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Abstract
Gestational diabetes mellitus (GDM) is a temporary form of diabetes during pregnancy which influences the health of both
mother and child. Both inflammation and oxidative stress have been implicated in the pathophysiology of GDM. Apocynin,
acetophenone with anti-oxidative and anti-inflammation activities, has been shown to protect against insulin resistance. In the
current study, the effects of apocynin on GDM symptoms, productive outcomes, oxidative stress, and inflammation were
evaluated and the underlying mechanisms were explored. We administrated apocynin to GDM mice and monitored the GDM
symptoms including body weight, serum levels of glucose, insulin, lipid profile, and the fetal outcomes in GDM mice. We also
evaluated the effects of apocynin on placental oxidative stress, inflammation, and activation of TLR4/NF-κB signaling pathway
in GDMmice. Here, we reported that apocynin treatment significantly reduced serum levels of glucose, cholesterol, triglyceride,
and low-density lipoprotein in GDM mice, while significantly increased serum level of insulin and high-density lipoprotein.
Apocynin improved fetal outcomes in GDM mice. Apocynin ameliorated placental oxidative stress and inflammation and
inhibited TLR4/NF-κB signaling pathway activation in GDM mice. We concluded that apocynin suppressed oxidative stress
and inflammation in GDM by inhibiting the TLR4/NF-κB signaling pathway.
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Introduction

Gestational diabetes mellitus (GDM) is a type of diabetes in
women that occurs during pregnancy and usually disappears
shortly after giving birth. Symptoms which GDM manifests
with include gestational hypertension, insulin resistance, and
subclinical metabolic dysfunction [1]. Women with GDM are
also more likely to develop type 2 diabetes mellitus (T2DM)
and coronary heart disease post pregnancy. In addition, in-
creased fetal-maternal morbidity is associated with GDM

and the offspring of women with GDM are at increased risk
of developing diabetes and metabolic syndrome [2].

Decreased maternal insulin sensitivity and altered maternal
lipid metabolism have been implicated in GDM. In women
with GDM, exaggeration of the physiological changes in in-
sulin and lipids has been described. For example, in women
with GDM, serum triglycerides and low-density lipoprotein
cholesterol (LDL-C) were elevated while the high-density li-
poprotein (HDL) cholesterol level was significantly
decreased.

Several factors have been shown to contribute to the path-
ophysiology of GDM. When compared with normal pregnant
women, increased oxidative stress has been found in women
with GDM. The increased oxidative stress markers and de-
creased anti-oxidative defense are observed in GDM, which
could be causative factors in increasing the risk of congenital
anomalies [3, 4]. Toll-like receptor 4 (TLR4) is a member of
the TLR family of receptors and a key mediator of pro-
inflammatory responses. The activation of the TLR4 signaling
pathway leads to the production of pro-inflammatory
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cytokines through the activation of several transcription fac-
tors, including NF-κB, activated protein 1 (AP-1), and inter-
feron regulatory factors (IRFs) [5]. Enhanced expression of
TLR4 has been observed in patients with T2DM and GDM
[6, 7]. Enhanced expression/activation of the TLR4-MyD88-
NF-kB pathway also occurs in GDM placenta [8]. Pro-
inflammatory cytokines including interleukin-1β (IL-1β),
interleukin-6 (IL-6), and tumor necrosis factor-alpha (TNF-
a) have been shown to interfere with insulin signaling and
implicated in insulin resistance and GDM [4]. Therefore,
targeting these factors which have been implicated in GDM
could be used as a potential treatment to GDM.

