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Cerebral venous thrombosis (CVT) often causes human depression, whereas

depression-induced low immunity makes the patients susceptible to gastrointestinal

infection. Blueberry possesses antidepressant properties which may improve

autoimmunity and reduce gastrointestinal infection. Brain-derived neurotrophic factor

(BDNF) performs antidepressant function and can be regulated by miR-155, which

may be affected by blueberry. To explore the possible molecular mechanism, blueberry

compounds were analyzed by high-performance liquid chromatography. Activity of

compounds was tested by using HT22 cells. The present study tested 124 patients

with CVT-induced mild-to-moderate depressive symptoms (Center for Epidemiologic

Studies—Depression Scale [CES-D] ≥16) and gastrointestinal infection. Patients were

randomly assigned to blueberry extract group (BG, received 10mg blueberry extract

daily) and placebo group (PG, received 10mg placebo daily). After 3 months, depression,

gastrointestinal infection and lipid profiles were investigated. Serum miR-155 and BDNF

were measured using real-time quantitative polymerase chain reaction and or Western

Blot. Blueberry treatment improved depressive symptoms and lipid profiles, and also

reduced gastrointestinal infection in the BG group (P < 0.05) but those of the PG

group (P = 1). These changes were paralleled by increase in serum levels of BDNF

and miR-155 (P < 0.05). HPLC analysis showed that blueberry extracts were the main

phenolic acids with 0.18, 0.85, 0.26, 0.72, 0.66, 0.4,1, and 1.92 mg/g of gentisic acid,

chlorogenic acid, [2]-epicatechin, p-coumaric acid, benzoic acid, p-anisic acid, and

quercetin in blueberry extracts, respectively. Phenolics in blueberry are possible causal

agents in improving antidepressant activity and reducing gastrointestinal infection.

Administration of blueberry increased BDNF expression and miR-155. Blueberry cannot

affect BDNF level when miR-155 is overexpressed or inhibited. Phenolics from blueberry

reduced gastrointestinal infection of patients with CVT by improving antidepressant

activity via upregulation of miR-155-mediated BDNF.
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INTRODUCTION

Cerebral venous thrombosis (CVT) is an arterial disease, and it
often results in cerebral infarction and even potential morbidity.
Thrombosis may result in mental retardation (Lohiya et al.,
2005), which is often associated with long-term depression
(Niere et al., 2012). Depression is linked with some autoimmune
diseases (Benros, 2016), which can increase incidence of bacterial
infection (Alam et al., 2014).Epidemiological studies strongly
suggest a link between depression and thrombosis (Stein et al.,
2017).Mental depressionmay cause gastrointestinal disturbances
(Ledochowski et al., 2000), whereas pathogens may increase
in numbers and infect or invade tissue. The association of
depressant symptoms with gastrointestinal infection remains
unclear. Chronic psychological stress is assumed to be related to
the diseases in which the immune activity fails to exert protecting
functions. Chronic stress may also result in bacterial infection
(Kiank et al., 2006).

On the other hand, gastrointestinal infection is often
associated with thrombotic events (Altamirano et al., 2010).
As reported in literature, infection can cause hemostatic
abnormalities (Choi et al., 2004; Levi et al., 2012), which
can lead to thrombotic complications or intravascular
coagulation (Cummins et al., 2001; Asakura et al., 2006).
Intestinal inflammation may activate coagulation (Schoots et al.,
2004). Thrombin is associated with blood coagulation and its
dysregulation may result in hemostatic abnormalities, which
range from subtle subclinical to life-threatening coagulopathies
(Danckwardt et al., 2013). Proinflammatory cytokines and
immune cells also exert differential effects on the coagulation and
fibrinolysis (Daubie et al., 2006; Pang et al., 2016). In some cases,
some infections may cause hemorrhagic fever or thrombotic
microangiopathy.

Phenolic-rich food was proven effective in antidepressant
treatment (Chang et al., 2016; Sawamoto et al., 2016). Benefits of
phenolics in human health have been well-known. Abundance of
flavonoid-derived products in the gastrointestinal tract has been
reported to contribute to health benefits of phenolics (Goto et al.,
2012; Wang et al., 2015).

Phenolics and their metabolites have been found to transverse
blood-brain-barrier and exhibit neuropharmacological
properties (Shen et al., 2015; Lan et al., 2016). For instance,
blueberry has been shown to increase brain-derived neurotrophic
factor (BDNF) (Williams et al., 2008; Rendeiro et al., 2012).
Considerable evidence suggests that BDNF plays a key role
in antidepressant treatment (Wang et al., 2017). On the other
hand, an earlier report has shown that miR-155 is a target
of inflammatory mediators and associated with psychiatric
and neurodevelopmental disorders (Thounaojam et al., 2014).
Furthermore, miR-155 has been found to be a novel regulator
of BDNF (Varendi et al., 2014). Thus, miR-155 may affect
depressant situation of patients via BDNF.

Above information suggest that CVT often causes human
depression, whereas depression-induced low immunity makes
the patients susceptible to gastrointestinal infection. BDNF
performs antidepressant function and can be regulated by miR-
155. Blueberry may improve depression-induced autoimmunity

disorder and reduce gastrointestinal infection by affecting
BDNF level via miR-155. To explore the possible molecular
mechanism, the effects of blueberry juice on the depression and
gastrointestinal infection investigated here. Meanwhile, the main
bioactive compounds of blueberry juice were measured here.

MATERIALS AND METHODS

Materials
Antibodies anti-glyceraldehyde 3-phosphate dehydrogenase
(GAPDH), anti-BDNF and horseradish peroxidase-conjugated
goat anti-rabbit secondary antibody were purchased from
Abcam. ECL reagent and Hyperfilm ECL were purchased
from Amersham Biosciences (Amersham, UK). Pure standards
of phenolics and phenolic acid standards, gallic acid (Cat.
No. 7384), gentisic acid (Cat. No. G5129), (1)-catechin (Cat.
No. C0567), chlorogenic acid (Cat. No. C3878), caffeic acid
(Cat. No. C0625), (2)-epicatechin (Cat. No. 855235), p-coumaric
acid (Cat. No. C9008), sinapic acid (Cat. No. D7927), benzoic
acid (Cat. No. B3250), p-anisic acid (Cat. No. A0631), myricetin
(Cat. No. M6760), 3,4,5-trimethoxycinnamic acid (Cat. No.
T70408), and quercetin (Cat. No. Q4951) were purchased from
Sigma. High-performance liquid chromatography (HPLC)-grade
trifluoroacetic acid and methanol were purchased from Sigma.

Blueberry Extracts
Blueberry powder was prepared as follows: fresh blueberries were
purchased from local supermarkets. Then, 100 g blueberry fruits
were blended by using a blender (DS-1, Shanghai. Precision
Instruments Co., Ltd, Shanghai, China). The fresh juice was
filtered by using a Whatman #2 (Whatman Inc.; Florham, NJ,
USA) under vacuum. Clear juice was freeze-dried and powdered
by using a miller. A dried powder sample (5 g) was extracted
with 50ml 80% methanol at 30◦C for 1 day in a THZ-Q shaking
incubator (HZQ-F, Harbin Donglian Electronic Technology
Development Co., LTD., Harbin, China) at 100 r/min. The
extracts were collected via centrifugation at 10,000 rpm for half
an hour and filtered via a Millipore filter (0.22µm) at room
temperature.

