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Abstract. The incidence of depression increases annually but 
the pathogenesis is not yet fully understood. The aim of the 
present study was to explore the expression and interaction 
of tumor necrosis factor‑α (TNF‑α) and vascular endothelial 
growth factor (VEGF) in chronic stress‑induced depressive 
rats. A total of 20 adult healthy Sprague Dawley rats (180‑220 g) 
were randomly divided into the control and experimental 
depression groups. The depression model was established with 
a chronic stress method, and the success of model construc-
tion was assessed through weigh measurements and the sugar 
consumption and open‑field tests. The expression of TNF‑α 
and VEGF was detected using the reverse transcription quanti-
tative polymerase chain reaction (RT‑qPCR), western blotting 
and immunohistochemistry. Compared with the control group, 
the weight of the rats in the experimental group was found 
to be reduced (P<0.05). The open‑field test showed significant 
differences in the horizontal and vertical motion of the rats 
between the two groups, and the rats in the experimental group 
exhibited a significantly reduced ability to adapt to a new envi-
ronment (P<0.05). Furthermore, the sensitivity of the rats in 
the experimental group to reward stimulation was decreased. 
The relative mRNA expression levels of TNF‑α and VEGF in 
the hippocampus of the experimental group were lower than 
those in the control group, and western blot analysis revealed 
that the protein expression of VEGF and TNF‑α was reduced 
in the experimental group. Neurons of the experimental group 
exhibited reduced immunohistochemical staining compared 
with neurons from the normal hippocampus in the control 
group. In conclusion, the present study investigated the asso-
ciation between the occurrence of depression and TNF‑α 
and VEGF at the mRNA and protein levels using RT‑qPCR, 

western blotting, immunohistochemistry and animal behavior 
experiments. The results provide a fundamental basis for 
follow-up clinical research.

Introduction

Depression is a common mental disorder with easy relapse. 
The main clinical characteristics of the condition are feeling 
down and cognitive dysfunction (1,2). Although the incidence 
of depression increases annually, the pathogenesis of the 
disease remains poorly understood (3).

Previous studies have suggested that numerous factors 
are closely associated with the occurrence and outcome of 
depression, including neurotrophic factors in the brain and 
neural plasticity changes (4‑6). These studies have indicated 
that neurotrophic factors can maintain neuronal survival and 
promote synaptic growth, and that the inhibition of neuro-
trophic factor expression in the hippocampus can result in the 
suppression of brain function and lead to depression. Currently, 
the main mechanisms of action of clinical antidepressants are 
to increase synaptic plasticity, increase neurotrophic factor 
levels in the brain and promote the survival of neurons (7).

Tumor necrosis factor‑α (TNF‑α) and vascular endothelial 
growth factor (VEGF) are closely associated with a variety of 
neurological functions and are involved in changes in neural 
plasticity and nerve regeneration; thus, TNF‑α and VEGF have 
received considerable focus as potential candidate genes for 
depression gene therapy (8,9). TNF‑α is mainly responsible for 
maintenance of the immune system, homeostasis, inflamma-
tory reactions and the defense function; however, studies have 
suggested that TNF‑α can also exert a destructive effect (10). 
In the elderly, it has been shown that TNF‑α is involved in the 
pathology of certain diseases, including chronic inflammation, 
autoimmune diseases and some malignant diseases, such as 
depression, and it is therefore possible that TNF‑α could be 
considered as a target gene for depression treatment (11-13). 
VEGF is involved in angiogenesis and endothelial cell prolif-
eration (14) and has been confirmed to be involved in acute 
episodes of depression (15,16). In addition, VEGF is involved 
in angiogenesis, the protection of degenerating neurons and 
the prevention and control of brain ischemia. Furthermore, 
VEGF can stimulate the regeneration of neurons in the adult 
brain and effectively inhibit the occurrence and worsening 
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of depression (17,18). There are certain similarities between 
TNF‑α and VEGF with regard to biological function, but it 
remains unclear how they are involved in the development 
of depression. It is therefore necessary to investigate whether 
TNF‑α and VEGF act synergistically in the occurrence of 
depression. The aim of the present study was to explore the 
expression of TNF‑α and VEGF in the hippocampus at the 
mRNA and protein levels and to investigate the interaction 
between TNF‑α and VEGF.

