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Type 2 diabetes mellitus is a fast-growing epidemic affecting people globally. We initiated the project by
searching the possible target of the Pueraria lobata root extract (P. lobata). We conducted the ICs, assays of P.

T2DM lobata on the four diabetes-related proteins: PTP1B, TCPTP, SHP-2 and DPP-4. Results indicated that P. lobata

Anti-diabetic activities
PTP1B

exhibited high PTP1B inhibitory activity with ICsy of 0.043 mg/ml. Treated insulin-resistant HepG2 cells with
0.0115mg/ml of P. lobata increased the glucose uptake by two times compared with the negative control.

Further, we performed OGTT test on the diabetic C57BL/6 male mice. 20% decreased blood glucose (AUC) was
obtained with a dose of 1 g/kg P. lobata compared with the negative control. Herein, we were able to demon-
strate the antidiabetic effects of P. lobata might be related to the inhibition of PTP1B and therefore, bettering the

insulin signaling pathway.

1. Introduction

Type 2 diabetes mellitus (T2DM) is a chronic illness due to endo-
crine dysfunction. Uncontrolled diabetes is associated with various
acute and chronic comorbidities. According to reports, the incidence of
diabetes in China has reached 11.6% (about 114 million people in the
country with diabetes), of which 90% are T2DM [1]. To date, the
prevention of T2DM in patients primarily focuses on education, diet,
and exercise. Lifestyle modifications along with pharmacotherapy and
patient education are the mainstay of therapy for patients afflicted with
T2DM.

While pharmacological interventions and chemical drugs are
coming with the baggage of side effects due to off-target influences, it is
more and more desired to switch those chemical compounds with
natural, safe and effective anti-diabetic agents.

Pueraria lobata (Wild.) Ohwi. (P. lobata) is a traditional Chinese
medicine used widely in clinical over thousands of years. Modern
pharmacological studies have reported that P. lobata root and leaf ex-
tracts have various therapeutic effects on cardiovascular disorders, os-
teoporosis, inflammation, liver injury, cancer, as well as hyperglycemic
defects [2]. In hyperglycemic studies is reported that P. lobata could
markedly reduce the blood glucose levels [3]. However, information
about P. lobata potential benefits on STZ-diabetic mice and HepG2 cells
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has remained vague and insufficient. Thus, it is important to explore
how P. lobata affects insulin signaling to better understand its anti-
diabetic potential.

In this study, we employed type 2 diabetes-related target proteins
(PTP1B, TCPTP, SHP-2, DPP-4), insulin-resistant HepG2 cells and HFD/
STZ-diabetic C57BL/6 mice to investigate the anti-diabetic properties of
P. lobata.

2. Results
2.1. Protein inhibitory activity test (ICso assessments)

The table (Table 1) illustrates that P. lobata exhibits different in-
hibitory effects on the selected proteins. As shown, the most significant
inhibitory activity is against PTP1B protein at 0.043 mg/ml then SHP-2
protein at 0.088 mg/ml. The weakest inhibitory activity is demonstrated
against DPP-4 protein. These data verified that the major hypoglycemic
character of P. lobata might be derived by inhibition of PTP1B.

2.2. Cytotoxicity assay of P.lobata by MTT

Due to the complexity of natural Chinese medicines, we conducted
MTT assay to investigate cytotoxicity of P. lobata. In doing so, we
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Table 1
ICsq values of P. lobata .

ICso (mg/ml)

PTP1B TCPTP SHP-2 DPP-4
Pueraria 0.046 >0.1 0.088 0.28
Naz0,4V (pNpp) 0.046 M 0.014 uM
Alogliptin (AP-AFC) 0.004 uM

Values are means of three experiments.
* means not examined. And we used NazO4,V and alogliptin as positive
control.
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Fig. 1. MTT Cell viability assay of P. lobata in HepG2 (n = 3 per conc.),
*p < 0.05 versus the blank (no drug treated), one-way ANOVA with Dunnett’s
post hoc test.

employed HepG2 cells to measure cytotoxicity of extract. As shown in
Fig. 1, P. lobata at various concentrations from 0.0460 mg/ml to
0.0014 mg/ml exhibits trivial effects on viability of HepG2 which ex-
plains that P. lobata is not cytotoxic at all indicated ranges.

2.3. Enhanced glucose uptake by P. lobata in HepG2

Next, we evaluated the glucose uptake effects of P. lobata in insulin-
resistant HepG2 cells. The cells were treated with different concentra-
tions of P. lobata (0.0115mg/ml, 0.0058 mg/ml, 0.0029 mg/ml and
0.0014 mg/ml) respectively. As demonstrated in Fig. 2, at different
concentrations of P. lobata glucose uptake enhances with a dose-de-
pendent manner.

