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Paeoniflorin attenuates gestational diabetes via Akt/mTOR
pathway in a rat model
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Popular scientific summary

* Paconiflorin administration alleviates gestational diabetes mellitus associated syptoms, via
suppressing certain signaling pathway involved in gestational diabetes mellitus.

* Paceoniflorin could be used for the treatment of gestational diabetes mellitus.

Abstract

Background: Gestational diabetes mellitus (GDM) is a type of diabetes associated with pregnancy and may
impose risks on both mother and fetus. Akt paeoniflorin was shown to have anti-inflammatory and anti-
hyperglycemia properties and has a potential ability to suppress mammalian target of rapamycin (mTOR)
signaling. The current study aimed to study the effect of paconiflorin on GDM maternal, fetal, and placental
characteristics in vivo.

Methods: Streptozotocin (STZ)-induced gestational diabetes rat model was used in our study. The expression
levels of phosphorylation (p-) and total protein expression levels of protein kinase B (Akt), mTOR, serum/
glucocorticoid regulated kinase 1 (SGK1), and eIF4E-binding protein 1 (4E-BP1) in the placenta were deter-
mined by Western blot assay. The blood glucose, insulin, and leptin levels were assessed using enzyme-linked
immunosorbent assay (ELISA).

Results: We found that placental Akt/mTOR signaling was substantially upregulated in GDM patients com-
pared with healthy donors. Paeoniflorin administration alleviates the dysregulation of blood glucose, leptin,
and insulin levels in both maternal and fetal GDM rats. Paeoniflorin treatment suppressed the overactivation
of Akt/mTOR signaling in placental tissues. More importantly, administration of paeoniflorin was beneficial
for normalization of fetal size and body weight in the GDM rats.

Conclusion: Our study suggested that application of paeoniflorin may serve as a potential therapeutical strat-
egy for patients with GDM.
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estational diabetes mellitus (GDM) is a com-
mon medical symptom that occurs in pregnant
women (1). Approximately 1.7-12% of preg-
nant women may develop with GDM based on the dif-
ferent populations studied (2). During pregnancy, the
placenta is the main organ to secrete various hormones,
such as estrogen, progesterone, and prolactin, which
exert insulin-antagonistic function. When the insulin
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secreted by the pancreas is not enough to control nor-
mal blood glucose levels, the blood glucose level rises,
and the constant high levels of blood glucose contrib-
ute to the development of GDM (3). GDM is closely
related to an increased frequency of fetal macroso-
mia, which may increase the incidence of development
of cardiovascular disease, obesity, and diabetes for the
descendant (4, 5).
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Mammalian target of rapamycin (mTOR), an atypi-
cal serine/threonine kinase, is known to act as a master
growth regulator that orchestrates diverse nutritional,
chemical, and environmental signals such as growth fac-
tors, nutrients, energy exchange, and cytokines. mTOR
presents in cytoplasm in two distinct complexes, which
are mTOR complex 1 (mTORCI1) and 2 (mTORC2)
(6, 7). Insulin/PI3K/Akt signal transduction pathway
acts as a master regulator of mTOR activity (8). Activa-
tion of mMTOR promotes cell growth by phosphorylating
its downstream targets, such as Unc-51 Like Autophagy
Activating Kinase 1, 4E-BP1, p70S6 kinase (S6K), and
SGKI1 (9).

The placenta serves as a delivery system between
the mother and the developing fetus (10). It provides
fetus with nutrients and transfers waster products to
the mother (11). The activity of Akt/mTOR signaling
pathway in placenta has been proved to be associated
with the nutritional, metabolic, and physiological state
of the mother (12). mTOR can also affect the fetal
growth through the regulation of placental development
and function (13). Studies suggested that the placental
mTOR is upregulated in pregnancies complicated by
GDM, and mTOR overactivation is linked to fetal mac-
rosomia (14, 15).

Paeoniflorin is a main biological active ingredient
of a Chinese herb Paeonia lactiflora Pall. Many basic
and preclinical studies suggested that paeoniflorin
has potent anti-inflammatory, antitumor, and anti-
hyperglycemia properties (16-19). Paconiflorin exerts
therapeutic effects on collagen-induced arthritis (CIA4)
rats via mediating Akt/mTOR signaling pathway and
represses antibodies production from B cells (20). In
addition, paeoniflorin imposes strong inhibition effect
on mTOR-hypoxia inducible factor-1a pathway, leading
to a reduction of alpha-smooth muscle actin (a-SMA)
and collagen protein production and alleviation of liver
fibrosis (21). However, the potential therapeutic effects
of paeoniflorin on GDM women and their fetal devel-
opment have never been explored.

