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 Abstract 

Depression is a mental illness that seriously harms human health. Therefore, it is crucial to create 

antidepressant treatments that are effective and powerful. Fetuin-A is a multifunctional 

glycoprotein mainly released by hepatocytes; it has a complex role in inflammatory processes. We 

aimed to examine the effect of fetuin-A on lipopolysaccharide-induced depressive like behavior in 

rats. Forty male albino rats were randomly categorized into four groups; Group I: Control group: 

(saline + vehicle) for 10 days, Group II: Control treated by fetuin-A group: fetuin-A (100 

mg/kg/day) for 10 days, Group III: Depression group:  0.5 mg/kg lipopolysaccharide for 10 

days, Group IV: Depression treated with fetuin-A group: Lipopolysaccharide (0.5 mg/kg) for 

10 days followed by fetuin-A (100 mg/kg) for 10 days. Behavioral impairments were evaluated. 

Brain levels of malondialdehyde (MDA) and glutathione peroxidase (GPX) were estimated. The 

levels of tumor necrosis factor-alpha (TNF-α), interleukin (IL) IL-6, and brain-derived 

neurotrophic factor (BDNF), were measured by ELISA. AMPA glutamate receptors (AMPARs 

GluA1&2), caspase-1 and cAMP response element-binding protein (CREB) mRNA expression by 

real-time PCR were done. Histopathological assessment of hippocampus was done. Our results 

revealed that fetuin-A effectively ameliorated LPS-induced behavioral tests impairment through 

increasing BDNF and CREB. Additionally, fetuin-A treatment caused a decrease in the levels of 

MDA, TNF-α and IL-6 together with concomitant elevation of GPX and upregulation of caspase-1 

and AMPAR GluA1&2 expression. We concluded that fetuin-A ameliorates depression-like 

behaviors of rats by controlling the Caspase-1/BDNF/CREB Pathway signaling pathway, which 

may serve as a new target for treatment of depression.  
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INTRODUCTION 

Fetuin-A is a multifunctional glycoprotein that is 

mainly released by hepatocytes. Fetuin-A inhibits 

the release of proinflammatory mediators induced 

by bacterial endotoxins in macrophage cultures. It 

has been demonstrated that fetuin-A acts as a 

negative acute-phase protein that increases 

phagocytosis and regulates neutrophil function, all 

of that support its neuroprotective effect (1). It has 

a strong affinity, is biologically homogeneous, 

and has no significant side effects. (2) 

Fascinatingly, the anti-inflammatory glycoprotein 

fetuin-A, also known as alpha2-Heremans-Schmid 

glycoprotein, prevents the release of 

proinflammatory cytokines. (3) Fetuin-A is a 

versatile protein with various physiological 

functions. (4) 

The majority of prenatal organs and tissues, 

including brain tissue, generally contain fetuin-A 

protein. Fetuin-A showed neuroprotective effects 

in animal models of chronic fetal inflammation 

and cerebral ischemia. The presence of fetuin-A in 

mature human brain tissue under various 

physiological and pathological circumstances 

during development is not well understood yet. 

Fetuin-A is prevalent in plasma and cerebrospinal 

fluid and expressed in the liver, brain, kidney, 

muscle, and bone tissues. (5)  

Depression is a mental illness that seriously harms 

human health and is distinguished by a 

persistently depressed mood, sluggish thinking, 

anhedonia, disrupted sleep, and loss of appetite. In 

severe circumstances, patients may commit 

suicide and self-harm. (6) 

Clinical diagnosis and treatment of depression are 

challenging due to the multidimensional nature of 

the disease, which is linked to heredity, 

environmental, epigenetics, and other factors. The 

underlying mechanism of the disease is complex 

and has not yet been fully understood. Meanwhile, 

the majority of antidepressant medications have a 

history of serious side effects and unsatisfactory 

results. Finding new, potent medications for 

treating depression that have fewer adverse effects 

is crucial. (7) 

Previous research highlighted that the high level 

of proinflammatory cytokines released after stress 

might result in depressive symptoms and that 

brain inflammations play a significant role in the 

pathogenesis of depression and anxiety. (8) 

One of the most prevalent and well-studied 

neurotrophins in the human brain is brain-derived 

neurotrophic factor (BDNF). In addition to being 

crucial for the healthy growth, development, and 

plasticity of glutamatergic and GABAergic 

synapses, BDNF also affects serotonergic and 

dopaminergic neurotransmission via modulating 

neuronal differentiation. (9) BDNF levels in the 

hippocampus are used as biochemical indicators 

for tracking the onset of depression and its 

treatment. (10) 