Apocynin (4-hydroxy-3-methoxyacetophenone) is
acetophenone isolated from Picrorhiza kurroa roots.
Apocynin is a selective nicotine adenine dinucleotide phos-
phate (NADPH) oxidase inhibitor which has been shown to
suppress superoxide production in various cell types [9, 10]. It
has been shown that apocynin attenuated cerebral infarction
by suppressing NADPH oxidase activity and reducing the
production of superoxide [11]. Apocynin has also been de-
scribed to attenuate traumatic brain injury and neuronal dam-
age by suppressing TLR4/NF-κB signaling pathway–
mediated inflammation [12]. Taking the anti-oxidative and
anti-inflammation activities of apocynin into account, we hy-
pothesized that apocynin could play protective effects on
GDM. In the current study, we evaluated the effects of
apocynin on GDM using a GDM mice model.

Methods and Materials

Animals and Study Design

Six- to eight-week-old C57BL/KsJ+/+ (wild type) and
C57BLKsJdb/+ (db/+) mice were purchased from Jackson
Laboratories (Bar Harbor, ME, USA) and used as genetic
GDM model as described previously [13, 14]. All mice were
housed in a roomwith controlled temperature (22 °C), humid-
ity (50%), and 12/12 h light cycle and fed with chow diet
containing 29% protein, 48% carbohydrate, and 17% fat
(Envigo Teklad, USA). Apocynin (Sigma, St Louis, MO,
USA) was dissolved with dimethyl sulfoxide (DMSO). For
experimental design, female mice were randomly divided into
five experimental groups: wild type, ad libitum fed; db/+ pair-
fed, food intake of the ad libitum-fed wild-type was measured
daily, and the same amount of food was pair-fed to db/+ mice;
db/+ pair-fed + 5 mg/kg/day apocynin; db/+ pair-fed +
20 mg/kg/day Apocynin; db/+ pair-fed + 50 mg/kg/day
apocynin. Apocynin was administered to mice by oral gavage
throughout the entire span of the study. The dose of apocynin
used in the current study was followed using the previous
description [15, 16]. Wild-type and db/+ pair-fed group mice
were administrated with 100 μL corresponding DMSO in

saline as control. At 10–12 weeks of age, the female mice
were individually mated with males of the same genotype,
and mating was confirmed by the presence of a copulatory
plug the next morning, which was designated gestation day
(GD) 0. Sixteen pregnant female mice from each group were
selected for future study. All animal studies were approved by
the Ethical Committee of the Affiliated Hospital of Medical
School of Ningbo University.

Measurement of Body Weight, Serum Glucose,
and Insulin

Maternal body weight, blood glucose, and serum insulin were
measured on gestation day (GD) 18 in all 5 groups of mice.
Body weight was measured on a top-loading balance. Non-
fasting blood samples were obtained via tail venipuncture, and
serum glucose level was measured using the glucometer
(Roche, Indianapolis, IN, USA). Insulin Mouse ELISA Kit
(Thermo Fisher, Waltham, MA, USA) was used to measure
serum insulin level. The homeostasis model assessment for
insulin resistance (HOMA-IR) was calculated by dividing
the product of insulin (μU/mL) and glucose (mmol/L) by
22.5 as described previously [17]. The formula for
HOMA-β (HOMA for β-cell function) was insulin (μ-units/
ml) × 20/glucose(mmol/l) − 3.5 as described previously [18].

Lipid Profile Detection

OnGD 18, the serum was collected from all 5 groups of mice,
then the serum levels of total cholesterol (TCh), triglyceride
(TG), high-density lipoprotein (HDL), and low-density lipo-
protein (LDL) were detected using commercial kits from
Cayman Chemical (Ann Arbor, MI, USA). Atherogenic index
(AI) was calculated using the following equation: (total cho-
lesterol − HDL-cholesterol)/HDL-cholesterol.

Fetal Analysis

On GD18, pregnant mice were anesthetized and euthanized.
After cesarean section, the litter size was counted in combina-
tion with their location along the length of the respective uter-
ine horn. Viable fetuses were identified by virtue of the ability
to move, breathe, and weighed. Placentas from viable fetuses
were weighed and then further analyzed.