In the current study, we focused on the investigation of
the effect of paeoniflorin in streptozotocin (STZ)-induced
diabetic rats fed with different doses of paeoniflorin. We
aimed to answer the following questions: (1) Whether
paeoniflorin oral administration ameliorates maternal
body gain? (2) Whether paeoniflorin enhances insulin se-
cretion and inhibits glucose and leptin upregulation? (3)
What is the effect of paeoniflorin on fetal development?
(4) Whether paeoniflorin suppresses the overactivation
of placental Akt/mTOR signaling? The answers to these
questions may assist us to have a better understanding of
the effect of paeoniflorin on GDM women and their fetal
development.
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Materials and methods

Clinical samples

All participants were given a 75 g oral glucose toler-
ance test. The GDM is diagnosed if at least one value of
plasma/blood glucose concentration is higher the thresh-
olds of 92 mg/dL for fasting, 180 and 185 mg/dL for
1- and 2-h postglucose load glucose values, respectively.
Placenta samples were obtained from 40 healthy women
and 39 women with GDM after delivery. Samples were
snap frozen and kept in liquid nitrogen. The Ethics Com-
mittee of Heze Municipal Hospital of Shandong Province
approved this study, and all participants have given a writ-
ten informed consent.

Animal model and dietary formulas

Sixty-days-old female albino rats (Rattus norvegicus)
were housed in standard polypropylene cages with
free access to clean water and food, either normal diet
or fatty-sucrosed diet. The Ethics Committee of Heze
Municipal Hospital of Shandong Province approved the
experimental protocol.

Rats were randomly divided into five groups (seven rats
in each group) as indicated: (1) control: normal diet was
given to rats for the entire study. (2) GDM: fatty-sucrosed
diet was given to rats for the entire study. Five weeks
later, rats were orally administered with the same amount
of saline daily till the end of the experiment. (3, 4, and 5):
GDM+paeoniflorin (5 mg/kg), GDM-+paconiflorin
(15 mg/kg), GDM +paconiflorin (30 mg/kg): rats fed with
the fatty-sucrosed diet for 5 weeks. Thereafter, rats were
orally administered with paeoniflorin (dissolved in nor-
mal saline; Sigma—Aldrich, St. Louis, MO) at a dose of
5, 15, and 30 mg/kg, respectively daily till the end of the
experiment. All female rats were mated and got pregnant
on week 5. The pregestational period indicates the whole-
time period before mating, and the gestational period
refers to the time period after mating. All GDM groups
received intraperitoneal injection (i.p.) of STZ (25 mg/kg
in citrate buffer; pH 4.5), and the control group was given
a buffer i.p. injection.

Enzyme-linked immunosorbent assay

The blood glucose levels were measured using a glucose
assay kit (ab65333) from Abcam (Cambridge, MA, USA),
and insulin secretion levels were determined using an in-
sulin ELISA kit from RayBiotech (Norcross, GA, USA)
according to the manufactory’s instruction.

Western blot

The placental tissue samples were homogenized in ice cold
radioimmunoprecipitation lysis buffer. Total proteins were
separated using sodium dodecyl sulfate-polyacrylamide
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(SDS-PAGE) gel electrophoresis and were transferred
to a polyvinylidene difluoride (PVDF) membrane
(Millipore, Billerica, MA, USA). After blocking, the
membranes were incubated with primary antibodies
followed by incubated with secondary antibodies. The
target protein signaling was detected using iBind west-
ern system (ThermoFisher Scientific, MA, USA). The
antibodies against p-Akt, p-mTOR, p-4E-BP1, p-SGKI1,
t-Akt, t-mTOR, t-4E-BP1, t-SGK1, and b-actin were
obtained from Cell Signaling Technology (Danvers,
MA, USA).

Statistical analysis

Data were expressed as mean £ SD. Two-way analysis
of variance (ANOVA) with Bonferroni post hoc test was
used to analysis the results of maternal blood glucose and
insulin levels. Student’s z-test or one-way ANOVA with
Bonferroni post hoc test was used to analyze the differ-
ence between the groups. The P value less than 0.05 was
recognized as statistically significant.