In the cerebral cortex and hippocampus, the 

cAMP response element-binding protein (CREB) 

is widely distributed. (11) Additionally, CREB is 

essential for neurogenesis and neuroplasticity. It 

provides an improved stress response that is 

important for regaining the structure and function 

of neurons. (9) 

Fang et al. also stated that greater rates of 

depression had been observed in patients who 

have infections, and the depressed patients had 

higher levels of proinflammatory cytokines and 

lower levels of BDNF, so inflammation has long 

been thought to be a key role in the development 

of depression. (12) 
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Lipopolysaccharide (LPS) is a bacterial endotoxin 

that is considered one of the toxic bacterial 

particles that induce brain inflammations leading 

to depression and anxiety and has been shown to 

cause depressive-like behaviors in rodents, such 

as increased immobility in forced swimming tests 

and tail suspension tests. (13)    

Other studies also showed that various pathways 

linked to depression may be activated by LPS 

injection. The LPS-induced model is also being 

used more frequently to test potential novel 

antidepressants since it causes significant 

neurochemical changes linked to mood regulation. 

(14) 

Since the potential role of fetuin-A in depression 

remains unknown, we aim to investigate the 

influence and the probable mechanisms of fetuin-

A administration on depression in rats targeting 

caspase-1/BDNF / CREB pathway.  

1. Material and Methods  

2.1. Experimental animals 

The study was performed in the animal house 

of the Faculty of Medicine, Tanta University. The 

study was carried out on 40 adult male albino rats 

weighing (180-240 gm) obtained from the 

experimental animal services house of the Faculty 

of medicine, Tanta University. The rats were 

housed in standard, well-ventilated animal cages 

at room temperature, with free access to water and 

food throughout the entire period of work. Three 

rats were the limit allowed per cage in order to 

prevent overcrowding or lowered cage hygiene. 

Five times every week, rats were checked for 

signs of cage aggression or disease. The animal 

experiments were approved by the Ethical Animal 

Research Committee of Tanta University, 

approval number 35963/10/22 

2.2. Drugs and chemicals 

     Fetuin-A & lipopolysaccharide (LPS) were 

supplied by Sigma–Aldrich Co, (St. Louis, MO).  

2.3. Animal groups 

After 1 week of acclimatization, the rats were 

randomly divided into four groups (10 rats each): 

 Group I (Control group): The rats were treated 

with intraperitoneal injection of 0.5 ml sodium 

chloride solution and phosphate-buffered saline 

daily for 10 days. 

Group II (Control treated by fetuin-A group): 

The rats were treated with 100 mg/kg fetuin-A 

dissolved in phosphate-buffered saline, which was 

given daily by intraperitoneal injection for 10 

days. (15) 

Group III (Depression group): The rats were 

treated with 0.5 mg/kg lipopolysaccharide, which 

was dissolved in 0.9% (m/v) sodium chloride 

solution and was given by intraperitoneal injection 

for 10 days. (13)   

Group IV: Depression treated by fetuin-A 

group: The rats were treated with 0.5 mg/kg 

Lipopolysaccharide, which was dissolved in 0.9% 

(m/v) sodium chloride solution and was given by 

intraperitoneal injection for 10 days as group III, 

then 100 mg/kg fetuin-A dissolved in phosphate-

buffered saline which was given daily by 

intraperitoneal injection for another 10 days. (15)  

2.4. At the end of the experimental period: 

Behavioral tests were done on all groups in the 

form of forced swimming test and tail suspension 

test.  

2.4.1. Forced swimming test: 

Before the test, the rats learned to swim in a 

training session then separate swimming sessions 

were required for the rats during the experiment, 

which was conducted in a cylinder with open 

Plexiglas, a height of 50 cm, and a diameter of 

22.5 cm, which was filled with water to the extent 



 Ameliorative Effect of Fetuin-A on Depression           67 

of 75% of its total volume to prevent the rodents 

from escaping. Each rat was introduced to the 

water gradually and carefully. Each rat underwent 

a 5-minute test period. The floating, swimming, 

and struggling time in seconds for each rat was 

recorded. (16) 

2.4.2. Tail-suspension test: 

Rats were put through a brief period of stress in 

this test, which is widely used to research 

depressive-like behavior. Rats were held by the 

tail at the height of 25 cm off the ground. To keep 

the rat in a position where they could not climb or 

flee, adhesive tape was applied to the end of the 

tail. Within the complete observation period of six 

minutes, the average mobility duration was noted. 

