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Potentilla bifurca flavonoids effectively
improve insulin resistance
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Abstract. - OBJECTIVE: The goal of this pa-
per is to investigate the use of Potentilla bifurca
in the treatment of type 2 diabetes.

MATERIALS AND METHODS: We analyzed
the improvement effect of 3T3-L1 adipocytes un-
der insulin resistance (IR) with the compounds
of Potentilla bifurca.

RESULTS: The Potentilla bifurca can signifi-
cantly improve the glycolipid metabolism disor-
der in 3T3-L1 adipocytes (the effect of MC com-
pounds is very significant). It can improve insu-
lin resistance by enhancing the glucose uptake
of 3T3-L1 adipocytes, decreasing IL-6 content,
and regulating the content of p-Akt/Akt, IKKp,
and p-NF-kBp65/NF-kBp65 in the IRS/PI3K/Akt
signaling pathway.

CONCLUSIONS: Studies have shown that Po-
tentilla bifurca has the ability to regulate gluco-
lipid metabolism and can be used in the treat-
ment of type 2 diabetes.

Key Words:
Potentilla bifurca, Insulin resistance, Type 2 diabe-
tes, Glucolipid metabolism, Flavonoids.

Introduction

Diabetes mellitus (DM) is a systemic metabolic
disease that affects the multi-organ system, such as
impaired insulin secretion or action, characterized
by elevated blood sugar'?. The International Dia-
betes Federation has anticipated that the number
of diabetic patients will increase to 380 million in
2025%. DM is divided into type 1 diabetes mellitus
(T1DM), type 2 diabetes mellitus (T2DM), gesta-
tional diabetes, and other special types of diabetes.
T2DM is responsible for more than 90% of dia-
betes cases’. T2DM is mainly caused by insulin
resistance, and the patients are usually treated
by improving insulin resistance and reducing the
level of blood glucose®. Insulin is a well-known

hormone associated with the regulation of glu-
cose and lipid metabolism, and insulin resistance
occurs when insulin receptors in insulin target
tissues fail to respond appropriately to insulin®.
Furthermore, inflammatory factors such as tumor
necrosis factor-a (TNF-a) played a key role in the
development of insulin resistance®. Studies’ have
shown that inflammatory pathways could disrupt
insulin receptor substance-1 (IRS-1) and glucose
transporter (GLUT), causing insulin resistance.

The current treatment of diabetes has achieved
some results, but many patients still suffer from
its complications and side effects. The oral ad-
ministration of hypoglycemic drugs, in addition
to insulin injection, is the main strategy to treat
diabetes®. Sulfonylureas and biguanides, two
commonly used medications, can help patients
manage their blood sugar levels; however, they
can have negative health effects and have no
protective effects on pancreatic islet f-cells’.
Therefore, there is still a need to develop more
effective and healthy treatments for diabetes'.
Emerging evidence suggests that most medici-
nal plants contain flavonoids which can improve
diabetes by regulating factors associated with
diabetes and its complications'?.

The therapeutic effect of flavonoids on insulin
resistance is a hot topic in the world. Quercetin is
a natural flavonoid with beneficial effects in the
diabetic animal model”®, which in the flowers of
Edgeworthia Gardner could significantly improve
glucose tolerance in the peritoneum, the insulin
level in plasma, and triglyceride (TG) content
in the liver in T2DM mice'. Paulownia fortunei
flowers have enough flavonoids, whose extract
can attenuate Diet-Induced Hyperlipidemia and
insulin resistance in obese mice®. Corylin, a fla-
vonoid compound extract from Psoralea corylifo-
lia L, has been shown to exert anti-inflammatory,
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anticancer, anti-atherosclerotic effects, amelio-
rate hyperlipidemia, and insulin resistance'¢. Sea
buckthorn leaves extract and flavonoid glycosides
extract from sea buckthorn leaves can ameliorate
adiposity, hepatic steatosis, insulin resistance,
and inflammation in diet-induced obesity®. The
chemical components from natural plant sources
have become an important source of DM preven-
tive and therapeutic drugs. The development and
study of the active components of such plants
can provide a new research direction for DM
treatment. What’s more, it can also improve the
utilization value of natural plants.