Results

Placental Akt/mTOR signaling pathway was activated in GDM
Forty healthy women and thirty-nine women with GDM
were enrolled in this study. As shown in Table 1, the pre-
gestational body mass index (BMI), BMI at 34 weeks, and
baby weight in GDM women were significantly higher
than those in healthy women. The higher frequency of
preterm delivery in GDM women compared with healthy
women was observed. Women with diabetes family his-
tory exhibited a higher risk of GDM.

To study the biological relevance of the Akt/
mTOR signaling pathway in GDM, we compared the

Table 1. Characteristics of study subjects

Normal GDM P
(n = 40) (n=39)
Age at delivery (years) 29.1 £45 28.7 £ 5.1 0.713
Education level
Lower than university 32 (80%) 32 (82.1%) 0816
University or above 8 (20%) 7 (17.9%)
Employed 27 (67.5%) 25 (64.1%) 0.750
Pregestational BMI 209 %22 23.7+£35 <0.001
Primiparous 21 (52.5%) 20 (51.3%) 0914
BMI at 34 weeks 258+24 292+42  <0.00l

3240+ 125 3620232 <00l
8(205%)  0.038

Baby weight (g)
Preterm delivery (<37 weeks) 2 (5%)
Family history of diabetes

Yes 5(12.5%)
No 35 (87.5%)

12 (30.8%)
27 (69.2%)

0.048

Values are means * SD or number (percentage). BMI: body mass index.
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phosphorylation (p-) and total protein expression levels
of Akt, mTOR, 4E-BP1, and SGK1 between normal and
GDM placental tissues. We found a significant increase in
the p-Akt, p-mTOR, p-4E-BP1, and p-SGK1 protein ex-
pression in GDM placental protein lysates compared with
these in normal placental samples. However, the total
Akt, mTOR, 4E-BP1, and SGK1 protein expression levels
were not statistically different between normal and GDM
groups (Fig. 1A-D). These results strongly suggested that
overactivation of Akt/mTOR signaling pathway may play
an important role in GDM development.

Effect of maternal paeoniflorin diet on glucose, insulin, leptin,
and body weight changes

Studies have implicated that paeoniflorin can elicit inhi-
bition effect on mTOR signaling. We hypothesized that
the inhibition of mTOR activation by administration of
paeoniflorin might attenuate the GDM development. To
verify this hypothesis, we used the STZ-induced diabetic
rats fed with different diets (control, GDM, GDM+pae-
oniflorin [5 mg/kg], GDM-+paeoniflorin [15 mg/kg], GD-
M-+paeoniflorin [30 mg/kg]), as described in the ‘Materials
and methods’ section.

Significant induction of blood glucose and plasma
leptin levels was observed in all GDM groups com-
pared with the control group. Paeoniflorin administra-
tion potentially alleviated the augmentation of blood
glucose and plasma leptin in a dose-dependent manner
in GDM groups (Fig. 2A and C). On the contrary, all
GDM groups showed a marked reduction of insulin
level compared with the control group (Fig. 2B). In-
terestingly, administration of paeoniflorin at 15 and 30
mg/kg, but not 5 mg/kg, elevated insulin levels in GDM
groups with comparable ability. Figure 2D shows that
all GDM rats fed with or without paeoniflorin exhibited
a noticeable increase in their body weight gain as com-
pared with control normal-fed rats. However, among
GDM groups, oral administration of paeoniflorin
evidently decreased their body weight gain in a dose-
dependent manner compared with the dimethyl sulfox-
ide (DMSO) control-fed group.

Effect of maternal paeonifiorin diet on litter size, fetal

body weight, placental weight, fetal blood glucose, insulin,

and leptin levels

As illustrated in Fig. 3B, fetal body weight was signifi-
cantly higher in all GDM groups than in the control group.
Paconiflorin administration at 15 and 30 mg/kg, but not 5
mg/kg, ameliorated the elevation of fetal body weight. In
contrast with the fetal body weight pattern, the litter size
was significantly smaller in all GDM groups compared
with the control group and was elevated in paeoniflorin
(15 and 30 mg/kg) administration groups compared with
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Fig 1. Expression of Akt/mTOR pathway-related genes in normal and GDM placental tissues. Proteins extracted from placen-
tal tissues were detected by Western blot, and relative protein levels of p-Akt, Akt (A), p-mTOR, mTOR (B), p-4E-BP1, 4E-BP1
(O), p-SGK1, and SGK1 (D) were analyzed. Data were means * SD. n = 40 for normal group, n = 39 for GDM group. *P < 0.05
compared with normal group. Data were analyzed with one-way ANOVA followed by Bonferroni post hoc test.

the DMSO group (Fig. 3A). There was no significant dif-
ference in placenta weight between groups (Fig. 3C).