ELISA

Malondialdehyde (MDA), superoxide dismutase (SOD), glu-
tathione peroxidase (GPx), and glutathione (GSH) in the pla-
centa were measured by ELISA on GD18 using commercial
ELISA kits purchased fromAbcam (Shanghai, China) follow-
ing manufacture’s protocols. Serum levels of IL-1β, IL-6, and
TNF-αwere measured using ELISA kits from R&D Systems,
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Inc. (Minneapolis, MN, USA) following manufacture’s
protocols.

Quantitative Real-time PCR

Total RNA from the placenta was isolated using the RNeasy
Mini kit (Qiagen, Germantown, MD, USA) according to the
manufacturer’s protocols. SuperScript® III First-Strand
Synthesis System (Thermo Fisher, USA) was used for RNA
reverse-transcription. Real-time PCRwas performed using the
QuantiTect SYBR Green PCR Kit (Qiagen, USA) on a
QuantStudio 5 Real-Time PCR System (Thermo Fisher,
USA). The primers used in the current study were listed be-
low: IL-6: Forward 5′-CCTCTGGTCTTCTGGAGTACC-3′,
Reverse 5′-ACTCCTTCTGTGACTC CAGC -3′; IL-1β:
Forward 5′-CCTTCCAGGATGAGGACATGA-3′, Reverse
5′-TGAGTCAC AGAGGATGGGCTC-3′; TNF-α: Forward
5′-TACTGAACTTCGGGGTG ATTGGTCC-3′, Reverse 5′-
CAGCCTTGTCCCTTGAAGAGAACC-3′; TLR4: Forward
5′-CAGGTGGAA TTGTATCGCCT -3′, Reverse 5′-CGAG
GCTTTTCCATCCAATA-3′; GAPDH was used as the inter-
nal control. Forward 5′-ACCACAGTCCATGCCATCAC-3′
Reverse 5′- CACCACCCTGTTG CTGTAGCC-3′.

Western Blot

Total proteins from the placenta were extracted using the
ReadyPrep™ Protein Extraction Kit (Bio-Rad, Hercules,
CA, USA), and protein concentration was measured using
Bio-Rad Protein Assay (Bio-Rad, USA). A total of 30 μg
proteins were loaded onto sodium dodecyl sulfate–
polyacrylamide gel electrophoresis gel and transferred to
polyvinylidene fluoride membrane. The membranes were
blocked with 5% non-fat milk at room temperature for 1 h
and then incubated with primary antibodies overnight at
4 °C. The next day, membranes were washed with wash buffer
(Thermo Fisher, USA) for 3 times and then incubated with
corresponding HRP-conjugated secondary antibodies at room
temperature for 1 h. Primary antibodies used in the current
study were anti-TLR4 (Abcam, Cambridge, MA, USA),
anti-phospho-NF-κB p65 (Abcam, USA), anti-NF-κB p65
(Abcam, USA), and anti-GAPDH (Abcam, USA).
Immunoreactive proteins were detected by Clarity™
Western ECL Blotting Substrates (Bio-Rad, USA). The quan-
tities of signals were analyzed by using GS-900™ Calibrated
Densitometer (Bio-Rad, USA) and Image Lab software (Bio-
Rad, USA).

Statistical Analysis

All data were presented as mean ± standard deviation (SD).
Data were analyzed by one-way ANOVA test followed

Tukey’s post hoc test. The statistical difference was consid-
ered as significant when p value is less than 0.05.