The Potentilla bifurca (Potentilla bifurca var.
humilior R.), which is a genus of more than 500
species worldwide, is a variety of the Poten-
tilla of the Rosaceae family. It is an annual or
perennial herb that grows widely in northern
temperate regions'. Mainly distributed in In-
ner Mongolia, Hebei, Shanxi, Gansu, Qinghai,
Ningxia, Xinjiang, Sichuan, Tibet, and other
regions in China. Traditional Chinese medicine
records that it has the treatment of dysentery,
hemorrhoid bleeding, blood vomiting, pharyn-
gitis, cough, and other effects. However, limited
information is available on hypoglycemic and
hypolipidemic effects of Potentilla bifurca right
now. Therefore, the objective of this study was
to explore the pharmacological activity of the
flavonoids extracted from Potentilla bifurca in
the treatment of T2DM.

Materials and Methods

Chemical Reagents

The 3T3-L1 preadipocytes were purchased
from the Procell Life Science & Technology
Co., Ltd (Wuhan, China). In addition, the fol-
lowing chemicals were used in this study: Dul-
becco’s Modified Eagle Medium (DMEM), Pen-
icillin-Streptomycin Liquid (100x), Phosphate
Buffered Saline (PBS), 0.25% Trypsin-EDTA
Solution, Recombinant Human Insulin (Wuhan
Procell Life Science & Technology Co., Ltd,
Wuhan, China); Fetal Bovine Serum (FBS, Bio-
logical Industries, Shanghai, China); Oil Red O
(ORO), Dex, IBMX, Cell Lysis Buffer, Western
Blot Primary Antibody Dilution Buffer, Western
Blot Secondary Antibody Dilution Buffer (Dalian
Meilun Biotechnology Co., Ltd, Dalian, China);
4% Paraformaldehyde (Biotopped Life Sciences,
Shanghai, China); Cell Counting Cit-8 (CCK-8),
Triglyceride Determination Kit, Glucose Assay

Kit (Nanjing Jiancheng Bioengineering Research
Institute Co., Ltd, Nanjing, China); Mouse In-
terleukin-6 ELISA Kit (Abclonal, Wuhan, Chi-
na); Anti-p-Akt (Ser308) antibody, Anti-Akt an-
tibody, Anti-IKKf antibody, Anti-p-NF-xBp65
antibody, Anti-NF-xBp65 antibody, [-actin,
(Abcam, Shanghai, China); Goat Anti-Mouse
IgG -HRP, Goat Anti-Rabbit IgG-HRP (Abgent,
Beijing, China); Prestained Color Protein Mark-
er, BCA Protein Assay Kit (Thermo Sciences,
Shanghai, China).

Statistical Analysis

The data obtained from the experiments were
statistically analyzed using the IBM SPSS soft-
ware version 21.0 for Microsoft (SPSS Corp.,
Armonk, NY, USA), and one-way ANOVA was
used to compare the means between groups. The
final results of the experiments were expressed as
mean+tstandard deviation; p<0.05 and p<0.01 in-
dicated that the data were statistically significant,
and the differences were significant and extreme-
ly significant, respectively.

Extraction of Six Compounds

The Potentilla bifurca, which was used in
the experiment, was a wild plant collected from
the Qinghai-Tibet Plateau. The collection of this
plant complies with the legal requirements of the
“Regulations on the Protection of Wild Plants of
the People’s Republic of China”. The specimen
is currently preserved in the Herbarium of the
School of Life Sciences, Northwest A&F Uni-
versity, specimen number WUK 0452265, which
was identified by Professor Yang Jinxiang of
Tongji Medical College of HUST.

The six compounds used in the experiment
were prepared by the research group and their
preparation methods are as follows: the dried
Potentilla bifurca powder was extracted three
times with 95% methanol at 65°C, followed by
extractions with petroleum ether and ethyl ace-
tate based on polarity, and purified using Seph-
adexLH-20, MCI-CHP20P, and RP-18, to obtain
twenty-eight compounds. Previous research has
shown that the total flavonoids of Potentilla bifur-
ca could regulate the expression of key enzymes
and hormones in glucolipid metabolism. On this
basis, six flavonoid compounds were chosen for
activity research and analysis.