As compared with the control group, fetal blood glucose,
insulin, and leptin levels were dramatically upregulated in
all GDM groups (Fig. 3D-F). Interestingly, paconiflorin
(15 mg/kg and 30 mg/kg) administration profound atten-
uated fetal blood glucose, insulin, and leptin levels when
compared with the DMSO administration group.

Effect of maternal paeoniflorin diet on Akt/mTOR signaling
pathway

Similar to the changing pattern of fetal blood glucose, in-
sulin, and leptin levels in Fig. 3, the expression levels of
p-Akt, p-mTOR, p-4E-BP1, and p-SGK1 were robustly
increased in the placental tissues of all GDM groups
compared with the control group, as shown in Figs. 4A-D

4
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and 5A-D. Paeoniflorin (15 and 30 mg/kg) administration
markedly attenuated the p-Akt, p-mTOR, p-4E-BP1, and
p-SGK1 levels compared with the DMSO administration
group. The total Akt, nTOR, 4E-BP1, and SGK1 protein
expression levels were no difference between groups.

Discussion

Previous studies have shown that the increased
expression levels of p-Akt, p-mTOR, p-S6K, Adenosine
5’-monophosphate (AMP)-activated protein kinase
(p-AMPKa), and p-4E-BP1 were observed in gesta-
tional diabetic placentas, highlighting the importance of
Akt/mTOR signaling in GDM (22). Consistent with these
findings, we confirmed that the expression levels of p-Akt,
p-mTOR, p-4E-BP1l, and p-SGK1 were profoundly
upregulated in GDM placentas.
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Fig 2. Effects of administration of paeoniflorin on maternal characteristics of GDM rats. Fasting blood glucose (A) and insulin levels
(B) during the gestational period. Data were analyzed with two-way ANOVA followed by Bonferroni post hoc test. Maternal plasma
leptin (C) and weight gain (D) at GD21. Data were analyzed with one-way ANOVA followed by Bonferroni post hoc test. Data were
means * SD. n = 7 for each group. *P < 0.05, **P < 0.01 compared with control group, P < 0.05 compared with GDM group.
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Fig 3. Effects of administration of paeoniflorin on fetal characteristics of GDM rats. Litter size (A), body weight (B), placental
weight (C), fasting blood glucose (D), insulin levels (E), and fetal plasma leptin (F) were analyzed. Data were means = SD. n =7
for each group. *P < 0.05, **P < 0.01 compared with control group, *P < 0.05 compared with GDM group. Data were analyzed
with one-way ANOVA followed by Bonferroni post hoc test.
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Fig 4. Effects of administration of paeoniflorin on Akt/mTOR pathway in normal and GDM placental tissues of rats. Protein
levels of p-Akt, Akt (A, B), p-mTOR, mTOR (C, D) in placental tissues were detected by Western blot. Data were means * SD.
n =7 for each group. *P < 0.05, **P < 0.01 compared with control group, P < 0.05 compared with GDM group. Data were
analyzed with one-way ANOVA followed by Bonferroni post hoc test.

Because mTOR overactivation frequently occurs in the
tissues of obese mice and humans. It has been suggested
to play a vital role in the development of insulin resis-
tance and type 2 diabetes (23, 24). The rapamycin, a well-
known mTOR inhibitor, was widely tested in a number of
animal models to improve metabolic parameters (25, 26).
Unexpectedly, the rapamycin treatment shrank adipose
tissue size and impaired fB-cell function, causing deteriora-
tion of the metabolic profile (26, 27). One main reason is
that rapamycin has profound deleterious effects on p-cell
survival, proliferation, and function, and rapamycin may
promote peripheral insulin resistance (28). Thus, a new
method or strategy is urgently needed for the treatment of
metabolic diseases, including GDM.

We explored the potential therapeutical application of
paconiflorin on GDM treatment using an STZ-induced
diabetic rat model. Recent investigations of paconiflorin
suggested that paeoniflorin exhibited potent anti-inflam-
matory, antitumor, and immunoregulatory effects (16).