HPLC Analysis
Standard stock solution (gallic acid, gentisic acid, [1]-catechin,
chlorogenic acid, caffeic acid, [2]-epicatechin, p-coumaric acid,
sinapic acid, benzoic acid, p-anisic acid, myricetin, 3,4,5-
trimethoxycinnamic acid and quercetin) was prepared in
methanol at concentrations of 0.2–1mg/mL, and filtered through
a membrane filter (0.45mm). Phenolic compounds in blueberry
extracts were analyzed using an reversed-phase HPLC with a
Waters 600 pump controller equipped with an Eclipse XDB-C18
reversed-phase column (25 cm × 4.6mm ID × 5µm) (Supelco;
Sigma-Aldrich Co.). Compounds were eluted with amobile phase
solvent A (ddH2O, pH 2.5 with trifluoroacetic acid) and solvent
B (methanol). Gradient elution step started with 100% solvent
A at 0min until 50% solvent A and 50% solvent B for 40min.
Flow rate was 1.0 mL/min. The detection wavelength was set at
four different UV wavelengths, 280, 320, and 370 nm because the
compound mixtures have different UV spectra.
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HPLC Analysis of Phenolic Contents in
Blueberry Extracts
Phenolic contents in blueberry extracts were identified by using
corresponding standards. Standard cures were made as follows:
standard concentration was chosen based on final testing of
phenolic contents in blueberry juice within the linear range.
Regression equation was calculated by using peak area as Y
(vertical axis), and the concentration as X (horizontal axis).
Each compound was calculated correspond to the standard curve
after detecting HPLC peak area and substituting corresponding
standard curve equation.

Inclusion Criteria
The following inclusion criteria were used: (1) patients
diagnosed with CVT based mainly on clinical manifestations
and neuroimaging method; (2) diagnosis of hypertension and
or chronic hypertension; (3)depressive symptoms measured with
a total score ≥ 16 on the 20-item Center for Epidemiologic
Studies—Depression Scale (CES-D) (Macedo et al., 2017;
Siddaway et al., 2017); (4) Clostridium difficile, Campylobacter
spp., Aeromonas spp., Plesiomonas shigelloides, and Shigella
spp., and mixture organisms isolated from gastrointestinal tract
tissue or drainage fluid; and (5) endoscopic findings indicating
infection.

Exclusion Criteria
The following exclusion criteria were used: (1) current psychiatric
symptoms that necessitated treatment as determined by clinical
interview; (2) presence of a major medical problem; (3)
undergoing medication that can affect gastrointestinal infection,
CVT, and depression symptoms; (4) current involvement in
weight loss or psychotherapy; and (5) pregnancy.

Patients Grouping
Before experiments, all procedures were approved by the ethical
committee of the First Hospital of Jilin University. Informed
consent was obtained in writing from all patients. A total of
124 patients were selected after excluding the patients did not
pass selection criteria. Final selected patients were randomly and
evenly assigned into two groups: blueberry extract group (BG,
n = 62, received 10mg of blueberry extract daily) and placebo
group (PG, n = 62, received placebo daily, Figure 1). Follow-up
period was 6 weeks.

Measurement of Depression Symptoms
Depression symptoms were measured by a total score ≥ 16
on the 20-item CES-D. Effects of blueberry on depressant
symptoms were measured between BG and PG groups. Severity
of depression symptoms of CVT patients were compared by
using CES-D scores.

Lipid Profile Measurement
Serum lipid profile (triglycerides (TG), total cholesterol (TC),
low-density lipoprotein cholesterol (LDL-C), and high-density
lipoprotein cholesterol (HDL-C)), which is closely associated
with CVT progression, was measured. Serum concentration
of TG was measured by immunometric assay (Immulite 2000

Thyroglobulin; Diagnostic Products, Los Angeles, CA, USA).
Serum concentration of TC was measured by using an automated
clinical chemistry analyzer kit (Biosino Biotech, Beijing, China).
HDL-C was measured by using an automated chemistry analyzer
(Hitachi, Tokyo, Japan). Serum concentration of LDL-C was
measured by using a LDL-cholesterol kit (Sekisui Medical
Co., Ltd., Tokyo, Japan). Serum malondialdehyde (MDA) was
analyzed by using a MDA kit in Nanjing Jiancheng Institute of
Biotechnology (Nanjing, China).

CVT Measurement
Venous thrombi were detected with computed tomography (CT)
venography. Brain CT was carried out in a CT 64-slice multi-
detector row CT scan (Toshiba Medical Systems Corporation,
Otawara, Tochigi, Japan). CT images were obtained with 2.5mm
thickness via the posterior fossa with 5mm section thickness via
supratentorial hemispheres.

Measurement of Gastrointestinal Infection
Gastrointestinal infection was first observed by endoscopy. After
determination, stool specimens were received by our laboratory
and were submitted with orders by providers of stool culture.
Genome from the specimen aliquots was extracted by using
Genomic DNA purification kit (Promega, Madison, WI, USA)
according to manufacture’s instruction. Bacterial species were
identified by using rRNA gene bidirectional sequencing.

Western Blot
Protein was extracted by using Protein Extraction Kit (Millipore,
Bedford, MD, USA) according to manufacturer’s protocol.
Protein concentration was determined by using a BCA protein
concentration determination Kit (Beyotime, Beijing, China).
Samples were incubated for 10min at 95◦C in boiling buffer
(50mM Tris, pH 8.8, 1% sodium dodecyl sulfate (SDS); 5%
2-mercaptoethanol, 10% glycerol, and 0.002% bromophenol
blue). Protein samples were run on12% SDS- polyacrylamide
gel electrophoresis (PAGE) and then transferred to nitrocellulose
membranes. Membranes were then blocked with 5% nonfat milk
(w/v) and incubated with rabbit anti-human anti-BDNF (1:1,000)
or anti-GAPDH (1:3,000); and a goat anti-rabbit secondary
antibody. Bands were analyzed with software Image J. 1.42q
(National Institutes of Health, United States). GAPDH was used
to normalize BDNF protein levels.

Cell Culture
HT22 hippocampal cells were purchased from American Type
Culture Collection ATCC and were cultured in Dulbecco’s
Modified Eagle Medium (DMEM) with 10% fetal bovine serum
(FBS), 100µg/ml streptomycin, and 100µg/ml penicillin in 5%
CO2 at 37

◦C. HT22 cells were transfected with miR-155 mimics
and inhibitors (synthesized by Shanghai Sangon Biological
Engineering Technology & Services Co., Ltd., Shanghai, China)
by using Lipofectamine (Thermofisher, MA, USA). Cells were
treated with 200µg/ml filtered and sterilized blueberry juice.

Statistical Analysis
For immunoblot data, statistical comparisons were carried
out using to one-way ANOVA with the diet group as the
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FIGURE 1 | The flowchart of the present study.

main factor. Correlation coefficients were calculated using
Pearson product-moment correlation coefficient. All the data
were expressed as mean ±standard deviation (S.D.) and
analyzed using SPSS version 20.0 (SPSS Inc., Chicago, IL,
USA).

RESULTS

Blueberry Juice Is Rich in Phenolics
For HPLC analysis, the maximum absorption of phenolic
compounds is at 280 nm for gallic acid, [1]-catechin, [2]-
epicatechin, benzoic acid and p-anisic acid; 320 nm for
p-coumaric acid, gentisic acid, chlorogenic acid, sinapic acid and
3,4,5-trimethoxycinnamic acid; and 370 nm for myricetin and
quercetin (Figure 2A). HPLC analysis showed that blueberry
extracts are the main phenolic acids (Figure 2B, gentisic
acid, chlorogenic acid, [2]-epicatechin, p-coumaric acid,
benzoic acid, p-anisic acid, and quercetin) compared with
standard (Figure 2A). Table 1 showed 7 kinds of phenolic
compounds detected by HPLC via standards. Detection
response values of standard solution had a good linear
relationship between phenolic concentration and HPLC
peak area, and the limit of detection are low, suggesting
that this method is very sensitive. There are 0.18, 0.85, 0.26,
0.72, 0.66, 0.41, and 1.92 mg/g of gentisic acid, chlorogenic
acid, [2]-epicatechin, p-coumaric acid, benzoic acid, p-
anisic acid, and quercetin in blueberry extracts, respectively
(Table 1).

Baseline Clinical Characteristics
Table 2 showed baseline clinical characteristics among all
CVT patients with gastrointestinal infection. No statistically
significant difference was observed in body mass index (BMI),
daily food intake, baseline depressive symptom severity, and
demographic characteristics between BG and PG groups
(P > 0.05).