Cell Culture and IR Stability Investigation

The cell differentiation test was treated us-
ing the method"™ with some modifications. At
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37°C and 5% CO,, 3T3-L1 preadipocytes were
cultured in DMEM with 10% FBS and 1% Peni-
cillin-Streptomycin liquid. To induce 3T3-L1 ad-
ipocytes, 3T3-L1 preadipocytes were cultured in
inducer I (complete medium containing insulin,
DEX, and IBMX with final concentrations of 10
pg'mL?, 1 pmol-L"' and 0.5 mmol-L") for 48 h,
then cultured for 48 h with inducer II (complete
medium containing only insulin with a final con-
centration of 10 ug'-mL™"), and then the culture
was continued by replacing a piece of complete
medium every 1 to 2 days. Starting with the ad-
dition of inducer I, the cells were left to differen-
tiate until 8" day, when the cell morphology was
observed by microscopy and identified by ORO.
Based on the above-mentioned induced differ-
entiation, IR modeling of the cells was performed.
On 8" day, after cell differentiation, the cells were
divided into a model group and a blank group. The
model group was supplemented with complete
medium containing 10 mol-L"' of insulin, and
the blank group was supplemented with equal
amounts of complete medium without insulin. The
glucose content in the supernatant of the medium
was measured using GOD-POD method at 24 h,
48 h, 72 h of modeling. According to the formula
calculate the glucose consumption of each group.

Glucose content = §/§, X S,

O
@

Where S, S, were the absorbance of the group
with samples and standard respectively, S, was
the standard concentration. Where P, P, were the
glucose concentration of primary and post-test,
respectively.

The established IR-3T3-L1 adipocytes were
divided into two groups and cultured in insu-
lin-free, high-glucose DMEM. One group was
stimulated with 107 mol-L! insulin for 30 min at
24 h, 48 h and 72 h, and the other group was not
stimulated. The GOD-POD method was used to
detect the glucose content in the culture super-
natant and calculate the glucose consumption of
each group, to observe the stability of [R-3T3-L1
adipocytes, and to investigate whether the estab-
lished IR-3T3-L1 cell model could maintain the
IR state stably for a long time.

Glucose consumption = P -P,

Cytotoxicity Test
Cytotoxicity test was measured using the meth-
od"” with some modifications. The groups were
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grouped according to blank group and experi-
mental group. 3T3-L1 preadipocytes were seeded
(1x10* cells/well) in 96-well plates and cultured
in an incubator for 24 h at 37°C, 5% CO,. The
old culture medium was poured off after and
replaced with PBS. The cells were washed twice,
and then 100 pL of complete culture solution
containing Potentilla bifurca compounds (100
pmol-L!, 10 umol-L"!, 1 umol-L") was added. Af-
ter 24 h of intervention, 10 uL. of CCK-8 solution
was added to each well. After 1 h of incubation,
the absorbance of each well was measured at 450
nm wavelength of the microplate reader. Cell
viability was calculated and the concentrations
of compounds were determined for experiments.

Cell viability = A/A, x 100%
©)

Where 4, and 4, were the absorbance of the
group with experimental and blank group.

Effects of Potentilla Bifurca Compounds
on Lipid Droplet Accumulation

The lipid droplet accumulation was assayed
in accordance using the method®® with some
modifications. 3T3-L1 preadipocytes were seed-
ed (1x10° cells/well) in 24-well plates and set up
a normal group, a model group and an experi-
mental group. After the cells were cultured in an
incubator at 37°C, 5% CO, until they were fully
fused, the normal group was not induced, and the
model and experimental groups were induced to
differentiate according to the methods in 2.3. 10
umol-L" of Potentilla bifurca compounds were
added along with the inducer to intervene, and
on the 8" day after the end of induction, the cells
were stained with ORO and placed under the mi-
croscope for observation and photograph.

Effects of Potentilla Bifurca
Compounds on Glucose Uptake in
IR-3T3-L1 Adipocytes

Glucose uptake was assayed in accordance
using the method? with some modifications.
The 3T3-L1 preadipocytes at logarithmic growth
stage were seeded (2x10° cells/well) in 6-well
plates to establish a blank group, a model group
and an experimental group, and after the cells
were completely fused, induced to differentiate
according to the methods in 2.3. On the 8" day
of induction differentiation, the blank group con-
tinued to be cultured with complete medium, and
the model and experimental groups were mod-
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eled with 10 mol'L" of insulin. After reaching
the optimal modeling time, the blank and model
groups were cultured with complete medium,
while the experimental group was intervened
with 10 pmol-L"' of each compound. Both the
blank group and the model group were divided
into two groups after 48 h, one of which was
stimulated with 107 mol-L"!' of insulin for 30
min, and the other group was not stimulated. The
experimental group was treated identically after
the treatment was completed, the glucose content
in the supernatant of the medium was measured
using GOD-POD method and according to the
formula (1), (2), the glucose consumption of each
group was calculated.