(page number not for citation purpose)

Furthermore, paconiflorin has been applied in preclinical
studies for the treatment of rheumatoid arthritis (29), pso-
riasis (30), and systemic lupus erythematosus (31). Impor-
tantly, a recent study reported that paeoniflorin treatment
led to reduced blood glucose levels, inhibited inflamma-
tory factors section, and attenuated glomerular hypertro-
phy in diabetic rats (32). Similar to this finding, another
study showed that paconiflorin exerts a protective effect
on vascular endothelial cells from hyperglycemia fluctu-
ation-induced injury through reducing inflammatory re-
action and oxidative stress (33). Our results demonstrated
that oral administration of paeoniflorin at 15 or 30 mg/
kg after mating and during the gestation significantly de-
creased the blood glucose and plasma leptin levels, and
increased the insulin levels in rats with GDM.

The effect of paeoniflorin on fetal characteristics has
never been investigated. Our study revealed that oral ad-
ministration of paeoniflorin also exerts positive effects
on maintaining normal fetal development. Paeoniflorin
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Fig 5. Effects of administration of paeoniflorin on proteins involved in mTOR pathway in normal and GDM placental tissues
of rats. Protein levels of p-4E-BP1, 4E-BP1 (A, B), p-SGK1, and SGK1 (C, D) in placental tissues were detected by Western blot.
Data were means *+ SD. n = 7 for each group. *P < 0.05 compared with control group, “P < 0.05 compared with GDM group.
Data were analyzed with one-way ANOVA followed by Bonferroni post hoc test.

treatment on GDM rats markedly reduced the fetal blood
glucose, insulin, and leptin levels to almost comparable
levels with these in normal fetuses. These results suggested
that paeoniflorin plays an important role in maintaining
the normal fetal growth in GDM rats.

The underlying molecular mechanism of paeoniflorin-
regulated GDM may relay on the fine-tuning of Akt/mTOR
signaling pathway. Accumulating evidence has revealed
that the Akt/mTOR signaling pathway plays a pivotal role
in paeoniflorin-mediated numerous biological functions,
such as arthritis, liver, and kidney diseases (34-36). For
example, Li et al. showed that paeoniflorin mitigated the
arthritis symptoms though the regulation of Akt/mTOR
signaling to reduce antibodies production by B lympho-
cytes in CIA rats (34). Similarly, another study exhibited
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that paeoniflorin suppressed Akt activation to decrease
Concanavalin A-induced IL-8 expression in human
hepatic sinusoidal endothelial cells (35). Consistently, Hu
et al. demonstrated that paeoniflorin blocked apoptosis of
chondrocyte via the inhibition of IL-1B-induced Akt phos-
phorylation and cysteine-aspartic proteases (caspase)-3
activation (36). In line with others’ findings, we demon-
strated a significant reduction of the expression levels of
phosphorylation, but not total, Akt, mTOR, 4E-BP1, and
SGKI1 in the placenta of GDM rats.

Although the current data are exciting and promising,
there is still a long way to go before these findings from
rat of GDM model be translated into human clinical trial.
For example, the optimal dose of paeoniflorin be used for
rat and human is different and need to be addressed; the
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pharmacokinetic/pharmacodynamic model of paeoniflo-
rin in GDM rat remains elusive; whether anti-inflamma-
tory and antiapoptosis effects of paeoniflorin are involved
in paeoniflorin-mediated alleviation of GDM symptoms,
and what is the side effect of paeoniflorin to rat and human.

Conclusion

Our findings indicated that overactivation of the Akt/
mTOR signaling pathway plays a vital role in GDM de-
velopment. Oral administration of paeoniflorin decreased
the blood glucose levels and body weight gain in both ma-
ternal and fetal rats. We further revealed that paeoniflorin
exerts beneficial effects on maintaining normal metabolic
characteristics of the GDM placenta through fine-tuning
of the Akt/mTOR signaling pathway. More animal exper-
iments and clinical trials are urgently needed to evaluate
the safety and efficacy of paeoniflorin for the treatment of
GDM patients.

Acknowledgments

None.

Conflict of interest and funding

The authors declare that they have no competing interests.
The current study was supported by Provincial Scientific
Research Funding.

Authors’ contribution

Yonghua Zhang, Yulin Liang, Huiqgiao Liu, Ying Huang,
and Hongmei Li performed the experiments, and ana-
lyzed and interpreted the data. Bo Chen was the major
contributor in writing the manuscript. All authors read
and approved the final manuscript.