Compared with control group containing just insulin and fluor-
escent glucose, the glucose uptake ability of HepG2 cells at indicated
concentrations of P. lobata increased about 100%, 88%, 40% and 16%
respectively. Our results must note that the glucose uptake ability of the
cells treated with 0.0115mg/ml P. lobata is quite close to the group
treated with 3uM and 5uM of Pioglitazone (positive control).
Inarguably, it is concluded that P. lobata has the ability to increase the
insulin-sensitivity in HepG2 cells and enhances the glucose uptake.

2.4. Anti-diabetic activity assay of P.lobata in vivo

Following, to further verify the hypoglycemic effects of P. lobata, we
employed HFD/STZ-diabetic C57BL/6 mice model for in vivo ex-
aminations. Three groups of diabetic mice including metformin group,
P. lobata group and control group underwent OGTT. The assays were
initiated by oral administrating of metformin and P. lobata. We waited
for 15-20 mins then began the OGTT procedure. Glucose solution
(20%) was administered intraperitoneally. Blood glucose levels were
recorded at 30, 60, 90, 120 and 240 mins. As shown in Fig. 3, the
maximum and minimum points of blood glucose levels in P. lobata

13

Bioorganic Chemistry 87 (2019) 12-15

? 80'
7
= 7 ** *%
= T *% L
£
g 40- =
o *
U ]
2 20-
)
9
=
w 0' T T T T
R A P P\ S\
» & & & >
& §F FFF AT Y v
& \Q. AP EFS AT
> ¥
&Qo é\% &% @% ro 3 Q% . 000
) ) O b AR AR A
Y F D
S S

Fig. 2. The glucose consumption(%) in insulin-resistant HepG2 cells, using
different compounds at various concentrations (n = 3 per sample), *p < 0.05,
**p < 0.01 versus control cells in the 2NDBG and insulin. One-way ANOVA
with Dunnett’s post hoc test.

group at the dose of 1 g/kg were fairly lower than metformin group and
moreover, than those in control group at all doses of extract treatment.

The area under the curve (AUC) of OGTT analysis for P. lobata
compared with control group illustrates remarkable decrease of blood
glucose levels by 21.0%, 20.0%, 10.0% and 5.7%, respectively, while
the AUC of metformin group dropped by 17.4% (Fig. 4). These records
solidify that P. lobata from medium and high concentration could
control the blood glucose and improve the glucose tolerance significant
in mice model.

3. Discussion

With the continuous improvement of people’s living standard, dia-
betes has become a high incidence disease. The treatment of existing
chemical medications usually brings undesired side effects such as hy-
poglycemia, gastrointestinal reactions, liver damage and lactic acidosis,
while the treatment effects are also unsatisfactory [4]. Because of the
medicine-food homology of traditional Chinese medicine, its toxicity is
relatively weak. Therefore, more and more scholars are turning to
traditional Chinese medicine and hope to find natural products with
notable anti-diabetic effect. It has been reported that the main com-
ponents of P. lobata such as puerarin and soy isoflavones have hy-
poglycemic effects [5,6]. However, there are few studies about hy-
poglycemic effect of those extracts and underlying mechanisms.

In this study, we utilized T2DM linked target proteins, insulin-re-
sistant HepG2 cells and HFD/STZ-diabetic C57BL/6 male mice to
scrutinize the hypoglycemic effects of P. lobata in vitro and in vivo. The
results demonstrated that P. lobata could effectively better the glucose
uptake in HepG2 cells. Moreover, oral administration of P. lobata
gravely lessened blood glucose in type 2 diabetic mice. Even though at
the higher doses of application the hypoglycemic effect could excel
those of metformin.

Type 2 diabetes is closely related to insulin resistance, whereas the
tyrosine phosphatase PTP family protein (PTP1B) alters the insulin re-
ceptor’s sensitivity by negatively regulating insulin signaling [7]. This
study explored that P. lobata is a potent inhibitor of PTP1B, which could
explain the hypoglycemic effect. Conclusively, P. lobata could achieve
the purpose of moderating blood glucose levels by markedly boosting
glucose uptake in HepG2 human cells and escalating glucose tolerance
in diabetic mice.