Results

Apocynin Alleviated Gestational Diabetes Mellitus
Symptoms in GDM Mice

We did not observe any obvious side effects, including death
and weight loss reported below, in the GDMmice treated with
apocynin. First, we evaluated the effects of apocynin on GDM
symptoms by monitoring body weight, blood glucose, and
insulin level on GD18. As shown in Fig. 1a, on GD18, there
was no significant difference in body weight among all 5
groups of mice, indicating apocynin treatment did not affect
body weight at this time point. The GDM mice had signifi-
cantly elevated blood glucose level when compared with wild-
type mice on GD18 (Fig. 1b). Although 5 mg/kg apocynin
treatment only slightly decreased the blood glucose level in
GDM mice, both 20 and 50 mg/kg apocynin treatments sig-
nificantly decreased the blood glucose level in GDM mice. In
addition, 50 mg/kg treatment had a better effect of decreasing
blood glucose level than 20 mg/kg. This result indicated that
apocynin decreased blood glucose level of GDM mice in a
dose-dependent manner. We detected significantly decreased
serum insulin level in GDM mice when compared with wild-
type mice (Fig. 1c). Five milligrams per kilogram apocynin
treatment did not significantly increase the blood insulin level
in GDM mice while both 20 mg/kg and 50 mg/kg apocynin
treatment significantly increased blood insulin level. The
HOMA-IR was significantly increased in GDM mice when
compared with wild type mice (Fig. 1d). Treatment with 5, 20,
and 50 mg/kg apocynin did not change the HOMA-IR. GDM
mice had significantly decreased HOMA-β when compared
with wild-type mice. In contrast, treatment with 20 and
50 mg/kg apocynin significantly increased the HOMA-β
(Fig. 1e), indicating that apocynin treatment increased β cell
function. It is worth noting that apocynin treatment did not
affect the observed parameters above in the control mice in
our pilot study (data not shown). Taken together, our data
demonstrated that apocynin treatment decreased blood glu-
cose level, increased blood insulin level, and increased β cell
function, indicating that apocynin alleviated GDM symptoms
in GDM mice.

Apocynin Ameliorated Lipid Profile and Atherogenic
Index in GDM Mice

We next evaluated the effects of apocynin on serum lipid
profile in GDM mice. On GD18, blood serum levels of cho-
lesterol (TCh), triglyceride (TG), serum high-density lipopro-
tein (HDL), and serum low-density lipoprotein (LDL) were
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measured. GDMmice had significantly increased blood levels
of TCh (Fig. 2a), TG (Fig. 2b), and LDL (Fig. 2d) while had
significantly decreased HDL (Fig. 2c). Five milligrams per
kilogram apocynin treatment significantly decreased the blood
level of TCh while did not obviously affect TG, HDL, and
LDL levels in GDM mice. Both 20 mg/kg and 50 mg/kg
apocynin treatments significantly decreased blood levels of
TCh, TG, and LDL while significantly increased HDL level
and these effects were in a dose-dependent manner.
Correspondingly, the atherogenic index of GDM mice was
significantly higher than that of wild-type mice (Fig. 2e). All
3 different concentrations of apocynin treatments significantly
decreased the atherogenic index of GDM mice in a dose-
dependent manner. Collectively, our data demonstrated that
apocynin ameliorated lipid profile and atherogenic index in
GDM mice by decreasing TCh, TG, and LDL levels and in-
creasing HDL level.

Apocynin Improved Fetal Outcomes in GDM Mice

We continued to explore the potential effect of apocynin on
fetal outcomes in GDMmice. The GDMmice had significant-
ly decreased fetal alive rate (Fig. 3a), fetal weight (Fig. 3b),

crown-rump length (Fig. 3c), and placenta weight (Fig. 3d)
when compared with wild-type mice. Although 5 mg/kg
apocynin treatment did not obviously affect fetus alive rate,
fetal weight, and placental weight, it significantly increased
crown rump length. Twenty milligrams per kilogram apocynin
treatment did not obviously affect fetus alive rate while sig-
nificantly increased fetal weight, crown rump length, and pla-
cental weight. Fifty milligrams per kilogram apocynin treat-
ment significantly increased alive rate, fetal weight, crown
rump length, and placental weight. Therefore, our data
showed that apocynin improved fetal outcomes in GDMmice
in a dose-dependent manner.