References

1. Alfadhli EM. Gestational diabetes mellitus. Saudi Med J 2015;
36(4): 399-406. doi: 10.15537/sm;j.2015.4.10307

2. Plows JF, Stanley JL, Baker PN, Reynolds CM, Vickers MH.
The pathophysiology of gestational diabetes mellitus. Int J Mol
Sci 2018; 19(11): 3342. doi: 10.3390/ijms19113342

3. Damm P, Houshmand-Oeregaard A, Kelstrup L, Lauenborg
J, Mathiesen ER, Clausen TD. Gestational diabetes mellitus
and long-term consequences for mother and offspring: a view
from Denmark. Diabetologia 2016; 59(7): 1396-9. doi: 10.1007/
s00125-016-3985-5

4. Carreiro MP, Nogueira Al, Ribeiro-Oliveira A. Controver-
sies and advances in gestational diabetes-an update in the era
of continuous glucose monitoring. J Clin Med 2018; 7(2): 11.
doi: 10.3390/jcm7020011

5. Buchanan TA, Xiang AH, Page KA. Gestational diabetes
mellitus: risks and management during and after pregnancy. Nat
Rev Endocrinol 2012; 8(11): 639-49. doi: 10.1038/nrendo.2012.96

6. Gibbons JJ, Abraham RT, Yu K. Mammalian target of rapamy-
cin: discovery of rapamycin reveals a signaling pathway import-
ant for normal and cancer cell growth. Semin Oncol 2009; 36
(Suppl 3): S3-17. doi: 10.1053/j.seminoncol.2009.10.011

(page number not for citation purpose)

7. Weichhart T. Mammalian target of rapamycin: a signaling
kinase for every aspect of cellular life. Methods Mol Biol 2012;
821: 1-14. doi: 10.1007/978-1-61779-430-8_1

8. Marshall S. Role of insulin, adipocyte hormones, and nutri-
ent-sensing pathways in regulating fuel metabolism and energy
homeostasis: a nutritional perspective of diabetes, obesity, and
cancer. Science’s STKE: Signal Trans Knowl Environ 2006;
2006(346): re7. doi: 10.1126/stke.3462006re7

9. Yang X, Yang C, Farberman A, Rideout TC, de Lange CF,
France J, et al. The mammalian target of rapamycin-signaling
pathway in regulating metabolism and growth. J Anim Sci 2008;
86(14 Suppl): E36-50. doi: 10.2527/jas.2007-0567

10. Burton GJ, Fowden AL. The placenta: a multifaceted, transient
organ. Philos Trans R Soc Lond B, Biol Sci 2015; 370(1663):
20140066. doi: 10.1098/rstb.2014.0066

11. Gude NM, Roberts CT, Kalionis B, King RG. Growth and func-
tion of the normal human placenta. Thromb Res 2004; 114(5-6):
397-407. doi: 10.1016/j.thromres.2004.06.038

12. Jansson T, Aye IL, Goberdhan DC. The emerging role of
mTORCI signaling in placental nutrient-sensing. Placenta 2012;
33(Suppl 2): €23-9. doi: 10.1016/j.placenta.2012.05.010

13. Jansson N, Rosario FJ, Gaccioli F, Lager S, Jones HN, Roos S,
et al. Activation of placental mTOR signaling and amino acid
transporters in obese women giving birth to large babies. J Clin
Endocrinol Metab 2013; 98(1): 105-13. doi: 10.1210/j¢c.2012-2667

14. Fahlbusch FB, Hartner A, Menendez-Castro C, Nogel SC,
Marek I, Beckmann MW, et al. The placental mTOR-pathway:
correlation with early growth trajectories following intrauterine
growth restriction? J Dev Origins Health Dis 2015; 6(4): 317-26.
doi: 10.1017/S2040174415001154

15. Roos S, Powell TL, Jansson T. Placental mTOR links maternal
nutrient availability to fetal growth. Biochem Soc Trans 2009;
37(Pt 1): 295-8. doi: 10.1042/BST0370295

16. Tu J, Guo Y, Hong W, Fang Y, Han D, Zhang P, et al. The
regulatory effects of paeoniflorin and its derivative paeoniflo-
rin-6’-O-benzene sulfonate CP-25 on inflammation and im-
mune diseases. Front Pharmacol 2019; 10: 57. doi: 10.3389/
fphar.2019.00057

17. Zhu L, Sun S, Hu Y, Liu Y. Metabolic study of paeoniflorin and
total paeony glucosides from Paconiae Radix Rubra in rats by
high-performance liquid chromatography coupled with sequen-
tial mass spectrometry. Biomed Chromatogr BMC. 2018; 32(4):
e4141. doi: 10.1002/bme.4141