Blueberry Improves Depressive Symptoms
of CVT Patients
As shown in Figure 3, all outcomes improved significantly
between baseline and subsequent follow-ups in the BG group
(P < 0.05) but the PG group (P > 0.05). Improvements
from baseline to 3 months included the following: CES-D
from mean (S.D.) of 36.58 (6.54) to 18.76 (9.28) (P < 0.001)
in the BG group. Comparatively, the PG group showed no
improvement from baseline to 3 months: CES-D from mean
(S.D.) of 37.29 (7.13) to 36.54 (7.98) (P > 0.05). All patients
did not use antidepressants or psychotherapy during these 3
months. After 3-month therapy, CES-D scores for depressant
symptoms were reduced 48.7% when compared with before
therapy in the BG group. Comparatively, there was no change
for the CES-D scores for depressant symptoms in the PG
group.

CT Venography Analysis of CVT Patients
CT venography is a rapid, simple, and accurate technique for
detecting CVT. The technique provides detailed information
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for CVT measurement. All patients were diagnosed with
CVT as indicated by arrows in Figure 4. One disadvantage
of CT venography is difficulty in reconstructing maximum
intensity projection image from image data, which
require the subtraction of bone adjacent to the venous
sinus.

FIGURE 2 | HPLC analysis of blueberry compounds. (A) phenolic acid

standards mixture, 1 gallic acid, 2 gentisic acid, 3 (1)-catechin, 4 chlorogenic

acid, 5 caffeic acid, 6 (2)-epicatechin, 7 p-coumaric acid, 8 sinapic acid, 9

benzoic acid, 10 p-anisic acid, 11 myricetin, 12 3,4,5-trimethoxycinnamic acid

and 13 quercetin. (B) compounds from blueberry juice. 2 gentisic acid, 4

chlorogenic acid, 6 (2)-epicatechin, 7 p-coumaric acid, 9 benzoic acid, 10

p-anisic acid and 13 quercetin. The detection wavelength was set at three

different UV wavelengths, 280, 320, and 370 nm.

Blueberry Reduces the Cases of
Gastrointestinal Infection
Before therapy, no statistically significant difference was noted
between BG and PG groups (P > 0.05). Gastrointestinal
symptoms were mainly caused by infection with Clostridium
difficile, Campylobacter spp., Aeromonas spp., Plesiomonas
shigelloides, and Shigella spp., and mixture infection. After
3 months of blueberry therapy, the BG group presented
lower cases of gastrointestinal infection than the PG group
(P < 0.05, Table 3). After 1-month therapy, gastrointestinal
infection rates were reduced by 33.9% in the BG group
while the rates were only reduced by 8.1% in the PG group.
After 2-month therapy, gastrointestinal infection rates were
reduced by 74.2% in the BG group while the rates were
reduced by 16.1% in the PG group. After 3-month therapy,
gastrointestinal infection rates were reduced by 83.9% in the
BG group while the rates were reduced by 21.0% in the PG
group.

Blueberry Fails to Inhibit Bacterial
Pathogens
Blueberry may inhibit gastrointestinal infection via inhibition of
pathogens. To explore this possibility, the effects of blueberry
on the growth of pathogens isolated from CVT patients
were measured here. However, blueberry failed to inhibit the
growth of bacterial pathogens even after using 10 mg/ml
blueberry juice was used. Thus, blueberry extract cannot
inhibit pathogens Clostridium difficile, Campylobacter spp.,
Aeromonas spp., Plesiomonas shigelloides, and Shigella spp., and
mixture infection directly even high concentration was used
(data were not shown). However, gastrointestinal infection can
be inhibited by blueberry via improvement of autoimmune
activity.

Blueberry Improves Lipid Profiles of CVT
Patients
Long-term blueberry consumption improved lipid profile in
CVT patients from the BG group when compared with PG
group. In the BG group, serum levels of TG, TC, LDL-C,
and MDA decreased, whereas serum level of HDL-C changed
after 1 month (Table 4). However, no statistically significant

TABLE 1 | HPLC analysis of phenolic contents in blueberry extracts.

Phenolics Regression equation r Linear range (mg/L) RSD/% (n = 3) LOD (mg/L) Blueberry extracts (mg/g)

Gentisic acid y = 8,435x + 9.9639 0.999 8 2.58∼42.6 1.732 0.420 0.18

Chlorogenic acid y = 23,250x − 27.688 0.999 4 3.26∼ 37.4 2.20 0.48 0.85

(2)-epicatechin y = 25,734x + 0.622 0.999 3 2.43∼41.5 3.22 0.35 0.26

p-coumaric acid y = 63,528x − 55.559 0.999 9 3.21∼52.5 1.55 0.61 0.72

Benzoic acid y = 12,723x − 6.7917 0.999 6 1.56∼52.0 3.56 0.26 0.66

p-anisic acid y = 58,236x − 41.969 0.999 2 2.70∼46.0 1.28 0.50 0.41

Quercetin y = 69,496x − 45.792 0.998 7 1.40∼47.5 0.42 0.23 1.92

r, correlation coefficient; RSD, relative standard deviation (RSD); and LOD, limit of detection. Regression equation was calculated by using peak area as Y (vertical axis), and the

concentration as X (horizontal axis). Each compound was measured according to the standard curve by substituting corresponding standard curve equation.
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TABLE 2 | The baseline clinical characters of two groups.

Characteristic BG (n = 62) PG (n = 62) P-values

DEMOGRAPHIC

Age (years) 33.2 (11.6) 34.8 (10.9) 0.24

Male/female 26/36 27/35 0.86

RACES

Han 57 56 0.72

Man 4 5 1.00

Meng 1 1 1.00

ANTHROPOMETRIC

BMI (kg/m2) 32.7 (2.8) 31.3 (1.9) 0.14

Body fat,% 43.4 (5.7) 44.8 (6.8) 0.23

DEPRESSIVE SYMPTOMS

CES-D score 36.58 (6.54) 37.29 (7.13) 0.24

CES-D score > 36, n (%) 39 (63) 38 (61) 0.85

Gastrointestinal infection 62 62 1

CALORIE INTAKE

Eating, fitness, and cortisol

Lunch meal intake (kcal) 1468 (170) 1506 (162) 0.22

Snack intake (kcal) 397 (43) 386 (37) 0.37

Walk/run distance (m) 1242 (298) 1164 (264) 0.39

Peak cortisol reactivity (ng/dL) 83.2 (7.5) 82.6 (9.0) 0.26

T-Test or Chi-Square test was used to calculate the significant differences between two

groups. BMI, body mass index, CES-D Center for Epidemiological Studies—Depression

Scale.

difference between the two groups (P > 0.05, Table 4). Serum
lipid profile improved further in the BG group after 2 months,
and statistically significant differences were observed between
the two groups (P < 0.05, Table 4). Furthermore, the lipid
profile remarkably improved in the BG group after 3 months,
and the two groups featured statistically significant differences
(P < 0.05, Table 4). These findings demonstrate that blueberry
improved lipid profile in CVT patients. Therefore, blueberry
treatment changed the serum levels of lipid profiles in CVT
patients. Blueberry dietary supplementation not only performs
antidepressant-like function but also improves lipid profile
of CVT patients. Present findings demonstrate that blueberry
treatment exerts antidepressant effect and regulates lipid profile
simultaneously.