Apocynin Suppressed Placental Oxidative Stress
in GDM Mice

As apocynin displayed the protective activities on GDM
symptoms in GDM mice, we continued to explore whether
apocynin affects placental oxidative stress, which has been
implicated in GDM pathophysiology. We analyzed the levels
of oxidative stress markers including MDA, a product of lipid
peroxidation, SOD and GPx, the antioxidant enzymes, and
GSH, a low molecular weight antioxidant in the placenta. As

Fig. 1 Apocynin alleviated
gestational diabetes mellitus
symptoms in pregnant db/+ mice.
Maternal body weight (a), blood
glucose (b), and serum insulin (c)
were measured on gestation day
(GD) 18 among indicated groups.
Homeostasis model assessment of
insulin resistance (HOMA-IR) (d)
and homeostasis model assess-
ment of β-cell function (HOMA-
β) (e) were calculated on GD 18.
Data are presented as mean ± SD.
*p < 0.05, **p < 0.01, and
***p < 0.001 between the indi-
cated two groups
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shown in Fig. 4, there were significantly increasedMDA level
(Fig. 4a) and significantly decreased levels of SOD (Fig. 4b),
GPx (Fig. 4c), and GSH (Fig. 4d) in placenta of GDM mice
when compared with that of wild type mice, indicating

obvious placental oxidative stress in GDM mice. In contrast,
5, 20, and 50 mg/kg apocynin treatments significantly de-
creased MDA level and increased SOD, GPx, and GSH levels
in the placenta of GDM mice in a dose-dependent manner,

Fig. 2 Apocynin ameliorated
biochemical indexes in
gestational diabetes mellitus mice
in the late stage of pregnancy.
Total serum cholesterol (TCh) (a),
serum triglyceride (TG) (b), se-
rum high-density lipoprotein
(HDL) (c), serum low-density li-
poprotein (LDL) (d), and athero-
genic index (e) were tested on GD
18 among indicated groups. Data
are presented as mean ± SD.
*p < 0.05, **p < 0.01, and
***p < 0.001 between the indi-
cated two groups

Fig. 3 Apocynin improved fetal
outcomes in gestational diabetes
mellitus mice. Fetus alive ratio
(a), fetal weight (b), crown-rump
length (c), and placenta weight (d)
were measured on GD 18 among
indicated groups. Data are pre-
sented as mean ± SD. *p < 0.05
and **p < 0.01 between the indi-
cated two groups
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when compared with non-treated GDMmice. Taken together,
our data demonstrated that apocynin suppressed placental ox-
idative stress in GDM mice.

Apocynin Attenuated Inflammation in GDM Mice

To evaluate the effect of apocynin on inflammation, we mon-
itored the levels of inflammatory cytokines including IL-1β,
IL-6, and TNF-α in both serum and placenta. We detected
significantly increased serum levels of IL-1β (Fig. 5a), IL-6
(Fig. 5b), and TNF-α (Fig. 5c) in GDMmice when compared
with wild-type mice. We also detected significantly increased
mRNA levels of IL-1β (Fig. 5d), IL-6 (Fig. 5e), and TNF-α
(Fig. 5f) in the placenta of GDMmice. Five, 20, and 50mg/kg
apocynin treatments significantly decreased both protein
levels in serum and mRNA levels in the placenta of these
inflammatory cytokines in a dose-dependent manner. Taken
together, our data demonstrated that apocynin attenuated in-
flammation in GDM mice.

Apocynin Inhibited Activation of TLR4/NF-κB
Signaling Pathway in GDM Mice

Finally, we explored the potential effects of apocynin on the
TLR4/NF-κB signaling pathway, which had been also impli-
cated in GDM [8]. We detected significantly increased protein
and mRNA level of TLR4 in the placenta of GDMmice (Fig.
6a, c). Five, 20, and 50 mg/kg apocynin treatments signifi-
cantly decreased both protein and mRNA levels of TLR4 in
the placenta in a dose-dependent manner. In the placenta of
GDM mice, the NF-κB p65 was activated as we detected
significantly increased phosphor-NF-κBwhen compared with
wild-type mice. Five, 20, and 50 mg/kg apocynin treatments
significantly decreased NF-κB p65 phosphorylation in the

placenta in a dose-dependent manner, while did not affect total
NF-κB p65 protein (Fig. 6b) and mRNA level (Fig. 6d).
Collectively, our data demonstrated that apocynin inhibited
the activation of the TLR4/NF-κB signaling pathway in
GDM mice.