18. He DY, Dai SM. Anti-inflammatory and immunomodulatory
effects of Paeonia lactiflora Pall., a traditional chinese herbal med-
icine. Front Pharmacol 2011; 2: 10. doi: 10.3389/fphar.2011.00010

19. Zheng YQ, Wei W, Zhu L, Liu JX. Effects and mechanisms
of paeoniflorin, a bioactive glucoside from paeony root, on
adjuvant arthritis in rats. Inflamm Res 2007; 56(5): 182-8.
doi: 10.1007/s00011-006-6002-5

20. Shu JL, Zhang XZ, Han L, Zhang F, Wu YJ, Tang XY, et al.
Paeoniflorin-6’-O-benzene sulfonate alleviates collagen-induced
arthritis in mice by downregulating BAFF-TRAF2-NF-kappaB
signaling: comparison with biological agents. Acta Pharmacol
Sinica 2019; 40(6): 801-13. doi: 10.1038/s41401-018-0169-5

21. Zhao Y, Ma X, Wang J, Zhu Y, Li R, Wang J, et al. Paeoni-
florin alleviates liver fibrosis by inhibiting HIF-1lalpha through
mTOR-dependent pathway. Fitoterapia 2014; 99: 318-27.
doi: 10.1016/j.fitote.2014.10.009

22. Sati L, Soygur B, Celik-Ozenci C. Expression of mammalian
target of rapamycin and downstream targets in normal and ges-
tational diabetic human term placenta. Reprod Sci 2016; 23(3):
324-32. doi: 10.1177/1933719115602765

Citation: Food & Nutrition Research 2020, 64: 4362 - http://dx.doi.org/10.29219/fnrv64.4362


http://dx.doi.org/10.29219/fnr.v64.4362
https://dx.doi.org/10.15537/smj.2015.4.10307
https://dx.doi.org/10.3390/ijms19113342
https://dx.doi.org/10.1007/s00125-016-3985-5
https://dx.doi.org/10.1007/s00125-016-3985-5
https://dx.doi.org/10.3390/jcm7020011
https://dx.doi.org/10.1038/nrendo.2012.96
https://dx.doi.org/10.1053/j.seminoncol.2009.10.011
https://dx.doi.org/10.1007/978-1-61779-430-8_1
https://dx.doi.org/10.1126/stke.3462006re7
https://dx.doi.org/10.2527/jas.2007-0567
https://dx.doi.org/10.1098/rstb.2014.0066
https://dx.doi.org/10.1016/j.thromres.2004.06.038
https://dx.doi.org/10.1016/j.placenta.2012.05.010
https://dx.doi.org/10.1210/jc.2012-2667
https://dx.doi.org/10.1017/S2040174415001154
https://dx.doi.org/10.1042/BST0370295
https://dx.doi.org/10.3389/fphar.2019.00057
https://dx.doi.org/10.3389/fphar.2019.00057
https://dx.doi.org/10.1002/bmc.4141
https://dx.doi.org/10.3389/fphar.2011.00010
https://dx.doi.org/10.1007/s00011-006-6002-5
https://dx.doi.org/10.1038/s41401-018-0169-5
https://dx.doi.org/10.1016/j.fitote.2014.10.009
https://dx.doi.org/10.1177/1933719115602765

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Mao Z, Zhang W. Role of mTOR in glucose and lipid metabo-
lism. Int J Mol Sci 2018; 19(7); 2043. doi: 10.3390/ijms19072043
Ali M, Bukhari SA, Ali M, Lee HW. Upstream signalling of
mTORCI and its hyperactivation in type 2 diabetes (T2D). BMB
Rep 2017; 50(12): 601-9. doi: 10.5483/BMBRep.2017.50.12.206
Reifsnyder PC, Flurkey K, Te A, Harrison DE. Rapamycin treat-
ment benefits glucose metabolism in mouse models of type 2 di-
abetes. Aging 2016; 8(11): 3120-30. doi: 10.18632/aging. 101117
Kezic A, Popovic L, Lalic K. mTOR inhibitor therapy and met-
abolic consequences: where do we stand? Oxid Med Cell Lon-
gevity 2018; 2018: 2640342. doi: 10.1155/2018/2640342
Laplante M, Sabatini DM. mTOR signaling in growth control
and disease. Cell 2012; 149(2): 274-93. doi: 10.1016/j.cell.2012.
03.017

Barlow AD, Nicholson ML, Herbert TP. Evidence for rapamy-
cin toxicity in pancreatic beta-cells and a review of the under-
lying molecular mechanisms. Diabetes 2013; 62(8): 2674-82.
doi: 10.2337/db13-0106