Blueberry Increases BDNF Level via
miR-155
Real-time quantitative polymerase chain reaction (qRT-PCR)
analysis showed t no statistically significant difference for serum
miR-155 levels between BG and PG groups before therapy (P
> 0.05). After 3 months of blueberry therapy, miR-155 level
was higher in the BG than PG group (P < 0.05, Figure 5A).
Relative level of miR-155 was lowest level when it was silenced
whereas the level was highest when it was overexpressed
(Figure 5B). Meanwhile, no statistically significant difference
in BDNF mRNA levels between BG and PG groups before
the therapy (P > 0.05, Figures 5C,E). After 3-month blueberry
therapy, the BG group exhibited higher BDNF mRNA levels

FIGURE 3 | Analysis of Center for Epidemiological Studies Depression Scale

(CES-D) for depressive symptoms in CVT patients between BG and PG

groups. Higher scores suggest severe depressant symptoms. Cutoff point: the

scores are more than 24 points are regarded as depressant patients. BG-B,

CES-D scores in CTV patients from BG group before therapy; BG-A, CES-D

scores in CTV patients from BG group after therapy; PG-B, CES-D scores in

CTV patients from PG group before therapy; PG-A, CES-D scores in CTV

patients from PG group after therapy. There is significantly statistical difference

if P < 0.05.

FIGURE 4 | CT diagnosis of the patients with CVT. Patient 1, a male patient

aged 36; Patient 2, a female patient aged 40; Patient 3, a male patient aged

34; Patient 4, a female patient age 35.

than the PG group (P < 0.05, Figure 5C). Cellular level test
showed that miR-155 overexpression or inhibition can increase
or reduce mRNA levels of BDNF (Figure 5D). A significant
positive correlation was observed between miR-155 or BDNF
levels and blueberry treatment (P < 0.05, Figure 5D). Blueberry
treatment cannot affect the mRNA levels of BDNFwhenmiR-155
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was overexpressed or inhibited (P > 0.05, Figure 5D). Western
Blot analysis showed no statistically significant difference in
BDNF levels between BG and PG groups before the therapy
(P > 0.05, Figure 5E). After 3 months of blueberry therapy,
BDNF level was higher in BG than the PG group (P < 0.05,
Figures 5E).Additionally, miR-155 overexpression or inhibition
increased or reduced protein levels of BDNF (P > 0.05,
Figures 5F). Blueberry treatment cannot affect t protein levels of
BDNF when miR-155 was overexpressed or inhibited. All these
results suggest that blueberry increases BDNF level via miR-155.

DISCUSSION

Blueberry has been reported to be highly effective in controlling
inflammatory conditions (Johnson et al., 2017). However, the

TABLE 3 | The effects of blueberry on gastrointestinal pathogen infection.

Pathogens Before

therapy

After

1-month

therapy

After

2-month

therapy

After

3-month

therapy

BG PG BG PG BG PG BG PG

Clostridium difficile 10 8 5 7 4 7 3 8

Campylobacter spp. 5 6 3 5 3 6 2 5

Aeromonas spp. 5 4 2 5 2 5 0 5

Plesiomonas shigelloides 4 5 2 5 1 6 1 5

Shigella spp. 3 2 3 2 2 4 1 3

Cryptosporidium spp. 2 3 1 3 0 4 0 2

Giardia spp. 2 3 1 2 0 3 0 4

Entamoeba histolytica 2 2 1 1 1 3 1 3

Salmonella spp. 2 2 1 2 1 2 1 2

E. coli O157 2 2 0 2 0 3 0 2

Yersinia enterocolitica 1 2 1 1 0 3 0 2

Mixed infection 5 8 2 5 2 6 1 8

Total cases 62 62 41 57 16 52 10 49

effects of blueberry on gastrointestinal infection and related
molecular mechanisms remain unknown. Consumption of
blueberries has been reported to improve spatial learning
performance in an animal model, and this improvement
is associated with the activation of BDNF pathway in the
hippocampus (Rendeiro et al., 2012). Blueberry is rich in
phenolics and may be useful for antidepressant treatment.
Phenolic-rich food has been reported to increase the levels
of BDNF, which mediates neuroplasticity, contributing
critically in antidepressant treatment (Bouckaert et al.,
2016). However, whether phenolics are the causal agents in
inducing such behavioral responses still requires proof. We
hypothesized that blueberry extracts can decrease depressive
symptoms by regulating BDNF, and reducing gastrointestinal
infection.

To make sure the functions of blueberry extracts, the phenolic
contents should be clear. Folin-Ciocalteau method is often
used to phenolic quantitation but it suffers the interference of
reducing molecules other than phenolic compounds. Therefore,
the phenolic quantification in blueberry extracts were performed
by using HPLC analysis. HPLC analysis showed that blueberry
extracts are the main phenolic acids with 0.18, 0.85, 0.26, 0.72,
0.66, 0.41, and 1.92 mg/g of gentisic acid, chlorogenic acid, [2]-
epicatechin, p-coumaric acid, benzoic acid, p-anisic acid, and
quercetin in blueberry extracts, respectively (Table 1).

Blueberry polyphenols have been found to improve symptoms
of neurological diseases (Dodd, 2012). Blueberries can maintain
good mood of children and adults and reduce depression (Khalid
et al., 2017).On the other hand, chronic depression can result in
bacterial translocation or leaky gut (Maes et al., 2012). Therefore,
depression may be associated with gastrointestinal infection.
Antidepressant properties of blueberry may be beneficial for
treatment of gastrointestinal infection. In this study, we observed
that blueberry treatment can increase serum level of miR-155,
resulting in increased BDNF level. BDNF can improve patients’
spiritual well-being and autoimmunity, and can increase the
antidepressant properties, reducing the rate of gastrointestinal
infection (Figure 6).

TABLE 4 | Comparison of lipid profile in CVT patients between BG and PG groups.

TG(mmol/L) TC(mmol/L) HDL-C(mmol/L) LDL-C (mmol/L) MDA (mmol/L)

Before BG 2.76 ± 1.21 5.64 ± 1.09 1.35 ± 0.26 3.87 ± 0.94 1.67 ± 0.24

PG 2.68 ± 0.93 5.47 ± 0.91 1.26 ± 0.35 4.16 ± 1.23 1.59 ± 0.27

P value 0.62 0.73 0.46 0.52 0.43

1-month BG 2.56 ± 1.21 5.45 ± 1.26 1.42 ± 0.20 3.45 ± 1.04 1.45 ± 0.32

PG 2.47 ± 1.13 5.16 ± 1.18 1.33 ± 0.23 3.39 ± 0.09 1.37 ± 0.38

P value 0.37 0.18 0.23 0.31 0.11

2-month BG 2.12 ± 1.16 5.01 ± 1.06 1.56 ± 0.24 3.11 ± 1.02 1.23 ± 0.21

PG 2.78 ± 1.34 5.81 ± 1.19 1.33 ± 0.20 4.09 ± 1.31 1.83 ± 0.25

P value 0.01* 0.02* 0.04* 0.02* 0.02*

3-month BG 1.75 ± 0.16 4.56 ± 1.07 1.73 ± 0.45 3.08 ± 1.13 0.90 ± 0.15

PG 2.56 ± 0.33 5.44 ± 1.10 1.23 ± 0.18 3.92 ± 0.37 1.76 ± 0.24

P value 0.01* 0.02* 0.01* 0.01* 0.01*

*P < 0.05 via PG.
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FIGURE 5 | Blueberry increases BDNF level via miR-155. (A) Real-time qRT-PCR analysis showed the serummiR-155 levels in BG and PG groups. (B) Real-time

qRT-PCR analysis showed the serum miR-155 levels in HT22 hippocampus cells. (C) Real-time qRT-PCR analysis showed relative mRNA levels of BDNF in BG and

PG groups. (D) Real-time qRT-PCR analysis showed relative mRNA levels of BDNF in HT22 hippocampal cells. (E) Western Blot analysis showed the BDNF protein

levels in BG and PG groups. (F) Western Blot analysis showed the effects of miR-155 levels on BDNF protein levels.
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FIGURE 6 | Phenolics from blueberry reduces gastrointestinal infection of the patients with cerebral venous thrombosis by improving antidepressant activity via the

upregulation of miR-155-mediated brain-derived neurotrophic factor.

TABLE 5 | The pathogens related infection inhibited by phenolics.

