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Ginkgo bilobaExtract Reduces Hippocampus
In� ammatory Responses, Improves Cardiac
Functions And Depressive Behaviors In A Heart
Failure Mouse Model
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Background: Depression has been shown to share an extremely high comorbidity with
heart failure (HF).Ginkgo biloba extract (GBE) is a widely used traditional Chinese
medicine in cardiac disease. However, its potential therapeutic effect on depressive symp-
toms following HF largely remains unknown. In this article, we aimed to investigate its

effects in reducing depressive behaviors of a HF mouse model. Moreover, we also discussed
whether its effects are associated with changes in neural in� ammation and 5-hydroxytrypta-
mine (5-HT) signaling.

Methods: Mice were randomly divided into three groups: sham, HF+saline and HF+GBE
(150 mg/kg/d) (n=10 per group). Systolic heart failure was induced by ligating the left
anterior descending coronary artery. Cardiac functions together with depressive-like beha-

viors were measured after 4 weeks’ treatment. Levels of brain natriuretic peptide (BNP), 5-
HT, 5-HT receptor 2A (5-HT2AR), tumor necrosis factor-� (TNF-� ), interleukin-1� (IL-1� ),
vascular endothelial growth factor (VEGF), hypoxia inducible factor-1 (HIF-1), (cleaved)

caspase-3, Bax and Bcl-2 were analyzed by Western blot, Elisa and immunohistochemistry at
the end of the experiments.
Results: GBE bene� ted antidepressant-like behaviors and improved cardiac functions in mice
with heart failure. Levels of TNF-� , IL-1� and 5-HT were reduced in the hippocampus after the

administration of GBE. Further experiments revealed that GBE also blocked the release of
serotonin in the peripheral blood and triggered HIF-1 induced anti-apoptotic pathways.
Conclusion: GBE has potential therapeutic effects in relieving depressive status of patients

with HF.
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Introduction
Heart failure (HF) is usually regarded as the end stage of various diseases. The
population suffering from HF has reached 26 million with an economic burden
exceeding 31 billion USD globally.1 However, it is disappointing to note that,
although advances have been achieved in recent years, the prevalence of HF is
still increasing, especially in developed countries.2 Depression is a common mental
illness that affects up to 60% of patients with HF and results in signi� cantly
worsened prognosis.3–5 It is now widely accepted that improvements in psycholo-
gical health are crucial to HF patients. Thereby, understanding the underlying
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mechanisms of this comorbidity and the potential pharma-
cological effects of clinically adopted drugs will be of
great importance in improving long-term prognosis in
patients with both HF and depression.

Recently, several studies from our own and other
research groups have reported depressive behaviors in HF
rodents after a myocardial infarction (MI) procedure.6–8

Although the exact mechanism still remains obscure, it
may be associated with immune and 5-hydroxytryptamine
(5-HT) systems. Dysfunctions in neuroendocrine systems,
particularly in hypothalamic-pituitary-adrenal (HPA) axis,
are now considered to be major contributors to the devel-
opment of psychocardiological diseases, a classi� cation
which describes comorbidity of cardiovascular diseases
and mental illness.9 The over-activation of the HPA axis,
as characterized by increased levels of cortisol, always
indicates elevated in� ammatory and serotonergic
responses, both of which play important pathological roles
in psychocardiological diseases.8,10–12

Ginkgo bilobaextract (GBE) is a natural product which
has been widely used in treating multiple diseases, including
angina pectoris,13glaucoma,14brain injury15and depression.16

Its anti-apoptotic, anti-oxidative and anti-in� ammatory prop-
erties are well acknowledged.17 However, few studies have
focused on the therapeutic effects of GBE in this post-HF
depression model. Herein, we describe how we validated
depressive behaviors and explored the effects of GBE admin-
istration in HF mice. Moreover, we also investigated the
involvement of neural in� ammation, 5-HT signaling and car-
diac apoptotic pathways in GBE’s action.