Jia Z, He J. Paeoniflorin ameliorates rheumatoid arthritis in
rat models through oxidative stress, inflammation and cycloo-
xygenase 2. Exp Therap Med 2016; 11(2): 655-9. doi: 10.3892/
etm.2015.2908

Zhao J,DiT, Wang Y, Wang Y, Liu X, Liang D, et al. Paeoniflorin
inhibits imiquimod-induced psoriasis in mice by regulating Th17
cell response and cytokine secretion. Eur J Pharmacol 2016; 772:
131-43. doi: 10.1016/j.ejphar.2015.12.040

Wang S, Zhao X, Qiao Z, Jia X, Qi Y. Paeoniflorin attenuates
depressive behaviors in systemic lupus erythematosus mice.
Biomed Pharmacother Biomed Pharmacother 2018; 103: 248-52.
doi: 10.1016/j.biopha.2018.03.149

Shao YX, Xu XX, Wang K, Qi XM, Wu YG. Paconiflorin atten-
uates incipient diabetic nephropathy in streptozotocin-induced

Citation: Food & Nutrition Research 2020, 64: 4362 - http://dx.doi.org/10.292 | 9/fnrvé4.4362

33.

34.

3s.

36.

Paeoniflorin attenuates gestational diabetes

mice by the suppression of the Toll-like receptor-2 signaling
pathway. Drug Design Dev Ther 2017; 11: 3221-33. doi: 10.2147/
DDDT.S149504

Wang JS, Huang Y, Zhang S, Yin HJ, Zhang L, Zhang
YH, etal. A protective role of paeoniflorin in fluctuant
hyperglycemia-induced ascular endothelial injuries through
antioxidative and anti-inflammatory effects and reduction of
PKCbetal. Oxid Med Cell Longevity 2019; 2019: 5647219.
doi: 10.1155/2019/5647219

Li PP, Liu DD, Liu YJ, Song SS, Wang QT, Chang Y, etal.
BAFF/BAFF-R involved in antibodies production of rats with
collagen-induced arthritis via PI3K-Akt-mTOR signaling and
the regulation of paeoniflorin. J Ethnopharmacol 2012; 141(1):
290-300. doi: 10.1016/j.jep.2012.02.034

Gong WG, Lin JL, Niu QX, Wang HM, Zhou YC, Chen SY,
et al. Paeoniflorin diminishes ConA-induced IL-8 production
in primary human hepatic sinusoidal endothelial cells in the in-
volvement of ERK1/2 and Akt phosphorylation. Int J Biochem
Cell Biol 2015; 62: 93-100. doi: 10.1016/j.biocel.2015.02.017
Hu PF, Chen WP, Bao JP, Wu LD. Paeoniflorin inhibits
IL-1beta-induced chondrocyte apoptosis by regulating the
Bax/Bcl-2/caspase-3 signaling pathway. Mol Med Rep 2018;
17(4): 6194-200. doi: 10.3892/mmr.2018.8631

*Bo Chen

Department of Obstetrics and Gynecology
Heze Municipal Hospital of Shandong Province
No.2888 Caozhou Road

Heze 274000

Shandong, China

Email: chenbochenbo_1234@163.com

(page number not for citation purpose)


http://dx.doi.org/10.29219/fnr.v64.4362
https://dx.doi.org/10.3390/ijms19072043
https://dx.doi.org/10.5483/BMBRep.2017.50.12.206
https://dx.doi.org/10.18632/aging.101117
https://dx.doi.org/10.1155/2018/2640342
https://dx.doi.org/10.1016/j.cell.2012.03.017
https://dx.doi.org/10.1016/j.cell.2012.03.017
https://dx.doi.org/10.2337/db13-0106
https://dx.doi.org/10.3892/etm.2015.2908
https://dx.doi.org/10.3892/etm.2015.2908
https://dx.doi.org/10.1016/j.ejphar.2015.12.040
https://dx.doi.org/10.1016/j.biopha.2018.03.149
https://dx.doi.org/10.2147/DDDT.S149504
https://dx.doi.org/10.2147/DDDT.S149504
https://dx.doi.org/10.1155/2019/5647219
https://dx.doi.org/10.1016/j.jep.2012.02.034
https://dx.doi.org/10.1016/j.biocel.2015.02.017
https://dx.doi.org/10.3892/mmr.2018.8631
mailto:chenbochenbo_1234@163.com