Materials and methods

Establishment of depression model rats. A total of 20 adult 
healthy Sprague Dawley rats (Shanghai Silaike Experimental 
Animal Co., Ltd., Shanghai, China) weighing 180‑220 g were 
randomly divided into the control and experimental depression 
groups (n=10 per group). The animals were maintained under 
a 12‑h light/dark cycle, and the animal room was conditioned 
to a temperature of 22±2˚C and a humidity of 60%. Water 
and feed were supplied amply. After a week, the rat model 
of depression was established using chronic, unpredictable 
stress for 21 days, with the following stimuli: Fasting, water 
deprivation, tail clamping (5 min), foot‑shock stress, noise, ice 
swimming, altered circadian rhythms and heat stimulation. 
Identical stimulations were separated by >2 days, and each 
stimulation was applied 2‑3 times according to the principles 
of random arrangement. The normal animals without stimula-
tion were used as the control group. Measurements of weight 
and the sugar consumption and open‑field tests were used 
to determine the success of the model construction, and the 
results were analyzed statistically. For the sugar consumption 
experiment, rats received equivalent water and 1% sugar solu-
tion after fasting for 24 h. The sugar consumption rate was 
measured after 24 h. The rat sugar consumption rate was 
calculated as: Sugar consumption/(sugar consumption + water 
consumption)*100%. For the open-field tests, a 50x50x30 cm 
box was used, with the bottom of box divided into 25 equilat-
eral squares. The rat was put into the center of the box bottom 
and the horizontal and vertical activity frequency in 5 min was 
recorded. The experimental methods were performed strictly 
in accordance with the institutional guidelines of the Animal 
Care and Use Committee of Jining Medical University (Jining, 
China).

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR). Total RNA was extracted according to the 
instructions of the RNA extraction kit manual (Invitrogen 
Life Technologies, Carlsbad, CA, USA), and cDNA was 
then prepared through RT. Thermoscript one-step quantita-
tive RT-PCR with platinum Taq kit was used to synthesize 
cDNA and to perform subsequent real-time RT-qPCR 
(Applied Biosystems Life Technologies, Foster City, CA, 
USA). The expression levels of the target genes TNF‑α and 
VEGF were detected using SYBR® Green‑based qPCR, and 
the results of the fluorescence qPCR were analyzed using an 
Applied Biosystems 7500 Real-Time PCR System (Applied 
Biosystems). The primer sequences used were as follows: 
TNF-α, F 5'-ATA​CAC​TGG​CCC​GAG​GCA​AC-3' and R 5'‑CCA​
CAT​CTC​CGG​ATC​ATG​CTT​TC‑3'; VEGF, F 5'-GTC​ACT​ATG​
CAG​ATC​ATG​CGG​A‑3' and R 5'‑GTC​ACT​ATG​CAG​ATC​ATG​

CGGA‑3'; and β‑actin, F 5'‑GTC​GTA​CCA​CTG​GCA​TTG​TG‑3' 
and R 5'‑CTC​TCA​GCT​GTG​GTG​GTG​AA‑3'. PCR conditions 
were as follows: 40 cycles of denaturation at 95˚C for 15 sec, 
60 sec at 60˚C annealing, and elongation with optics on for fluo-
rescence monitoring. β‑actin was used as a reference gene and 
the 2‑ΔΔCT method was used to quantify the data.

Western blot analysis. The total cellular proteins in each group 
were extracted. Cells were lysed in a radioimmunoprecipitation 
assay buffer containing 50 mM Tris (pH 7.4), 150 mM NaCl, 
1% Triton X-100, 1% sodium deoxycholate, 0.1% SDS, 1 mM 
EDTA and protease inhibitor cocktail (Beyotime Institute of 
Biotechnology, Haimen, China) for protein extraction. The 
total protein content was determined by bicinchoninic acid 
assay. Following the quantitative determination of protein 
content, the proteins were denatured at 100˚C for 5 min and 
fractionated through 8% SDS‑PAGE. The proteins were 
electrotransferred onto polyvinylidene difluoride membranes. 
Membranes were blocked with 5% skimmed milk for 1 h 
at room temperature. Protein expression was subsequently 
detected by incubation with rabbit polyclonal primary anti-
bodies against TNF‑α (1:100; sc-8301), VEGF (1:100; sc-507) 
and β‑actin (Santa Cruz Biotechnology, Inc., Santa Cruz, CA, 
USA) at 4˚C overnight. Following incubation with the primary 
antibody, the membranes were incubated with horseradish 
peroxidase‑conjugated secondary antibody for coloration 
(Santa Cruz Biotechnology, Inc.) (19). The bound antibodies 
were visualized using an enhanced chemiluminescence 
reagent (EMD Millipore, Billerica, MA, USA) and quantified 
densitometrically using an electrophoresis image analysis 
system (FR980; Shanghai Furi Science & Technology Co., 
Ltd., Shanghai, China). Densitometric analyses of the bands 
were performed with β‑actin as the loading control. Triplicate 
experiments with triplicate samples were performed.

Table II. Effect of chronic stress on the horizontal and vertical 
motion scores of rats.