Compounds Anti-bacterial activity Pathogen-related infection

7- hydroxy-3′,4′ flavone Candida albicans Cushnie and Lamb, 2005 Gastrointerinal infection Remichkova et al., 2009; Glittenberg

et al., 2011; Song et al., 2011

40-Methoxy flavone Trichophyton rubrum Lopes et al., 2017 Skin infection Salmon and Fuller, 2013

5,7-dihydroxy-3,8-dimethoxy flavone Staphylococcus species Tomás-Barberán et al., 1990; Li

et al., 2014

Gastrointestinal infection Yano et al., 2000; Boyce et al., 2005

Flavone Escherichia coil Li et al., 2014 Gastrointestinal infection Salyers and Whitt, 1994

2′-Hydroxyflavanone Clostridium difficile Wu et al., 2014 Gastrointestinal infection Gweon et al., 2016; Khanna and Pardi,

2016; Kim et al., 2016; Furuya-Kanamori et al., 2017

5,7-dihydroxy-8-methoxyflavone Proponbacterium acnes Tsai et al., 2015 Surgery infection Nodzo et al., 2014

Flavonoids Aeromonas species Rattanachaikunsopon and

Phumkhachorn, 2007

Gastrointestinal infection Kirov et al., 2000

Flavonoids Proteus species Kumar and Pandey, 2013 Urinary tract infection Armbruster et al., 2017

Flavonoids Klebsiella species Singh and Kumar, 2014 Gastrointestinal colonization Mayhall et al., 1980

Flavonoids Salmonella species Abdallah and Al-Harbi, 2015 Gastrointestinal infection Nimir et al., 2009; Eguale et al., 2015

Flavonoids Campylobacter species Campana et al., 2009 Gastrointestinal infection Nachamkin and Yang, 1992; Locht and

Krogfelt, 2002

These findings were supported by the increase in
antidepressant activity induced by the phenolic-rich plants,
as reported in previous reports. An interesting research
discussed antioxidant properties of natural products, which
can prevent brain damage from depressant disease. Enriched
phenolic fraction of C. pachystachya exerts antidepressant
function via its antioxidant activities (Ortmann et al., 2017).
Antidepressant-like effect of phenolics in chronically stressed
animal models was previously demonstrated by another study.
Unpredictable chronic stress in an animal model also involves
synthesis of pro-inflammatory cytokines, kynurenine pathway

(KP), 5-hydroxytryptamine metabolism and caspase activities.
Phenolics can reduce the levels or metabolism of these molecules
and their activities (Filho et al., 2016). On the other hand,
phenolics can prevent age-associated memory loss by scavenging
free radicals and modulating BDNF levels (Souza et al., 2015).
These results also suggest that the effect of phenolics in blueberry
may be the main mechanism for its antidepressant function. The
present data indicate that daily dose of 10 g of blueberry for 3
months can improve depressant symptoms.

According to previous reports, phenolics can inhibit
pathogens, such as Candidatropicalis, Trichophyton rubrum,
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Staphylococcus species, Escherichia coli, Clostridium species,
Proponbacteriumacnes, Aeromonas species, Proteus species,
Klebsiella species, Salmonella species and Campylobacter
species (Table 5). However, the blueberry cannot inhibit the
growth of the pathogens isolated from the CVT patients
with gastrointestinal infection. Therefore, blueberry inhibits
gastrointestinal infection by improving autoimmune activity of
CVT patients via miR-155-mediated regulation of BDNF level.
On the other hand, blueberry improves lipid profiles and can
inhibit CVT development. Low level of HDL-C has been found
to be associated with recurrence of CVT (Ma et al., 2015).

The main limitation of the present work is that there
are many components in blueberry juice. Which component
playing an important role in the therapy of CVT patients with
gastrointestinal infection remains unclear. Therefore, further
work is still needed to be performed to confirm the results in the
future.

CONCLUSIONS

A tight link exists between CVT and depression, whereas
activation of depression results in gastrointestinal infection.
miR-155 play a crucial role in mediating these effects by
regulating BDNF levels. Several mechanisms contribute to
enhanced risk of depression and accelerate gastrointestinal

infection. Thus, blueberry treatment is possibly important
in improving CVT, preventing depression symptoms, and
reducing cases of gastrointestinal infection. Clinical evidence
of efficacy and safety of blueberry is still needed in the
future.

ETHICS STATEMENT

Before the experiments, all procedures were approved by the
ethical committee of the First Hospital of Jilin University.
Informed consent and assent were obtained in writing from all
patients.

AUTHOR CONTRIBUTIONS

NX and HM: conceived and designed the experiments; TL and
YF: performed the experiments; YQ and DZ: analyzed the data;
HM: contributed reagents, materials, analysis tools, and wrote the
paper. All authors reviewed and approved this manuscript.

ACKNOWLEDGMENTS

We are very grateful to the reviewers for their important strategic
comments, which have significantly improved the quality of our
paper.

REFERENCES

Abdallah, E. M., and Al-Harbi, K. A. (2015). Phytochemical screening and

antibacterial activity of crude aqueous and ethanol extracts of Salvadora persica

L. stem (Miswak) from Saudi Arabia. J. Phytopharm. 4, 243–247.

Alam, J., Kim, Y. C., and Choi, Y. (2014). Potential role of bacterial infection in

autoimmune diseases: a new aspect of molecular mimicry. Immune Netw. 14,

7–13. doi: 10.4110/in.2014.14.1.7

Altamirano, J., Zapata, L., Poblano, M., Rodriguez, A., Camargo, L., Martinez,

B., et al. (2010). Acute pylephlebitis following gastrointestinal infection:

an unrecognized cause of septic shock. South. Med. J. 103, 956–959.

doi: 10.1097/SMJ.0b013e3181e63504

Armbruster, C. E., Forsyth-DeOrnellas, V., Johnson, A. O., Smith, S. N., Zhao,

L., Wu, W., et al. (2017). Genome-wide transposon mutagenesis of Proteus

mirabilis: essential genes, fitness factors for catheter-associated urinary tract

infection, and the impact of polymicrobial infection on fitness requirements.

PLoS Pathog. 13:e1006434. doi: 10.1371/journal.ppat.1006434

Asakura, H.,Wada, H., Okamoto, K., Iba, T., Uchiyama, T., Eguchi, Y., et al. (2006).

Evaluation of haemostatic molecular markers for diagnosis of disseminated

intravascular coagulation in patients with infections. Thromb. Haemost. 95,

282–287. doi: 10.1160/TH05-04-0286

Benros, M. E. (2016). Autoimmune diseases can be associated with depression.

Evid. Based Ment. Health 19:e27. doi: 10.1136/eb-2016-102417

Bouckaert, F., Dols, A., Emsell, F.-L., De Winter, L., Vansteelandt, K.,

Claes, S., et al. (2016). Relationship between hippocampal volume, serum

BDNF, and depression severity following electroconvulsive therapy in late-

life depression. Neuropsychopharmacology 41, 2741–2748. doi: 10.1038/npp.

2016.86

Boyce, J. M., Havill, N. L., and Maria, B. (2005). Frequency and possible

infection control implications of gastrointestinal colonization with

methicillin-resistant Staphylococcus aureus. J. Clin. Microbiol. 43, 5992–5995.

doi: 10.1128/JCM.43.12.5992-5995.2005

Campana, R., Patrone, V., Franzini, I. T., Diamantini, G., Vittoria, E., and Baffone,

W. (2009). Antimicrobial activity of two propolis samples against human

Campylobacter jejuni. J. Med. Food 12, 1050–1056. doi: 10.1089/jmf.2008.0173

Chang, S. C., Cassidy, A., Willett, W. C., Rimm, E. B., O’Reilly, E. J.,

and Okereke, O. I. (2016). Dietary flavonoid intake and risk of incident

depression in midlife and older women. Am. J. Clin. Nutr. 104, 704–714.

doi: 10.3945/ajcn.115.124545

Choi, G., Schultz, M. J., van Till, J. W., Bresser, P., van der Zee, J. S.,

Boermeester, M. A., et al. (2004). Disturbed alveolar fibrin turnover during

pneumonia is restricted to the site of infection. Eur. Respir. J. 24, 786–789.

doi: 10.1183/09031936.04.00140703

Cummins, D., Segal, H., Hunt, B. J., Awad, R., and Maddox, A. (2001). Chronic

disseminated intravascular coagulation after surgery for abdominal aortic

aneurysm: clinical and haemostatic response to dalteparin. Br. J. Haematol. 113,

658–660. doi: 10.1046/j.1365-2141.2001.02817.x

Cushnie, T. P., and Lamb, A. J. (2005). Antimicrobial activity of flavonoids. Int. J.