Materials And Methods
Animals
Male C57BL/6 mice aged 8–10 weeks old, weighing
20–25g, were obtained from the Comparative Medicine
Centre of Yangzhou University. Mice were housed at 23
±2°C with a 12-hr light-dark cycle. Food and water were
available ad libitum. All experiments were performed
according to the NIH guide for the care and use of labora-
tory animals and were approved by the ethics committee
of Beijing Anzhen Hospital af� liated to Capital Medical
University (No. 2014016X).

Mice were randomly divided into three groups includ-
ing sham+saline, HF+saline and HF+GBE group (N=10 in
each group). HF was induced by ligating the left anterior
descending (LAD) coronary artery as described before.8

Two weeks after the ligation surgery, left ventricular

ejection fraction (LVEF) values were detected by echocar-
diography using the Vevo 2100 ultrasound system (Visual
Sonic, Canada) (30MHz ultrasonic probe). Mice with
LVEF values less than 30% were selected and assigned
to HF groups. Mice in the sham group received same
procedure except for LAD ligation. No animals died as a
result of the surgery. After the surgery, mice in the saline
groups were given 2.5 mL saline per day while mice in the
HF+GBE group receivedGinkgo biloba dripping pills
treatment (150 mg/kg/day) (provided by WanBangDe
Pharmaceutical Group Co., Ltd.). For a human, the regular
dose of GBE (dripping pills) is 900mg/day (60mg/one pill,
5 pills/once, three times a day), therefore, we chose the
drug dose of 150 mg/kg/day for a mouse whose drug dose
is 10–20 times compared with a human. The pharmacolo-
gical administration was performed via intragastric gavage
at 7:00 a.m. every day for 4 consecutive weeks.

At the end of the experiments (after echocardiography
and behavior tests), mice were anesthetized with pentobarbi-
tal and sacri� ced by decapitating with a guillotine. Blood,
cerebral cortex, hippocampus and cardiac tissue were col-
lected for further analysis.

Behavior Tests
Sucrose preference tests (SPT) and open� eld tests (OFT) were
used to describe depressive behaviors. We chose SPTand OPT
due to such reasons:� rstly, SPTand OPTare two standard tests
for evaluating depressive behaviors as forced swim test and tail
suspension test. Secondly, the laboratory limitations in our lab.
In the SPT, mice were habituated to 0.5% saccharine for 24 hrs,
one bottle of sucrose water and one bottle of tap water were
placed on each side of the cage, and the sequence was changed
after 12 hrs.18 After habituation, mice were provided with ad
libitum access to sweetened water and tap water for another 24
hrs. Then, the water pouches were weighed and recorded. The
sucrose preference was calculated by dividing consumption of
sweetened water by total consumption of water. The experi-
mental apparatus used in the OFT was a square black box
(60cm×60cm×25cm), made out of plexiglass with 5×5
squares. The mice were individually placed in the center of
the enclosure and allowed to explore freely for 6 mins in a quiet
environment. The numbers of squares crossed were recorded
during the last 4 mins.

Masson’s Staining
Freshly isolated hearts were� xed in paraformaldehyde
(PFA) solution. After sectioning (4-� m-thick), embedding
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and staining, images were observed by microscopy and
were imported to the analysis software (Image J). The
myocardial � brosis area and normal myocardial area
were then analyzed to evaluate myocardial� brosis grade.

Enzyme-Linked Immunosorbent Assay
(ELISA)
Platelet-rich plasma and platelets were prepared as
described before.8 BNP levels in the serum, together with
5-HT and 5-HT2AR (#YFXEM00760; #YFXEM00037; #
YFXEM00761, YIFEIXUE BIOTECH, Nanjing, People’s
Republic of China) levels in the serum, platelet, hippocam-
pus and cortex tissues were determined using ELISA kits
according to the manufacturer’s protocol.