Effects of Potentilla Bifurca Compounds
on the Content of TG in 3T3-L1
Preadipocyte Differentiation

3T3-L1 preadipocytes which were divided
into blank group, model group, and experi-
mental group, were seeded (1x10° cells/well)
in 24-well plates. Induction differentiation was
performed according to the method in section

2.3. The cells were cultured at 37°C in 5% CO,

incubator until complete fusion. 10 pmol-L™!

of Potentilla bifurca compounds were added
along with the inducer to intervene, and on the

8" day after the end of induction, the content of

TG in each group was determined. The opera-

tions are as follows:

1. Cells collection: The old cell culture was aspi-
rated off on the 8" day of induction differen-
tiation, washed twice with PBS, digested for
5-10 min, and then the cells were transferred
to centrifuge tubes for centrifuging at 1000 rp-
m-min’ for 5-10 min, and the supernatant was
discarded. Cellular deposits with PBS were
washed twice, centrifuged again, leaving cel-
lular deposits. The cell lysate was added to the
centrifuge tubes containing cellular deposits,
and the lysed cell liquid was measured without
centrifugation.

2. Determination of TG content: The samples
were added according to the system as follows:
the blank hole (2.5 pL distilled water+250
puL Fluid), the standard hole (2.5 puL. Calibra-
tor+250 pL Fluid), and the sample hole (2.5 pL
Specimen+250 pL Fluid)

The samples were added and mixed evenly,
and incubated in a microplate incubator at 37°C
for 10 minutes. The absorption values of each
hole were measured with a microplate card read-

er. The concentration of protein in the sample
solution was determined with the BCA kit and
protein correction was carried out.

BCA assay protein quantification: 1- Prepara-
tion of BCA working liquid: The required amount
of BCA working liquid was calculated based on
the standard product and the quantity of sample
that was measured. The BCA working liquid was
prepared according to the ratio of 50:1, shake
and mix well. It can be stabilized 24 h at room
temperature. 2- Dilution standard: The standard
was diluted with PBS to a concentration of 0.5
mgmL™ 0, 2,4, 6,8, 12, 16 and 20 puL were
added to the protein standard wells of the 96-well
plate, and a certain amount of PBS was added
to 20 uL in each well. Also, 2 puL of sample was
taken and added to the sample hole, and then
PBS was added to 20 pL. 3- Add working lig-
uid: Following the addition of the samples, 200
pL of BCA working liquid was added to each
well, incubated at 37°C for 15-30 min, and the
absorbance value at 562 nm was measured using
a microplate reader. The X-axis represents the
protein concentration of the standard wells, and
the Y-axis represents the corresponding OD val-
ue. The protein concentration of the sample was
calculated using a standard curve.

TG content = (OD,-OD,)/(OD,-OD,) x C/C,
)

Where OD,, OD,, OD, were the absorbance of
the group with the blank group, standard group,
sample group, where C, C, were the concentra-
tion of the group with calibration product and
sample protein.

Effects of Potentilla Bifurca Compounds
on IL-6 Content in IR-3T3-L1 Adipocytes

Cell culture, induction of differentiation, mod-
eling and drug delivery methods were referred
to the methods in 2.6. The IL-6 content in the
supernatant of IR-3T3-L1 adipocytes was mea-
sured with the IL-6 kit after the treatment was
completed.

The Expression of Protein Factors in the
PI3K-Akt Pathway Using Western Blot
Firstly, the total protein was extracted using
RIPA lysis buffer containing 1% PMSF, and
the protein concentration was determined by the
BCA method. Electrophoresis is performed using
polyacrylamide gel with an 8% sodium sulphate
concentration after loading the same amount of
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protein (60 g) into each hole. Secondly, the pro-
tein treated by electrophoresis were transferred
to polyvinylidene fluoride (PVDF) membrane,
which was infiltrated with 5% skim milk powder
solution for 1 h. Then, the protein was incubated
at 4°C with the primary antibody diluent for 8h,
and then, incubated with the corresponding sec-
ondary antibody diluent for 1h. Western blotting
was then performed using the hypersensitive
enhanced image analysis system. The chemilu-
minescent substrate kit was released and can be
obtained on the FluorChem E system. Finally,
AlphaView software is used to quantify the cor-
responding bands.