Antimicrob. Agents 26, 343–356. doi: 10.1016/j.ijantimicag.2005.09.002

Danckwardt, S., Hentze, M.W., and Kulozik, A. E. (2013). Pathologies at the nexus

of blood coagulation and inflammation: thrombin in hemostasis, cancer, and

beyond. J. Mol. Med. 91, 1257–1271. doi: 10.1007/s00109-013-1074-5

Daubie, V., Cauwenberghs, S., Senden, N. H., Pochet, R., Lindhout, T., Buurman,

W. A., et al. (2006). Factor Xa and thrombin evoke additive calcium and

proinflammatory responses in endothelial cells subjected to coagulation.

Biochim. Biophys. Acta 1763, 860–869. doi: 10.1016/j.bbamcr.2006.04.010

Dodd, G. F. (2012). The Acute Effects of Flavonoid-Rich Blueberries on Cognitive

Function in Healthy Younger and Older Adults. Berkshire: University of

Reading.

Eguale, T., Gebreyes, W. A., Asrat, D., Alemayehu, H., Gunn, J. S., and

Engidawork, E. (2015). Non-typhoidal Salmonella serotypes, antimicrobial

resistance and co-infection with parasites among patients with diarrhea and

other gastrointestinal complaints in Addis Ababa, Ethiopia. BMC Infect. Dis.

15:497. doi: 10.1186/s12879-015-1235-y

Filho, C. B., Jesse, C. R., Donato, F., Del Fabbro, L., de Gomes, M. G., Goes, A. T.

R, et al. (2016). Neurochemical factors associated with the antidepressant-like

effect of flavonoid chrysin in chronically stressed mice. Eur. J. Pharmacol. 791,

284–296. doi: 10.1016/j.ejphar.2016.09.005

Furuya-Kanamori, L., Doi, S. A., Paterson, D. L., Helms, S. K., Yakob,

L., McKenzie, S. J., et al. (2017). Upper versus lower gastrointestinal

Frontiers in Pharmacology | www.frontiersin.org 10 November 2017 | Volume 8 | Article 853

https://doi.org/10.4110/in.2014.14.1.7
https://doi.org/10.1097/SMJ.0b013e3181e63504
https://doi.org/10.1371/journal.ppat.1006434
https://doi.org/10.1160/TH05-04-0286
https://doi.org/10.1136/eb-2016-102417
https://doi.org/10.1038/npp.2016.86
https://doi.org/10.1128/JCM.43.12.5992-5995.2005
https://doi.org/10.1089/jmf.2008.0173
https://doi.org/10.3945/ajcn.115.124545
https://doi.org/10.1183/09031936.04.00140703
https://doi.org/10.1046/j.1365-2141.2001.02817.x
https://doi.org/10.1016/j.ijantimicag.2005.09.002
https://doi.org/10.1007/s00109-013-1074-5
https://doi.org/10.1016/j.bbamcr.2006.04.010
https://doi.org/10.1186/s12879-015-1235-y
https://doi.org/10.1016/j.ejphar.2016.09.005
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


Xu et al. Blueberry and Gastrointestinal Infection

delivery for transplantation of fecal microbiota in recurrent or refractory

Clostridium difficile infection: a collaborative analysis of individual

patient data from 14 studies. J. Clin. Gastroenterol. 51, 145–150.

doi: 10.1097/MCG.0000000000000511

Glittenberg, M. T., Kounatidis, I., Christensen, D., Kostov, M., Kimber, S., Roberts,

I., et al. (2011). Pathogen and host factors are needed to provoke a systemic host

response to gastrointestinal infection of Drosophila larvae by Candida albicans.

Dis. Model. Mech. 4, 515–525. doi: 10.1242/dmm.006627

Goto, T., Horita, M., Nagai, H., Nagatomo, A., Nishida, N., Matsuura, Y., et al.

(2012). Tiliroside, a glycosidic flavonoid, inhibits carbohydrate digestion and

glucose absorption in the gastrointestinal tract. Mol. Nutr. Food Res. 56,

435–445. doi: 10.1002/mnfr.201100458

Gweon, T. G., Kim, J., Lim, C. H., Park, J. M., Lee, D. G., Lee, I. S., et al.

(2016). Fecal microbiota transplantation using upper gastrointestinal tract for

the treatment of refractory or severe complicated Clostridium difficile infection

in elderly patients in poor medical condition: the first study in an asian country.

Gastroenterol. Res. Pract. 2016:2687605. doi: 10.1155/2016/2687605

Johnson, S. A., Feresin, R. G., Navaei, N., Figueroa, A., Elam, M. L., Akhavan, N. S.,

et al. (2017). Effects of daily blueberry consumption on circulating biomarkers

of oxidative stress, inflammation, and antioxidant defense in postmenopausal

women with pre- and stage 1-hypertension: a randomized controlled trial. Food

Funct. 8, 372–380. doi: 10.1039/C6FO01216G

Khalid, S., Barfoot, K. L., May, G., Lamport, D. J., Reynolds, S. A., andWilliams, C.

M. (2017). Effects of acute blueberry flavonoids onmood in children and young

adults. Nutrients 9:E158. doi: 10.3390/nu9020158

Khanna, S., and Pardi, D. S. (2016). Clinical implications of antibiotic impact

on gastrointestinal microbiota and Clostridium difficile infection. Expert Rev.

Gastroenterol. Hepatol. 10, 1145–1152. doi: 10.1586/17474124.2016.1158097

Kiank, C., Holtfreter, B., Starke, A., Mundt, A., Wilke, C., and Schütt, C. (2006).

Stress susceptibility predicts the severity of immune depression and the failure

to combat bacterial infections in chronically stressed mice. Brain Behav.

Immun. 20, 359–368. doi: 10.1016/j.bbi.2005.10.151

Kim, H. B., Wang, Y., and Sun, X. (2016). A detrimental role of

immunosuppressive drug, dexamethasone, during Clostridium difficile

infection in association with a gastrointestinal microbial shift. J. Microbiol.

Biotechnol. 26, 567–571. doi: 10.4014/jmb.1512.12017

Kirov, S. M., Barnett, T. C., Pepe, C. M., Strom, M. S., and Albert, M. J.

(2000). Investigation of the role of type IV Aeromonas pilus (Tap) in the

pathogenesis of Aeromonas gastrointestinal infection. Infect. Immun. 68,

4040–4048. doi: 10.1128/IAI.68.7.4040-4048.2000

Kumar, S., and Pandey, A. K. (2013). Chemistry and biological activities

of flavonoids: an overview. ScientificWorldJournal. 2013:162750.

doi: 10.1155/2013/162750

Lan, X.,Wang,W., Li, Q., andWang, J. (2016). The natural flavonoid pinocembrin:

molecular targets and potential therapeutic applications. Mol. Neurobiol. 53,

1794–1801. doi: 10.1007/s12035-015-9125-2

Ledochowski, M., Widner, B., Bair, H., Probst, T., and Fuchs, D. (2000).

Fructose- and sorbitol-reduced diet improves mood and gastrointestinal

disturbances in fructose malabsorbers. Scand. J. Gastroenterol. 35, 1048–1052.

doi: 10.1080/003655200451162

Levi, M., van der Poll, T., and Schultz, M. (2012). New insights into pathways

that determine the link between infection and thrombosis. Neth. J. Med. 70,

114–120.