	 Horizontal	 Vertical
Group	 motion score	 motion score

Control	 59.77±1.08	 13.35±0.62
Experimental	 9.79±0.83a	 5.03±0.38a

aP<0.05 vs. the control group. Results are presented as the mean ± stan-
dard deviation; n=10.

Table I. Effect of chronic stress on the food intake and body 
weight of rats.

Group	 Net weight increment (g)	 Food intake (g)

Control	 131.11±2.05	 14.24±0.11
Experimental	    83.51±1.15a	    6.68±0.09a

aP<0.05 vs. the control group. Results are presented as the mean ± stan-
dard deviation; n=10.
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Immunohistochemical staining. The rats were sacrificed via 
spinal dislocation. Frozen slices were then prepared from brain 
tissue, and the slices were rinsed with phosphate‑buffered 
saline three times, for 10 min each time. The endogenous 
peroxidase was inactivated by hydrogen peroxide. The sections 
underwent 0.5% potassium citrate microwave antigen retrieval 
at 100˚C for 15 min. The frozen slices were then incubated 
at room temperature for 10‑15 min, blocked with goat serum 
for 30 min and incubated with polyclonal rabbit primary anti-
bodies against TNF‑α (1:100) and VEGF (1:100) at 37˚C for 
1 h. Following the incubation with the primary antibody, the 
slices were incubated with horse radish peroxidase‑conjugated 

secondary antibody at 37˚C for 30 min and then with horse-
radish peroxidase‑conjugated fluorescent pigment at 37˚C for 
30 min. The slices were subsequently treated with 3,3'‑diami-
nobenzidine chromogen and subjected to dehydration, clearing 
and mounting.

Statistical analysis. Data are presented as the mean ± standard 
deviation. Comparisons between the control and experimental 
groups were conducted using the two‑tailed Student's t‑test 
with SPSS 18.0 software (SPSS, Inc., Chicago, IL, USA). 
P<0.05 was considered to indicate a statistically significant 
difference.

Table III. Effect of chronic stress on the fluid consumption index of rats.

	 Total liquid	 Sugar water	 Water consumption	 Percentage of sugar
	 consumption (ml/24 h)	 consumption (ml/24 h)	  (ml/24 h)	 water preference (%)
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ---‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑ -----‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑ ----‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑ --‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 Before	 After	 Before	 After	 Before	 After	 Before	 After
Group	 stress	 stress	 stress	 stress	 stress	 stress	 stress	 stress

Control	 15.4±0.1	 14.7±0.1	 11.4±0.1	 11.4±0.2	 2.9±0.1	 2.9±0.1	 63.7±0.2	 62.8±0.2
Experimental	 14.7±0.2	 13.5±0.1	 10.7±0.1	    6.9±0.1a	 3.1±0.1	  5.7±0.1a	 65.2±0.3	 62.2±0.2

aP<0.05 vs. the control group. Results are presented as the mean ± standard deviation; n=10.

Figure 1. qPCR results for TNF‑α and VEGF. (A and B) Amplification curves for (A) TNF‑α and (B) VEGF (the vertical coordinate stands for the Log values 
of the cDNA concentration of VEGF and TNF‑α, and the abscissa stands for the corresponding Ct values). (C) mRNA levels of TNF‑α and VEGF in the 
hippocampus, as detected by qPCR. qPCR, quantitative polymerase chain reaction; TNF‑α, tumor necrosis factor‑α; VEGF, vascular endothelial growth factor.

  A

  B

  C
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Results

Results of the weight measurements and sugar water consump‑
tion and open‑field tests. Prior to modeling, no significant 
differences were found between the two groups. Following 
modeling, however, the rats in the experimental group were 
observed to eat and weigh less and to exhibit fur shedding, 
reduced luster, slowness of movement and low spirits. The 
weight of the rats in the experimental group was significantly 
lower than that of the rats in the control group (P<0.05) 
(Table I). The open‑field test showed that the rats in the experi-
mental and control groups exhibited significant differences in 
the horizontal and vertical motion scores (P<0.05), and the 
ability of the rats in the experimental group to adapt to a new 
environment was significantly decreased (Table II). Significant 
differences were also found in the sugar consumption‑related 
indicators between the two groups (P<0.05; Table III), and 
the sensitivity of the rats in the experimental group to reward 
stimulation and pleasure was decreased.

qPCR. The qPCR showed that the relative mRNA expression 
levels of TNF‑α and VEGF in the hippocampus of the experi-
mental group were lower than those in the control group. The 

relative VEGF mRNA expression level of the experimental group 
was only half that of the control group, while the expression level 
of TNF‑α was only slightly lower in the experimental group than 
that in the control group. The results indicated that, compared 
with the control group, the mRNA expression of TNF‑α and 
VEGF was significantly lower in the experimental group (Fig. 1).