We prospect since the effective ingredients are not in high con-
centrations in extract, further research should be done focusing on
analysis of the active ingredients of P. lobata to obtain, modify and
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Fig. 3. Oral glucose tolerance test in TD2M mice (n = 4).
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Fig. 4. AUC of different drugs in T2DM mice (n = 4), *p < 0.05, **p < 0.01
versus the control. One-way ANOVA with Dunnett’s post hoc test.

optimize major molecules responsible for the therapeutic effects yet
reach to a new class of anti-diabetic treatment.

4. Materials and methods
4.1. Plant extraction

Pueraria lobata (Wild.) Ohwi. was purchased from Shanghai Lei Yun
Shang Company. According to reference [8], dried P. lobata (50 g) were
pulverized and soaked in 75% ethanol (11) three times at 40 °C for 2 h.
The residue was filtered off and the filtrate was combined and con-
centrated, then 20 ml butanol was added to the extract. After multiple
extractions, concentration and drying, the extract (7.6 g) was sealed
and stored in a refrigerator at 4 °C.

4.2. Protein inhibitory activity assay (ICsp)

Methods were performed, as described [9], we used p-nitrophenyl
phosphate (pNPP, Macklin, Shanghai, China) as substrate and sodium
orthovanadate (Na304V, Adamas, Shanghai, China) as positive control
to test the P. lobata inhibitory activity against protein tyrosine phos-
phatase-1B (PTP1B, 40kDa), T-cell protein tyrosine phosphatase
(TCPTP, 45kDa) and protein tyrosine phosphatase-2 (SHP-2, 60 kDa).
P. lobata, protease and buffer were added respectively, sodium hydro-
xide was mixed after 30 mins to stop the reaction. Immediately we
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measured the absorbance value at 405 nm.

As the Ref. [10], the inhibitory activity of P. lobata on dipeptidyl
peptidase-4 (DPP-4, 80 kDa) was determined using AP-AFC as substrate
and alogliptin as positive control. After adding different concentrations
of extract, protease and buffer respectively, AP-AFC was added. The
absorbance was measured after incubation for 10 mins. and read at 405,
505 nm.

4.3. Cell culture and viability assay

4.3.1. Cell culture

Human HepG2 cells were obtained from Chinese Academy of
Science and cultured in Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 100 U/ml penicillin, 100 streptomycins pg/ml, and
10% fetal bovine serum (FBS) from Gibco BRL (Grand Island, NY, USA).
Then the cells were incubated at 37 °C in a humidified incubator con-
taining 5% CO,.

4.3.2. MTT assay

Cell proliferation and growth was determined using MTT assay ac-
cording to publications [11]. A total of 5 X 10* cells/well were seeded
in a 96-well culture plate for 24h at 37 °C and treated with different
concentrations (0.0460 mg/ml ~ 0.0014 mg/ml) of P. lobata extract at
37 °C with 5% CO,. Non-treated cells served as the control. After 48 h,
the MTT solution (Sigma-Aldrich; Merck KGaA) was added to each well
and incubated at 37 °C for 4 h. Following the removal of the culture
medium, the cells were washed twice with PBS and 100 ul DMSO was
added to dissolve the Formosan crystals. Absorbance was recorded at
490 nm using a microplate reader (Thermo Scientific, CA, USA).

4.3.3. Insulin-resistant model establishment

The HepG2 cells were seeded onto 24-well plates at 8 x 10 cells/
well. After 24 h incubation, the cells were then cultured in 10 uM in-
sulin (from bovine pancreas, Sigma) for another 24 h to produce insulin
resistant model [12].

4.3.4. Glucose uptake assay

The glucose uptake was measured using fluorescent glucose (2-
NDBG) according to published procedure [13]. Briefly, the supernatant
was discarded and washed three times with PBS, then serum-free
medium and insulin (final concentration 100 nM) were added. After
incubation for 10 mins, cells were cultured with fluorescent glucose
(final concentration 50 uM) and different concentrations of extract
(0.0115mg/ml, 0.0058 mg/ml, 0.0029 mg/ml, 0.0014 mg/ml) for an-
other 1h. Cells were washed with PBS three times and transferred to
flow cytometry tubes for analysis by flow cytometer (488 nm
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wavelength). The percentage was calculated by this following formula: Appendix A. Supplementary material

Fluorescencegy,g — Fluorescenceconirol

The glucose consumption(%) = Supplementary data to this article can be found online at https://