Li, X.-F., Fu, Z.-R., Wei, Y., Yang, T., and Ouyang, Y.-Z. (2014). Research on

antibacterial activity of total flavone in Hypericum japonicum. Appl. Chem.

Industry 3:014.

Locht, H., and Krogfelt, K. A. (2002). Comparison of rheumatological and

gastrointestinal symptoms after infection with Campylobacter jejuni/coli

and enterotoxigenic Escherichia coli. Ann. Rheum. Dis. 61, 448–452.

doi: 10.1136/ard.61.5.448

Lohiya, G. S., Crinella, F. M., Tan-Figueroa, L., and Go, S. (2005). Deep

vein thrombosis in a tetraparesic patient with mental retardation:

case report and review of the literature. Brain Inj. 19, 739–742.

doi: 10.1080/02699050400024995

Lopes, G., Pinto, E., and Salgueiro, L. (2017). Natural products: an alternative

to conventional therapy for dermatophytosis? Mycopathologia 182, 143–167.

doi: 10.1007/s11046-016-0081-9

Ma, X., Ji, X.-M., Fu, P., Ding, Y.-C., Xue, Q., and Huang, Y. (2015).

Coexistence of high fibrinogen and low high-density lipoprotein cholesterol

levels predicts recurrent cerebral venous thrombosis. Chinese Med. J. 128:1732.

doi: 10.4103/0366-6999.159345

Macedo, E. A., Appenzeller, S. L., and Costallat, T. L. (2017). Depression in

systemic lupus erythematosus: gender differences in the performance of

the Beck Depression Inventory (BDI), Center for Epidemiologic Studies

Depression Scale (CES-D), and Hospital Anxiety and Depression Scale

(HADS). Lupus. doi: 10.1177/0961203317713142. [Epub ahead of print].

Maes, M., Kubera, M., Leunis, J.-C., and Berk, M. (2012). Increased IgA and IgM

responses against gut commensals in chronic depression: further evidence for

increased bacterial translocation or leaky gut. J. Affect. Disord. 141, 55–62.

doi: 10.1016/j.jad.2012.02.023

Mayhall, C. G., Lamb, V. A., Bitar, C. M., Miller, K. B., Furse, E. Y., Kirkpatrick,

B. V., et al. (1980). Nosocomial klebsiella infection in a neonatal unit:

identification of risk factors for gastrointestinal colonization. Infect. Control 1,

239–246. doi: 10.1017/S019594170005308X

Nachamkin, I., and Yang, X. H. (1992). Local immune responses to the

Campylobacter flagellin in acute Campylobacter gastrointestinal infection. J.

Clin. Microbiol. 30, 509–511.

Niere, F., Wilkerson, J. R., and Huber, K. M. (2012). Evidence for a fragile X mental

retardation protein-mediated translational switch in metabotropic glutamate

receptor-triggered Arc translation and long-term depression. J. Neurosci. 32,

5924–5936. doi: 10.1523/JNEUROSCI.4650-11.2012

Nimir, A. R., Aziz, M. S., Tan, G. C., and Shaker, A. R. (2009). Massive

lower gastrointestinal bleeding attributable to heavy whipworm infection

and Salmonella typhi co-infection: a case report. Cases J. 2:8285.

doi: 10.4076/1757-1626-2-8285

Nodzo, S. R., Hohman, D. W., Crane, J. K., and Duquin, T. R. (2014). Hemolysis

as a clinical marker for Propionibacterium acnes orthopedic infection. Am. J

Orthop. 43, E93–E97.

Ortmann, C. F., Abelaira, H. M., Reus, G. Z., Ignacio, Z. M., Chaves, V. C., Dos

Santos, T. C., et al. (2017). LC/QTOF profile and preliminary stability studies

of an enriched flavonoid fraction of Cecropia pachystachya Trecul leaves

with potential antidepressant-like activity. Biomed. Chromatogr. 31:e3982.

doi: 10.1002/bmc.3982

Pang, H., Zhang, C., Liu, F., Gong, X., Jin, X., and Su, C. (2016). Reduced

thrombin activatable fibrinolysis inhibitor and enhanced proinflammatory

cytokines in acute coronary syndrome. Med. Intensiva. 41, 475–482.

doi: 10.1016/j.medine.2016.10.012

Rattanachaikunsopon, P., and Phumkhachorn, P. (2007). Bacteriostatic effect

of flavonoids isolated from leaves of Psidium guajava on fish pathogens.

Fitoterapia 78, 434–436. doi: 10.1016/j.fitote.2007.03.015

Remichkova, M., Danova, S., Tucureanu, C., Lerescu, L., Salageanu,

A., and Dimitrova, P. (2009). Effect of Candida albicans dsDNA

in gastrointestinal Candida infection. Mycopathologia 167, 333–340.

doi: 10.1007/s11046-009-9185-9

Rendeiro, C., Vauzour, D., Kean, R. J., Butler, L. T., Rattray, M., Spencer, J. P., et al.

(2012). Blueberry supplementation induces spatial memory improvements and

region-specific regulation of hippocampal BDNF mRNA expression in young

rats. Psychopharmacology 223, 319–330. doi: 10.1007/s00213-012-2719-8

Salmon, N., and Fuller, C. (2013). Fungal skin infections: current approaches to

management. Prescriber 24, 31–37. doi: 10.1002/psb.1046

Salyers, A. A., andWhitt, D. D. (1994). “Escherichia coli gastrointestinal infections,”

in Bacterial Pathogenesis-a Molecular Approach, eds A. A. Salyers and D. D.

Whitt (Washington, DC: ASM Press), 244–248.

Sawamoto, A., Okuyama, S., Yamamoto, K., Amakura, Y., Yoshimura,

M., Nakajima, M., et al. (2016). 3,5,6,7,8,3′,4′-heptamethoxyflavone,

a citrus flavonoid, ameliorates corticosterone-induced depression-like

behavior and restores brain-derived neurotrophic factor expression,

neurogenesis, and neuroplasticity in the hippocampus. Molecules 21:541.

doi: 10.3390/molecules21040541

Schoots, I. G., Levi, M., van Vliet, A. K., Maas, A. M., Roossink, E.

H., and van Gulik, T. M. (2004). Inhibition of coagulation and

inflammation by activated protein C or antithrombin reduces intestinal

ischemia/reperfusion injury in rats. Crit. Care Med. 32, 1375–1383.

doi: 10.1097/01.CCM.0000128567.57761.E9

Frontiers in Pharmacology | www.frontiersin.org 11 November 2017 | Volume 8 | Article 853

https://doi.org/10.1097/MCG.0000000000000511
https://doi.org/10.1242/dmm.006627
https://doi.org/10.1002/mnfr.201100458
https://doi.org/10.1155/2016/2687605
https://doi.org/10.1039/C6FO01216G
https://doi.org/10.3390/nu9020158
https://doi.org/10.1586/17474124.2016.1158097
https://doi.org/10.1016/j.bbi.2005.10.151
https://doi.org/10.4014/jmb.1512.12017
https://doi.org/10.1128/IAI.68.7.4040-4048.2000
https://doi.org/10.1155/2013/162750
https://doi.org/10.1007/s12035-015-9125-2
https://doi.org/10.1080/003655200451162
https://doi.org/10.1136/ard.61.5.448
https://doi.org/10.1080/02699050400024995
https://doi.org/10.1007/s11046-016-0081-9
https://doi.org/10.4103/0366-6999.159345
https://doi.org/10.1177/0961203317713142
https://doi.org/10.1016/j.jad.2012.02.023
https://doi.org/10.1017/S019594170005308X
https://doi.org/10.1523/JNEUROSCI.4650-11.2012
https://doi.org/10.4076/1757-1626-2-8285
https://doi.org/10.1002/bmc.3982
https://doi.org/10.1016/j.medine.2016.10.012
https://doi.org/10.1016/j.fitote.2007.03.015
https://doi.org/10.1007/s11046-009-9185-9
https://doi.org/10.1007/s00213-012-2719-8
https://doi.org/10.1002/psb.1046
https://doi.org/10.3390/molecules21040541
https://doi.org/10.1097/01.CCM.0000128567.57761.E9
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


Xu et al. Blueberry and Gastrointestinal Infection

Shen, R., Deng, W., Li, C., and Zeng, G. (2015). A natural flavonoid

glucoside icariin inhibits Th1 and Th17 cell differentiation and ameliorates

experimental autoimmune encephalomyelitis. Int. Immunopharmacol. 24,

224–231. doi: 10.1016/j.intimp.2014.12.015

Siddaway, A. P.,Wood, A.M., and Taylor, P. J. (2017). The center for epidemiologic

studies-depression (CES-D) scale measures a continuum from well-being to

depression: testing two key predictions of positive clinical psychology. J. Affect.