Western blotting. Compared with the expression of VEGF and 
TNF‑α in the hippocampus in the control group, the expres-
sion was reduced in the hippocampus in the experimental 
group (Fig. 2). The differences between the two groups were 
found to be statistically significant (P<0.05).

Immunohistochemistry. Compared with the expression of 
TNF‑α and VEGF in the normal hippocampus in the control 
group, the hippocampal expression of TNF‑α and VEGF in the 
experimental group was reduced (Fig. 3).

Discussion

Depressive disorder, also called depression, is one of the main 
emotional disorders observed in the clinic. The condition can 
further develop and deteriorate, affecting overall physiological 

Figure 2. TNF‑α and VEGF expression in the hippocampus following chronic stress. Gray values show the relative TNF‑α and VEGF expression in the hip-
pocampus between the control and experimental groups (P<0.05). TNF‑α, tumor necrosis factor‑α; VEGF, vascular endothelial growth factor.

Figure 3. Immunohistochemical analysis of TNF‑α and VEGF expression in the hippocampus of each group (magnification, x100; stain, streptavidin-peroxidase). 
TNF‑α, tumor necrosis factor‑α; VEGF, vascular endothelial growth factor.
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function and leading to a series of clinical symptoms, such as 
sleep disorders or loss of appetite (20). The rodent chronic, 
unpredictable, mild stress (CUMS) model was first success-
fully established by Willner et al in 1957 (21). This model 
was demonstrated to simulate the exogenous factors for the 
onset of depression, including reduced sensitivity to reward, 
lack of pleasure and behavioral and spiritual malaise (22), 
with the main symptoms of a reduction in the intake of sweet 
liquid food (21). Matthews et al (23) have proposed that weight 
reduction is also a clinical symptom closely associated with 
depression. In addition to the above characteristics, the CUMS 
model can be used for the simulation of human physiological 
bradykinesia. The open‑field test can be used to verify the 
degree of horizontal activity of the rat (24), a reduction in 
which is a clinical sign associated with human depression (25). 
Following transferal to the new environment, the physiological 
activity of healthy rats will increase, as the rats familiarize 
themselves with the new environment; however, observation 
of the CUMS rat model showed that the self‑regulation and 
vertical motion ability of the rats were markedly reduced (26). 
These findings indicated that the interest in the new environ-
ment was reduced for the CUMS rats, suggesting that the 
CUMS model exhibits characteristics similar to the clinical 
symptoms of human depression and therefore has significance 
as a biological reference (27).

In the present study, the changes in the TNF‑α and VEGF 
mRNA and protein expression in the hippocampus were 
explored with qPCR, western blotting and immunohistochem-
istry. The results suggested that TNF‑α and VEGF played a 
key role in the development of depression. TNF‑α is generated 
in the initial stages of the inflammatory response and causes 
and enhances numerous reaction effects, including increasing 
vascular penetration and the activation of white blood cells at 
the site of infection and injury; due to these characteristics, 
TNF is considered to be the initiator of inflammation, blood 
vessel formation and tumor metastasis, as well as a promoting 
factor of tumors  (28). Studies have shown that TNF‑α is 
involved in the development of depression (29,30). The mecha-
nisms of antidepressant drugs have yet to be fully elucidated; 
however, it has been proposed that they are associated with the 
stimulation of growth factor signaling pathways and neurogen-
esis in the hippocampus (31). 

The VEGF expression in the hippocampus and the effect 
of antidepressant drugs on the hippocampal expression of 
VEGF have been previously studied. The proliferation of 
hippocampal subgranular zone (SGZ) cells can be inhibited 
when the VEGF receptor Flk‑1 is blocked by pharmacological 
methods, such as chronic exposure to fluoxetine or desipra-
mine, or through electroconvulsive shock therapy (32). SGZ 
cells can be induced to proliferate following the intracerebro-
ventricular delivery of certain types of VEGF isoforms (33). 
Studies have shown that TNF‑α can promote the expression of 
VEGF at the mRNA and protein levels; furthermore, synergy 
exists between TNF‑α and TGF‑β1 or VEGF, which can 
promote the repair of nerve cells (34,35).

Previous studies of depression have utilized large‑scale 
genetic screening methods, which do not facilitate the analysis 
of specific genes, and exhibit a lack of follow‑up experiments 
for the screened gene (36). In the present study, the occurrence 
of depression was investigated at the protein and mRNA levels 

using western blotting, immunohistochemistry, qPCR and 
animal behavior experiments. The results of the study have 
provided a basis for follow‑up clinical research.
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