Discussion

Nowadays there are around 10% of pregnancies that are af-
fected by GDM, which causes maternal diabetic symptoms
and abnormal fetal development. GDM is linked to both
short-term and long-term adverse health outcomes in women
and their offspring and represents a growing health concern.
For instance, women with GDM have an increased risk for
gestational hypertension and pre-eclampsia during pregnancy
and an exceptionally high risk for type 2 diabetes after preg-
nancy [19]. Children born after pregnancies with GDM are
more likely to have birth defects, and there is evidence to
suggest that they are also at higher risk of developing child-
hood obesity [20]. Therefore, prevention of GDM could be
useful in curbing the obesity and diabetes epidemic in this and
future generations.

In the current study, we evaluated the potential of apocynin
for GDM treatment. Using a GDM mice model, we demon-
strated that the administration of apocynin in GDMmice ame-
liorated GDM symptoms in GDMmice, including decreasing
blood glucose level; increasing serum insulin level; decreasing
the TCh, TG, and LDL levels; and increasing HDL level. In
addition, apocynin improved fetal outcomes in GDM mice,
including increasing fetal alive rate, fetal weight, crown-rump
length, and placental weight. All these results indicated that
apocynin was protective in GDM mice, suggesting apocynin
could be used as a potential therapeutic agent to treat GDM.

Fig. 4 Apocynin attenuated
placental oxidative stress in
gestational diabetes mellitus
mice. ELISAwas used to analyze
the activities of MDA (a), SOD
(b), GPx (c), and GSH (d) in the
placenta on GD 18 among
indicated groups. Data are
presented as mean ± SD.
*p < 0.05 and **p < 0.01 between
the indicated two groups
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Apocynin has been used as an efficient inhibitor of the
complex NADPH-oxidase in many experimental models.
The anti-oxidative and anti-inflammation activities of
apocynin have been well studied [21, 22]. By exploring the
mechanisms through which apocynin ameliorated GDM
symptoms, we found that apocynin significantly suppressed
placental oxidative stress and inflammatory cytokines (IL-1β,
IL-6, and TNF-α) production in GDMmice. Furthermore, we
found that apocynin inhibited the upregulation of TLR4 and
activation of NF-κB in GDM mice.

Elevated oxidative stress is found in GDM women, which
has been shown to be conducive to insulin resistance, β cell
dysfunction, and glucose intolerance. In the current study,
significantly decreased anti-oxidative factors including SOD,
GPx, and GSH were found in GDMmice. In contrast, admin-
istration of apocynin in GDMmice significantly enhanced the
levels of these oxidative factors. Our results were consistent

with previous reports. Meng and colleagues demonstrated that
in high-fat-diet (HFD) mice, apocynin treatment significantly
lowered the serum level of MDA and increased serum level of
SOD. Apocynin treatment also strengthened the anti-oxidative
system with increased activity of GPx and content of reduced
GSH. These activities contributed to the amelioration of insu-
lin resistance in HFD-fed mice [22].