Results

Separation and Preparation of
Six Compounds

The results are shown in Figure 1. The re-
sulting compounds were identified as: querce-
tin-3-0-B-D-glucopyranoside (QC3GP), myrice-
tin (MC), quercetin-3-O-B-D-xylose (QC3X),
quercetin-3-0-(6"’-O-trans-p-coumaroyl)-p-D-
glucoside (QC3G), quercetin (QC), (-)-epicate-
chin (EC). Compared with QC, the H of hydroxyl
at position 3’ of QC3GP, QC3X and QC3G were

replaced by different sugar groups, and the hy-
droxyl of position 3°, 4’ was transferred to the
position 4°,5’. Compared with QC, a hydroxyl was
added to the position 5’ in MC’s molecular struc-
ture, the hydroxyl in EC’s B ring was transferred
from the position 3’, 4’ to the position 4’, 5°, and
the ketone carbonyl in EC’s C ring was replaced
by H, and the bond angle between the hydroxyl in
the C ring and the bond between the C ring and
the B ring was deflected.

Establishment of IR Model

In order to ensure the accuracy of the exper-
iment, the stability of the modeled cells was
investigated. At 24 h and 48 h, the glucose up-
take capacity in the model group was lower than
that in the blank group, the data difference was
significant (p<0.05). After insulin stimulation,
the glucose uptake capacity in the blank group
increased significant, the data difference was
extremely significant (p<0.01), but the glucose
uptake capacity in the model group remained
unchanged, the data difference was not signif-
icant (p>0.05). This indicates that the cells in
the model group were still insensitive to insulin
at this time (Figure 2A and B). Glucose uptake
capacity in the model group began to rise at 72
h of model establishment and the 3T3-L1 adi-

myricetin (MC)

B-D-glucopyranoside H OH

(6"-O-trans-p-coumaro
yl)-B-D-glucoside

R3 R3' RS

quercetin-3-O-p-D-glu
copyranoside (QC3GP)
quercetin-3-O-p-D-xyl

B-D-xylose H OH ose (QC3X)

quercetin-3-0-(6"-O-tr
H OH ans-p-coumaroyl)-B-D
-glucoside (QC3G)

H OH H

quercetin (QC)

HO 0

OH
(-)-epicatechin (EC)

Figure 1. The molecular structure of six compounds. The six compounds belong to polyphenols, among which QC3GP,

QC3X, QC3G, QC and MC belong to flavonoids.
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Figure 2. The stability of insulin resistance in cells was investigated by measuring glucose uptake. A, Study on the stability
of 24 h after insulin stimulation. B, Study on the stability of 48 h after insulin stimulation. C, Study on the stability of 72 h after
insulin stimulation. Cells viability of compounds were measured using CCK-8 ki. D, 1 pmol-L" Toxicological examination
of compounds. E, 10 pmol'L"! Toxicological examination of compounds. F, 100 pmol-L"! Toxicological examination of
compounds. Results are shown as mean x+ SD. **p <0.01.*p < 0.05.

pocytes became insulin-sensitive (Figure 2C).
Therefore, in the establishment of the 3T3-L1
adipocyte IR cell model, the condition was with
a concentration of 10-® mol-L"!' of insulin treated
for 48 h.

Cytotoxic Experiments

When the concentration was 100 pumol-L1,
the cell viability of 3T3-L1 preadipocytes was
relatively low under the intervention of six com-
pounds, and the cell activity was less than 40%
after QC3G intervention (Figure 2F). When
the concentration was 10 umol-L"! or less, the
cell viability of 3T3-L1 preadipocytes reached
more than 90% (Figure 2D and E). The findings
demonstrated that the concentration is safe in the
case of 10 pmol'L, so the concentration of 10
umol-L" is selected for the follow-up test.

The Lipid Metabolism Research

To further explore the effect of Potentilla bi-
furca compounds on T2DM, the effects of Poten-
tilla bifurca compounds on obesity was studied,
mainly include oil red O staining observation,
glucose uptake capacity determination, TG con-
tent determination, 1L-6 content determination.
The results are as follows:

Effects of Lipid Droplet Accumulation

The shape of 3T3-L1 preadipocytes is typically
shuttle-shaped or irregularly triangular with no
lipid droplets in the cytoplasm. After the addition
of the inducer, the cells gradually became larger,
changing from spindle or polygonal to round or
oval, and by 6-8 d of differentiation, the cells
gradually differentiated into adipocytes contain-
ing small reflective lipid droplets. After staining
with ORO, red “ring-like” lipid droplets were ob-
served under the microscope, indicating that the
3T3-L1 preadipocytes differentiated into mature
adipocytes after induced differentiation.