Fluorescencecontrot doi.org/10.1016/j.bioorg.2019.02.046.
X 100%
References
4.4. Invivo experiment [1] J.X. Zhao, S.D. Wang, W.J. Huang, Review of TCM treatment for diabetes and its
complications, World Chin. Med. 12 (2017) 10-15.
4.4.1. Animal model [2] L. Jiang, Present situation of development and prospect analysis on pueraria lobata,
. Quarterly of Forest By-product and Speciality In China, (2004).
+
The C57BL:/6 mice (male’. four Week_s’ 20 £ 2 g) Wer.e purChaSEd [3] M. Zeng, H.M. Zhang, S.Q. Zheng, S.U. Zhong-Wu, L.U. Jin, D.J. Zou, Effects of
from Shanghai Slaccas Experimental Animal Company. High fat food Pueraria lobata on blood glucose level and hemorheology in diabetic rats,
and distilled water (pH = 6.5, and chlorine free) were given for Pharmaceut. J. Chin. Peoples Liber. Army (2004).
2 weeks. Diabetic mice were prepared by injecting STZ (Sigma St. [4] N. Srivali, C. Thongprayoon, W. Cheungpasitporn, P. Ungprasert, Acute pancreatitis
. . . ’ ? in the use of canagliflozin: a rare side-effect of the novel therapy for type 2 diabetes
Louis, MO) after fasting (85mg/kg). Mice with plasma glucose con- mellitus, J. Basic Clin. Pharm. 6 (2015) 101-102.
centration of =11.1 mM counted as diabetic [14]. [5] W. Song, Y. Li, X. Qiao, Y. Qian, M. Ye, Chemistry of the chinese herbal medicine
puerariae radix(ge-gen): a review, J. Chin. Pharmaceut. Sci. 23 (2014) 347-360.
[6] J.M. Chu, S.Y. Ma, H.F. Li, L. Xu, Progress in effective components and pharma-
4.4.2. OGTT cological effects of puerariae lobatae radix, Food Drug 17 (2015) 142-146.
The mice were randomly selected and divided into six groups. The [7] T. Tomita, Apoptosis in pancreatic B-islet cells in type 2 diabetes, Bosnian J. Basic
e . Med. Sci. 16 (2016) 162-179.
control group, positive control (metformin, 10 mg/kg) group and P. [8] A.Z. Fu, X.Q. Wu, J. Dong, J. Ma, X.Y. Luan, Y. Chen, P. Zhang, Chemical con-
lobata extract group (2g/kg, 1g/kg, 0.5g/kg, 0.25g/kg). After 8h stituents in n-butanol fraction of puerariae radix, Drugs Clinic 28 (2013) 484-486.
fasting, the fasting blood sugar level was measured. Each group was [9] W.W. Long, L. Huan, G. Ya, G.L. Xin, Synthesis of aromatic amide derivatives and
. th les by IP and th 1 t of 20% ol luti their biological evaluation against protein tyrosine phosphatase 1b and scr
given the s:'amp €s by an € equal amount o 0 glucose solu }On homology-2 domain containing protein tyrosine phosphatase-2, Chin. J. Organ.
after 30mins. Blood sugar levels were measured every 30 mins. Chem. 9 (2016) 2141-2149.
Absorbance at 505nm was measured by g]ucose oxidase reduction [10] J. Feng, Z. Zhang, M.B. Wallace, J.A. Stafford, S.W. Kaldor, D.B. Kassel, M. Navre,
[15] L. Shi, R.J. Skene, T. Asakawa, Discovery of alogliptin: a potent, selective, bioa-

vailable, and efficacious inhibitor of dipeptidyl peptidase iv, J. Med. Chem. 50
(2007) 2297-2300.

[11] F. Xu, F. Wang, Z. Wang, W. Lv, W. Wang, Y. Wang, Glucose uptake activities of bis
(2, 3-dibromo-4, 5-dihydroxybenzyl) ether, a novel marine natural product from
red alga odonthaliacorymbifera with protein tyrosine phosphatase 1b inhibition, in

We thank the Medicine and Engineering interdisciplinary Research vitro and in vivo, Plos One 11 (2016) e0147748.

PR s s [12] R.X. Zhang, Z.P. Jia, M.X. Li, The establishment of insulin resistant model in vitro
Fund of Shanghal Jiao Tong University (YG2015QN03, YG2014MS10 and preliminary application for screening drugs, Chin. Pharmacol. Bull. 24 (2008)

Acknowledgments

and YG2017MS77), National Natural Science Foundation of China 971-976.
(81202397) and Shanghai Natural Science Fund (12ZR1415400) for the [13] F.Z. Yang, Design, synthesis and biological evaluation of protein tyrosine phos-
financial support phatase-1b (PTP1B) inhibitors, Shanghai JiaoTong University, Shanghai, 2017.