Placental inflammation has been observed in women
with GDM and plays a central role in insulin resistance
in these pregnancies [23]. Increased pro-inflammatory cy-
tokines including IL-1β , IL-6, IL-8, TNF-α, and
monocyte-chemoattractant-protein-1 (MCP-1) have been
shown to be associated with GDM. As these cytokines
could interfere with insulin signaling, these cytokines
have also been implicated in insulin resistance in type 2
diabetes mellitus (T2DM). IL-1β has been shown to in-
duce insulin resistance in adipocytes by downregulating

Fig. 5 Apocynin suppressed serum and placental inflammation in
gestational diabetes mellitus mice. ELISA was used to analyze the
concentrations of IL-1β (a), IL-6 (b), and TNF-α (c) in serum from
indicatedmice onGD18. RT-PCRwas used to analyzed themRNA levels

of IL-1β (d), IL-6 (e), and TNF-α (f) in the placenta from indicated mice
on GD18. Data are presented as mean ± SD. *p < 0.05, **p < 0.01, and
***p < 0.001 between the indicated two groups
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insulin receptor substrated-1 expression [24]. TNF-α
could inhibit the phosphorylation of the insulin receptor
and decrease the glucose transporter-4 expression, which
contributes to insulin resistance [25, 26]. IL-6 has been
shown to inhibit insulin receptor (IR) signal transduction
and insulin action in both mouse and the human hepato-
cytes [27]. In the current study, all of these three cyto-
kines were significantly upregulated in GDM mice, while
apocynin treatment significantly decreased these cyto-
kines level. The anti-inflammation activity of apocynin
was well studied too. Kim et al. demonstrated that
apocynin inhibited the production of pro-inflammatory
cytokines including TNF-α, IL-1β, and IL-6 in experi-
mental asthma mice [28]. Apocynin also inhibited the ex-
pression of TNF-α, IL-6, MCP-1, and leptin in adipose
tissue, which contributed to the improvement of insulin
resistance in HFD-fed mice [29].

TLR4 has been shown to be a potential molecule func-
tion in IR. Enhanced expression of TLR4 has been ob-
served in T2DM as well as GDM [8]. A recent study
suggested that TLR4 and downstream pathways (MAPK
and NF-κB) are important in the pathogenesis of IR [30].
In the current study, we observed enhanced TLR4 expres-
sion and NF-κB activation in GDM mice. Apocynin has
been shown to inhibit the TLR4/NF-κB signaling

pathway. Nam and colleagues demonstrated that apocynin
attenuated LPS-induced TLR4/ NF-κB activation and
downstream inflammatory cytokines production [31].
Our study confirmed the inhibitory activities of apocynin
on TLR4/NF-κB activation. In apocynin-treated GDM
mice, the expression levels of TLR4 and active NF-κB
were significantly reduced. The activation of TLR4/
NF-κB resulted in inflammatory cytokines production.
Therefore, the inhibition of TNF-α, IL-1β, and IL-6 by
apocynin in GDM mice could be caused by the suppres-
sion of TLR4/NF-κB activation by apocynin.

One important point in the current study we would
point out is that although apocynin suppressed inflamma-
tion in GDM mice, it did not totally prevent or abolish
them as GDM mice still got higher levels of inflammation
when compared with normal mice. One possibility is that
the bioavailability of apocynin in the current study is not
high. Careful analysis of apocynin pharmacokinetic
should provide us useful information. Another point is
the safety of apocynin. Now, the safety data of apocynin
are scarce and limited studies showed the low toxicity and
high stability of apocynin. The safety of apocynin in preg-
nancy is never described. It is still unknown whether
apocynin could cross the placenta. The long-term effects
of apocynin on the fetus still need to be explored.

Fig. 6 TLR4/NF-κB signaling pathway participates in the protective
effects of apocynin on gestational diabetes mellitus mice. Western
blotting was used to assay the protein expressions of TLR4 (a) and p-
p65 and p65 (b) in the placenta from indicated mice on GD18. GAPDH
was used as a loading control and relative expressions were normalized to

wild-type group. RT-PCR was used to analyze the mRNA level of TLR4
(C) and p65 (D) in the placenta from indicated mice on GD18. Data are
presented as mean ± SD. *p < 0.05, **p < 0.01, and ***p < 0.001 be-
tween the indicated two groups
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Conclusion

Taken together, our current study demonstrated that apocynin
suppressed oxidative stress and inflammation in GDM by
inhibiting the TLR4/NF-κB signaling pathway.
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