As shown in Figure 3A, there were no “ring-
shaped” lipid droplets in the normal group, indicating
that the cells in the normal group were undifferen-
tiated or the degree of differentiation was relatively
low, while a large number of lipid droplets appeared
in the model group. Compared with the model group,
the number of lipid droplets reduced after the com-
pound’s intervention. This indicates that all six com-
pounds can reduce the accumulation of lipid droplets
during the differentiation of 3T3-L1 adipocytes.

Effects of Glucose Uptake Capacity

Under normal conditions, insulin can promote
glucose uptake and utilization, reduce blood sug-
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Figure 3. The lipid metabolism of insulin resistance in cells was investigated. A, Study was observed by oil red O staining
on the the effect of 3T3-L1 adipocytes under different compounds (100%). B, Study on the improvement of glucose uptake in
IR by Potentilla bifurca compounds. C, Study on the improvement of TG content in IR by Potentilla bifurca compounds. D,
Study on the improvement of IL-6 content in IR by Potentilla bifurca compounds; Results are shown as mean x + SD. **p <

0.01.*p < 0.05.

ar. IR is insulin action not sensitive and related to
the decline of the human body’s action on insulin.
Glucose intake is the most intuitive reflection of
insulin resistance. Therefore, IR patients are usu-
ally associated with disorders of glucose metabo-
lism. IR-3T3-L1 adipocytes were used to evaluate
the improvement of IR by six compounds. After
intervention with six compounds, the glucose
uptake capacity of IR-3T3-L1 adipocytes was
determined by glucose kit. Compared with the
blank group, glucose uptake was significantly re-
duced in the model group, the data difference was
extremely significant (p<0.01), indicating that the
IR model was successfully modeled. After the
compound’s intervention, glucose uptake was in-
creased to varying degrees. The data differences
between QC3GP, MC, QC3X, QC, EC and the
model group were extremely significant (p<0.01),
and the data differences between QC3G and the
model group were significant (p<0.05) (Figure
3B). The results showed that the Potentilla bi-
furca compounds increased the glucose uptake
capacity of IR-3T3-L1 adipocytes and improved
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IR status, which has potential for the treatment of
diabetes mellitus.

TG Content Determination

Compared with the model group, all six com-
pounds reduced the TG content in cells after the
compound intervention. The data differences in
MC and EC were extremely significant (p<0.01),
significant (p<0.05) in QC3X and QC, and not
significant (p>0.05) in QC3GP and QC3G (Fig-
ure 3C).

IL-6 Content Determination

Compared with the blank group, the model
group had significantly higher IL-6 levels, the da-
ta difference was extremely significant (p<0.01),
indicating that the IR model was successfully
modeled. All six compounds can reduce the
IL-6 content of IR-3T3-L1 adipocytes after the
intervention. The data differences in MC and EC
were extremely significant (p<0.01), and signifi-
cant (p<0.05) in QC3GP, QC, QC3X and QC3G
(Figure 3D).
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PI3BK/AKT Signaling Pathway Research

The Protein Expression of p-Akt /Akt

Akt which is an extremely important pro-
tein in insulin signaling pathway is a very
important factor in the PI3K/Akt pathway. Its
phosphorylation is closely related to glycolip-
id metabolism??. In this study, the IR-3T3-L1
adipocyte model was used to intervene with
the Potentilla bifurca compounds to extract
cell protein, and Western blot was used to de-
termine the expression of p-Akt/Akt protein
in each group of cells. As shown in Figure 4A
and C, p-Akt/Akt content in the model group
was lower than that in the blank group. After
the compound’s intervention, the p-Akt/Akt
ratio of all compounds to IR-3T3-L1 adipocytes
increased to varying degrees. Compared to the
model group, the data differences in the group
of MC, QC3X, QC, EC were extremely sig-
nificant (p<0.01), and in the group of QC3GP,
QC3G were not significant (p>0.05).

The Protein Expression of IKKS and
P-NF-xBp65/NF-xBp65

The expression of IKKf protein in the IR-3T3-L1
adipocyte condition was determined. IKK[} content
of the model group was higher than that of the blank

group, indicating successful modeling. After the
compound intervention, compared with the model
group, all six compounds can reduce the IKK [} pro-
tein expression content of IR-3T3-L1 adipocytes, the
data difference was significant (»p<0.05). The results
suggested that Potentilla bifurca compounds may
regulate related inflammatory signaling pathways
by reducing IKKp protein content in IR-3T3-L1
adipocytes (Figure 4B and D).