[14] W.F. Zhu, Optimization and evaluation of type-2 diabetes in c¢57bl/6j mice,
Southern Medical University, Guang Zhou, 2010.
Conflicts of interest [15] X. Deng, J. Shen, H. Zhu, J. Xiao, R. Sun, F. Xie, C. Lam, J. Wang, Y. Qiao,
M.S. Tavallaie, Surrogating and redirection of pyrazolo[1,5-a]pyrimidin-7(4h)-one
core, a novel class of potent and selective DPP-4 inhibitors, Bioorg. Med. Chem. 26
The authors declare no conflict of interest. (2018) 903-912.

15


https://doi.org/10.1016/j.bioorg.2019.02.046
https://doi.org/10.1016/j.bioorg.2019.02.046
http://refhub.elsevier.com/S0045-2068(18)31147-7/h0005
http://refhub.elsevier.com/S0045-2068(18)31147-7/h0005
http://refhub.elsevier.com/S0045-2068(18)31147-7/h0010
http://refhub.elsevier.com/S0045-2068(18)31147-7/h0010
http://refhub.elsevier.com/S0045-2068(18)31147-7/h0015
http://refhub.elsevier.com/S0045-2068(18)31147-7/h0015
http://refhub.elsevier.com/S0045-2068(18)31147-7/h0015
http://refhub.elsevier.com/S0045-2068(18)31147-7/h0020
http://refhub.elsevier.com/S0045-2068(18)31147-7/h0020
http://refhub.elsevier.com/S0045-2068(18)31147-7/h0020
http://refhub.elsevier.com/S0045-2068(18)31147-7/h0025
http://refhub.elsevier.com/S0045-2068(18)31147-7/h0025
http://refhub.elsevier.com/S0045-2068(18)31147-7/h0030
http://refhub.elsevier.com/S0045-2068(18)31147-7/h0030
http://refhub.elsevier.com/S0045-2068(18)31147-7/h0035
http://refhub.elsevier.com/S0045-2068(18)31147-7/h0035
http://refhub.elsevier.com/S0045-2068(18)31147-7/h0040
http://refhub.elsevier.com/S0045-2068(18)31147-7/h0040
http://refhub.elsevier.com/S0045-2068(18)31147-7/h0045
http://refhub.elsevier.com/S0045-2068(18)31147-7/h0045
http://refhub.elsevier.com/S0045-2068(18)31147-7/h0045
http://refhub.elsevier.com/S0045-2068(18)31147-7/h0045
http://refhub.elsevier.com/S0045-2068(18)31147-7/h0050
http://refhub.elsevier.com/S0045-2068(18)31147-7/h0050
http://refhub.elsevier.com/S0045-2068(18)31147-7/h0050
http://refhub.elsevier.com/S0045-2068(18)31147-7/h0050
http://refhub.elsevier.com/S0045-2068(18)31147-7/h0055
http://refhub.elsevier.com/S0045-2068(18)31147-7/h0055
http://refhub.elsevier.com/S0045-2068(18)31147-7/h0055
http://refhub.elsevier.com/S0045-2068(18)31147-7/h0055
http://refhub.elsevier.com/S0045-2068(18)31147-7/h0060
http://refhub.elsevier.com/S0045-2068(18)31147-7/h0060
http://refhub.elsevier.com/S0045-2068(18)31147-7/h0060
http://refhub.elsevier.com/S0045-2068(18)31147-7/h0065
http://refhub.elsevier.com/S0045-2068(18)31147-7/h0065
http://refhub.elsevier.com/S0045-2068(18)31147-7/h0070
http://refhub.elsevier.com/S0045-2068(18)31147-7/h0070
http://refhub.elsevier.com/S0045-2068(18)31147-7/h0075
http://refhub.elsevier.com/S0045-2068(18)31147-7/h0075
http://refhub.elsevier.com/S0045-2068(18)31147-7/h0075
http://refhub.elsevier.com/S0045-2068(18)31147-7/h0075

	Anti-diabetic potential of Pueraria lobata root extract through promoting insulin signaling by PTP1B inhibition
	Introduction
	Results
	Protein inhibitory activity test (IC50 assessments)
	Cytotoxicity assay of P.lobata by MTT
	Enhanced glucose uptake by P. lobata in HepG2
	Anti-diabetic activity assay of P.lobata in vivo

	Discussion
	Materials and methods
	Plant extraction
	Protein inhibitory activity assay (IC50)
	Cell culture and viability assay
	Cell culture
	MTT assay
	Insulin-resistant model establishment
	Glucose uptake assay

	In vivo experiment
	Animal model
	OGTT


	Acknowledgments
	Conflicts of interest
	Supplementary material
	References