Western Blotting
Tissue was homogenized, lysed and centrifuged at 2000 rpm
for 20 mins. The supernatants were collected and protein
concentrations were measured using BAC kits (Keygen
Biotech, Nanjing, People’s Republic of China). Proteins
were separated through 10% sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE) (25 µg/lane),
and membranes prepared by Western blot procedure were
� nally analyzed using the ECL system (Millipore, Bedford,
USA). Primary antibodies were used as follows:

GAPDH (#8884, 1:10000, Cell Signaling Technology,
Boston USA), Caspase-3 (#9662, 1: 1000, Cell Signaling
Technology, Boston USA), Cleaved Caspase-3 (#9664,
1:1000, Cell Signaling Technology, Boston USA), Bax
(#5023, 1:1000, Cell Signaling Technology, Boston USA),
Bcl-2 (#15071, 1:1000, Cell Signaling Technology, Boston
USA), HIF-1� (#36169, 1:1000, Cell Signaling Technology,
Boston USA), VEGF (ab52917, 1:1000, Abcam, England),
TNF alpha (ab1793, 1:1000, Abcam, England), IL-1 beta
(ab9722, 1:2000, Abcam, England).

Immunohistochemistry
Hippocampus tissue was collected and� xed in 4% PFA.
After embedding and sectioning (4-um-thick), slides were
deparaf� nized and rehydrated. Antigen retrieval was per-
formed with the citrate buffer (pH 6.0) by heating the slides
for 20 mins using a microwave oven. After blocking endo-
genous peroxidase by 3% H2O2, sections were incubated
overnight at 4ºC with the goat polyclonal anti-TNF alpha
antibody (ab1793, 1:50, Abcam, England) or anti-IL-1 beta
antibody (ab9722, 1:1000, Abcam, England) at 4ºC. Two-
step technique (SuperPictureTM3rd Gen IHC Detection kit;

Invitrogen, CA, USA) was used for visualization, with
diaminobenzidine as a chromogen. Finally, sections were
counterstained with hematoxylin and mounted. The sec-
tions were observed and photographed under the light
microscope with the magni� cation×100 (Olympus BX 51,
Tokyo, Japan). Negative controls had the primary antibody
omitted or replaced by non-immune as the primary
antibodies.

Statistical Analysis
SPSS 24.0 software (IBM) was used for data analysis.
Measurements were obtained in at least three independent
experiments, and were expressed as mean±SD. One way
ANOVA was carried out for the comparison among the
three groups. The Fisher’s Least Signi� cant Difference
(LSD) test was applied for post-hoc comparisons. A two-
tailed P-value less than 0.05 was considered to be statisti-
cally signi� cant.

Results
GBE Improves Depressive Behaviors,
Reduces Hippocampus 5-HT And Inhibits
In� ammation In HF Mice
SPT and OFT are two widely used behavior tests used to
describe exploratory activities and depressive symptoms.
After 4 weeks’ treatment, HF mice showed signi� cantly
decreased sweet water consumption and grid crossing
times. These depressive behaviors were completely
reversed by the administration of GBE (Figure 1).

Considering the great impact of 5-HT during the develop-
ment of depression, we then measured the concentrations of 5-
HT in two encephalic regions that play vital roles in depressive
behaviors: the hippocampus and cerebral cortex. Interestingly,
instead of having lower levels of 5-HT, HF mice had signi� -
cantly elevated 5-HT concentrations in both cerebral cortex
(176.26±7.31 vs 252.28±3.91 pg/mg) and hippocampus
(177.06±2.10 vs 246.72±5.25 pg/mg) (Figure 2AandB). As
a major type of 5-HT receptor localized on the postsynaptic
membrane, the 5-HT2AR mediates calcium in� ux and subse-
quent signal transduction. We found that expression of 5-
HT2AR, correlated with levels of 5-HT, and were also
increased in HF mice (Figure 2CandD). GBE treatment was
able to reduce the levels of 5-HT in the hippocampus (162.24
±5.82 vs 246.72±5.25 pg/mg), but GBE did not contribute to
signi� cant changes in the level of 5-HT in the cortex, or 5-
HT2AR in either cortex or hippocampus (Figure 2BandC).
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