In this study, the content of p-NF-xBp65/NF-
kBp65 in IR-3T3-L1 adipocytes was measured af-
ter the intervention of the Potentilla bifurca com-
pounds. After calculating the ratio, all six com-
pounds can reduce the content of p-NF-xBp65/
NF-xBp65. Compared with the model group, the
data difference in MC was extremely significant
(p<0.01). The differences between the group of
QC3GP, QC, QC3X, QC3G, EC and the model
group were significant (p<0.05), indicating that
Potentilla bifurca compounds may regulate the in-
flammatory response pathway by lowering p-NF-
KkBp65/NF-kBp65 levels (Figure 4B and E).

Discussion

The flavonoid skeleton is composed of (C6-
C3-C6) and is the plant secondary metabolite
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Figure 4. The expression of major proteins in PI3K/AKT signal pathway. A, B, Results of related protein expression, the data
were determined by Western blotting. C, Study on the improvement of pAKT/AKT in IR by Potentilla bifurca compounds.
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with a strong therapeutic effect on diabetes. It can
be sub-classified into six distinct types consisting
of flavonols, flavones, flavan-3-ols, anthocyani-
dins, flavanones, and isoflavones®. Glycosylation
is one of the major modifications of flavone and is
mainly composed of two types of glycosylation:
O-glycosylation and C-glycosylation, which play
vital roles in many physiological characteristics
and functions of plants**. Studies have shown that
quercetin glycosides, flavone derivatives, and cat-
echins have been addressed to exploit antioxidant
and pharmacological properties®. In addition,
there is evidence that the absorption of glycosides
is much higher than that of the corresponding
aglycones?®.

In a previous study, the model of IR induced
by the revulsant was investigated to determine
the optimal time of induction and the cyto-
toxicity of each compound was explored. The
compounds were most cytotoxic at a cell con-
centration of 100 pumol-L"!, and on this basis, we
determined the following experiments with a
10 umol-L"' concentration. The most significant
feature of IR is the increase in blood glucose
levels. The six compounds showed significant
results in promoting blood glucose consump-
tion, the most obvious of which were myricetin,
epicatechin, and quercetin. The quercetin glyco-
side derivatives were not obvious compared with
them. This has been apparent to confirm the hy-
poglycemic effect of Potentilla bifurca. To make
the experimental data more reliable, the WB
method was used to detect protein expression
in the PI3K/AKT signaling pathway. The phos-
phatidylinositol3-kinase (PI3K)/protein kinase
B (Akt) signaling pathway is a crucial pathway
in insulin signaling®”%. Firstly, in the PI3K/AKT
insulin signaling pathway, insulin stimulation
alters PI3K signaling in the case of IR. Insulin
binds to its receptor and induces insulin receptor
substance (IRS) phosphorylation at the tyrosine
site, thereby activating PI3K, which subsequent-
ly activates protein kinase AKT, ultimately ac-
tivating glucose transporter-4 (GLUT-4), which
plays an important role in mobilizing glucose
throughout the body*’. To investigate the effect
of Potentilla bifurca on the PI3K/AKT signal-
ing pathway, AKT protein downstream of the
pathway was determined. Akt, also known as
protein kinase B (PKB), is a central node in
cell signaling downstream of growth factors,
cytokines, and other cellular stimuli. At the
same time, Akt activation underlies the patho-
physiological properties of a variety of complex
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diseases, including T2DM?3!. Combined with the
observations made in the present study (Figure
4C), the intensity of increase in pAKT/AKT ex-
pression by the six compounds was MC > EC>
QC > QC3X > QC3GP > QC3G.

Much evidence supports the view that low-grade
chronic inflammation exists in obese people®.
Obese people are generated locally in the adipose
tissue and enter into the bloodstream with the re-
lease of numerous pro-inflammatory cytokines®.
Some research showed that insulin resistance in
mice lacking pro-inflammatory factors was im-
proved despite high fat diets**. The prevalence of
T2DM increases along with obesity®. Therefore,
obesity-induced insulin resistance can be amelio-
rated through the reduction of inflammation.