Disord. 213, 180–186. doi: 10.1016/j.jad.2017.02.015

Singh, G., and Kumar, P. (2014). Antibacterial activity of flavonoids of Withania

somnifera L. Int. J. Green Pharm. 8, 114–118. doi: 10.4103/0973-8258.129585

Song, W., Wang, H., and Chen, J. (2011). Candida albicans Sfl2, a

temperature-induced transcriptional regulator, is required for virulence

in a murine gastrointestinal infection model. FEMS Yeast Res. 11, 209–222.

doi: 10.1111/j.1567-1364.2010.00710.x

Souza, L. C., Antunes, M. S., Filho, C. B., Del Fabbro, L., de Gomes, M. G., Goes,

A. T., et al. (2015). Flavonoid Chrysin prevents age-related cognitive decline

via attenuation of oxidative stress and modulation of BDNF levels in aged

mouse brain. Pharmacol. Biochem. Behav. 134, 22–30. doi: 10.1016/j.pbb.2015.

04.010

Stein, S., Winnik, S., and Matter, C. M. (2017). Brain-derived neurotrophic

factor Val66Met polymorphism in depression and thrombosis: SIRT1 as

a possible mediator. Eur. Heart J. 38, 1436–1438. doi: 10.1093/eurheartj/

ehv692

Thounaojam, M. C., Kundu, K., Kaushik, D. K., Swaroop, S., Mahadevan,

A., Shankar, S. K., et al. (2014). MicroRNA 155 regulates Japanese

encephalitis virus-induced inflammatory response by targeting Src homology

2-containing inositol phosphatase 1. J. Virol. 88, 4798–4810. doi: 10.1128/JVI.

02979-13

Tomás-Barberán, F., Iniesta-Sanmartín, E., Tomás-Lorente, F., and Rumbero, A.

(1990). Antimicrobial phenolic compounds from three Spanish Helichrysum

species. Phytochemistry 29, 1093–1095. doi: 10.1016/0031-9422(90)85410-H

Tsai, P. J., Huang, W. C., Hsieh, M. C., Sung, P. J., Kuo, Y. H., and Wu, W. H.

(2015). Flavones isolated from scutellariae radix suppress propionibacterium

acnes-induced cytokine production in vitro and in vivo. Molecules 21:E15.

doi: 10.3390/molecules21010015

Varendi, K., Kumar, A., Harma, M. A., and Andressoo, J. O. (2014). miR-1, miR-

10b, miR-155, and miR-191 are novel regulators of BDNF. Cell. Mol. Life Sci.

71, 4443–4456. doi: 10.1007/s00018-014-1628-x

Wang, H., Zhao, Y., Wang, Y. J., Song, L., Wang, J. L., Huang, C., et al.

(2017). Antidepressant-like effects of tetrahydroxystilbene glucoside in mice:

involvement of BDNF signaling cascade in the hippocampus. CNS Neurosci.

Ther. 23, 627–636. doi: 10.1111/cns.12708

Wang, M., Xing, S., Luu, T., Fan, M., and Li, X. (2015). The gastrointestinal

tract metabolism and pharmacological activities of grosvenorine, a major and

characteristic flavonoid in the fruits of Siraitia grosvenorii. Chem. Biodivers. 12,

1652–1664. doi: 10.1002/cbdv.201400397

Williams, C. M., El Mohsen, M. A., Vauzour, D., Rendeiro, C., Butler, L. T., Ellis,

J. A., et al. (2008). Blueberry-induced changes in spatial working memory

correlate with changes in hippocampal CREB phosphorylation and brain-

derived neurotrophic factor (BDNF) levels. Free Radic. Biol. Med. 45, 295–305.

doi: 10.1016/j.freeradbiomed.2008.04.008

Wu, X., Alam, M. Z., Feng, L., Tsutsumi, L. S., Sun, D., and Hurdle, J. G.

(2014). Prospects for flavonoid and related phytochemicals as nature-inspired

treatments for Clostridium difficile infection. J. Appl. Microbiol. 116, 23–31.

doi: 10.1111/jam.12344

Yano, M., Doki, Y., Inoue, M., Tsujinaka, T., Shiozaki, H., and Monden, M.

(2000). Preoperative intranasal mupirocin ointment significantly reduces

postoperative infection with Staphylococcus aureus in patients undergoing

upper gastrointestinal surgery. Surg. Today 30, 16–21. doi: 10.1007/PL00010040

Conflict of Interest Statement: The authors declare that the research was

conducted in the absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Copyright © 2017 Xu, Meng, Liu, Feng, Qi, Zhang andWang. This is an open-access

article distributed under the terms of the Creative Commons Attribution License (CC

BY). The use, distribution or reproduction in other forums is permitted, provided the

original author(s) or licensor are credited and that the original publication in this

journal is cited, in accordance with accepted academic practice. No use, distribution

or reproduction is permitted which does not comply with these terms.

Frontiers in Pharmacology | www.frontiersin.org 12 November 2017 | Volume 8 | Article 853

https://doi.org/10.1016/j.intimp.2014.12.015
https://doi.org/10.1016/j.jad.2017.02.015
https://doi.org/10.4103/0973-8258.129585
https://doi.org/10.1111/j.1567-1364.2010.00710.x
https://doi.org/10.1016/j.pbb.2015.04.010
https://doi.org/10.1093/eurheartj/ehv692
https://doi.org/10.1128/JVI.02979-13
https://doi.org/10.1016/0031-9422(90)85410-H
https://doi.org/10.3390/molecules21010015
https://doi.org/10.1007/s00018-014-1628-x
https://doi.org/10.1111/cns.12708
https://doi.org/10.1002/cbdv.201400397
https://doi.org/10.1016/j.freeradbiomed.2008.04.008
https://doi.org/10.1111/jam.12344
https://doi.org/10.1007/PL00010040
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

	Blueberry Phenolics Reduce Gastrointestinal Infection of Patients with Cerebral Venous Thrombosis by Improving Depressant-Induced Autoimmune Disorder via miR-155-Mediated Brain-Derived Neurotrophic Factor
	Introduction
	Materials and Methods
	Materials
	Blueberry Extracts
	HPLC Analysis
	HPLC Analysis of Phenolic Contents in Blueberry Extracts
	Inclusion Criteria
	Exclusion Criteria
	Patients Grouping
	Measurement of Depression Symptoms
	Lipid Profile Measurement
	CVT Measurement
	Measurement of Gastrointestinal Infection
	Western Blot
	Cell Culture
	Statistical Analysis

	Results
	Blueberry Juice Is Rich in Phenolics
	Baseline Clinical Characteristics
	Blueberry Improves Depressive Symptoms of CVT Patients
	CT Venography Analysis of CVT Patients
	Blueberry Reduces the Cases of Gastrointestinal Infection
	Blueberry Fails to Inhibit Bacterial Pathogens
	Blueberry Improves Lipid Profiles of CVT Patients
	Blueberry Increases BDNF Level via miR-155

	Discussion
	Conclusions
	Ethics Statement
	Author Contributions
	Acknowledgments
	References