In addition to studying the improvement of
diabetes by the six compounds, the experiment
also explored lipid metabolism pathways associ-
ated with inflammation. The IKKB/NF-xB sig-
naling pathway in the hypothalamus induced
by an HFD was causative for the development
of obesity*. First of all, six compounds were
investigated for their ability to improve the ap-
pearance of 3T3-L1 adipocytes. It was found that
all six compounds could reduce the formation
of lipid droplets in adipocytes, but the differ-
ence in effect between the compounds was not
significant. Six compounds of Potentilla bifurca
can also reduce the TG content in 3T3-LI adi-
pocytes compared with the model group, among
which the data differences in MC and EC were
extremely significantly (p<0.01), QC and QC3X
were significantly (p<0.05), and QC3GP was not
significantly (p>0.05). Secondly, this research
focused further on the protein expression and
inflammatory factor content in the IKKp/NF-kB
pathway. The IKK complex is an activator of the
NF-«kB pathway and thus regulates inflammation,
while IKK is one of the most important proteins.
Glucolipotoxicity activates inflammatory signals
such as nuclear factor-kB (NF-kB), interleukin-13
(IL-1B), IL-6, interferon-y (IFN-y) and tumor ne-
crosis factor-alpha (TNF-a) in experimental con-
ditions, impairing insulin secretion. Combined
with the observation in the present study (Figure
4D), all six compounds were able to reduce the
content of IKKf, among which the MC, QC and
EC effects were the most obvious, and the effect
of the four glycosides QC was slightly weaker. In
addition, this paper also studies the expression
of NF-kB protein in the downstream pathway of
IKKB/NFkB. In the unstimulated state, NF-xB
remains in the cytoplasm in an inactive form and
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is bound to the inhibitory binding protein IkBa*".
A broad range of immune stimuli can activate
the upstream kinase IKKp, leading to IkBa phos-
phorylation (at Ser32 and Ser36) and degrada-
tion, and subsequently to the release of NF-kB*’.
The expression of downstream pathways under
the action IKKP/NFkB six compounds was ex-
plained by measuring the ratio of p-NF-kBp65/
NF-kBp65. The p-NF-xBp65/NF-kBp65 of MC
reduction was the most significant, followed by
EC, QC, and subsequent glycosidic bonds. The
activated NF-kB stimulates the products of ma-
ny inflammatory regulators, including IL-6 and
TNF-a, which eventually lead to inflammation.
NF-kB is transported to the nucleus, binds to ge-
nomic DNA in the nucleus and regulates the ex-
pression of inflammatory cytokines, initiates or
aggregates inflammatory reactions, and ultimate-
ly leads to the occurrence of IR*. The IL-6 kit
was used to determine the effect of compounds
on the inflammatory response of IR-3T3-L1 adi-
pocytes, as shown in Figure 3C. Compared with
the model group, MC and EC can significantly
reduce the IL-6 content in cells, the data differ-
ences were extremely significant (p<0.01), and
the differences in QC, QC3X, QC3GP, and QC3G
were significant (p<0.05).

Among the six compounds, MC has the most
significant effect. Compared with QC, MC has
a hydroxyl group at the 5’position, which im-
proves the ability to bind to other compounds
and significantly enhances its lipid-lowering and
hypoglycemic activities. Compared with QC,
the B ring connected to the C ring and the
hydroxyl bond connected to the C ring both
rotate, which makes the lipid-lowering and hy-
poglycemic activity of EC enhanced compared
to QC, QC3X, QC3GP, and QC3G are all gly-
coside derivatives of QC. Compared with QC,
the activities of QC3X, QC3GP, and QC3G are
reduced. Among them, QC3X is the strongest,
followed by QC3GP, and finally QC3G. This
shows that the factors affecting QC activity are
not only related to the added glycosidic bonds
but also related to the complexity of the added
glycosidic bonds.

Although this study is of great positive signif-
icance for the study of the treatment of type 2
diabetes mellitus, the current research is only at
the in vitro level, and the experimental data has
certain limitations, so it is planned to be used in
animal experiments in the next step, in order to
further verify the value of Potentilla bifurca com-
pounds in the treatment of type 2 diabetes.

Conclusions

The improvement effect of Potentilla bifur-
ca compounds on high-fat diet-induced IR in
3T3-L1 adipocytes was studied and the possible
mechanisms were explored. At the same time,
the differences in the structures of flavonoids and
their effects on the metabolism of glucose and
lipids were discussed. The results showed that
IR could be improved by Potentilla bifurca com-
pounds through activating the IRS/PI3K/AKT
signal pathway to accelerate glucose consumption
and inhibiting the IKK/NF«B signal pathway to
improve inflammatory pathways. Based on quer-
cetin, the difference between the changes in the
structure of the five compounds and the lowering
of blood sugar and lipids was analyzed. The study
suggested that Potentilla bifurca has the potential
to be developed as a hypoglycemic agent in regu-
lating hyperglycemia and IR in T2DM.
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