Rats were thought to be immobile if they showed 

full lethargy with no movements. We recorded the 

immobility time for each rat in seconds. (17) 

2.5. Tissue Sampling: 

All animals were anesthetized with sodium 

pentobarbital (50 mg/kg, by intraperitoneal 

injection) (18) twenty-four hours after the 

behavioral tests were finished, and then they were 

all sacrificed by cervical decapitation. The 

animals’ skull vaults were dissected out and 

temporal lobes were sagittally divided into left 

and right hemispheres. For histological analysis, 

the left half of the brains in each group were fixed 

in 10% neutral buffered formalin for 24 hours. 

Right hippocampi were carefully extracted and 

thoroughly washed with 0.9% saline and stored at 

– 80 °C and were randomly divided into two 

divisions. One division was assigned for real-time 

gene expression. Another division was assigned 

for biochemical sample analysis after proper 

homogenization; it was dissected, weighed, 

homogenized in cold phosphate buffer (pH 7.4), 

and then centrifuged at 3,000 rpm for 10 min. The 

resulting supernatants were separated in clean 

storage plastic test tubes and stored at -80 °C until 

the time of measurement. 

All the remnants of sacrificed animals were 

discarded in a hygienically and ethical manner by 

safe disposal measures in the general incinerator 

of Faculty of Medicine, Tanta University 

according to the research and safe disposal rules. 

2.6. Biochemical analysis: 

2.6.1. Redox Status parameters: 

Colorimetric determination of malondialdehyde 

(MDA) levels was determined using the 

thiobarbituric acid reactive substance assay; the 

absorbance was read at 532 nm (19), and Enzyme-

linked immunosorbent assay (ELISA) was used to 

detect tissue glutathione peroxidase (Cat 

#NoMBS265966 ) as markers of oxidative stress.  

2.6.2. Immunoassay of inflammatory markers: 

ELISA was used to detect tissue tumor necrosis 

factor-α (TNF-α) using ELISA kits purchased 

from MyBiosource (Cat# No MBS355371), and 

tissue interleukin 6 (IL6) were assayed by ELISA 

kits purchased from MyBiosource (Cat# 

NoMBS269892) according to instructions of the 

manufacturer. 

2.6.3. Immunoassay of markers of apoptosis 

and autophagy: 

ELISA was used to detect tissue Bax protein as a 

marker of apoptosis using ELISA kits which were 

supplied by (Abcam, USA)  (Cat No # ab233624); 

tissue Beclin-1 as a marker of autophagy was 

assayed by ELISA kits provided by (Abcam, 

USA) (Cat No # MOFI00319).  

2.6.4. Immunoassay of tissue BDNF:  

ELISA was used to detect hippocampal tissue 

BDNF using ELISA kits provided by (Abcam, 

USA) (Cat No #ab213899). 

https://www.mybiosource.com/rat-elisa-kits/glutathione-gsh/265966
https://www.mybiosource.com/rat-elisa-kits/interleukin-6-il-6/269892
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2.7. Quantitative assessment of tissue caspase-

1, Glut 1& Glut 2 receptors and CREB relative 

mRNA Expression by quantitative real-time 

reverse transcription PCR (rt-PCR): 

Using a Qiagen RNeasy Total RNA isolation kit 

(Qiagen, Hiden, Germany), total RNA was 

extracted from the frozen brain tissue after it had 

been treated as directed by the manufacturer 

protocol. The total RNA content, purity, and 

integrity were calculated using a NanoDrop 

spectrophotometer (NanoDrop Technologies, Inc. 

Wilmington, USA), and then stored at -80 °C, 

using the OD260 and OD260/280 ratios, 

respectively. The PCR reactions were carried out 

using Power SYBR Green PCR Master Mix (Life 

Technologies, Carlsbad, California, USA).  

Caspase-1 , CREB, GluA1, and GluA2 mRNA 

transcript levels were measured in relation to the 

housekeeping gene GAPDH, which served as a 

real-time PCR reaction's internal control. Primer 

5.0 software was used to create the primer 

sequences (Table 1). The values of the target and 

reference genes were used to automatically 

determine the relative gene expression using the 

comparative threshold (Ct) approach and the 2-

ΔΔCT formula. 

2.8. Histopathological assessments:  

The left half of each brain were fixed into 10% 

buffered formalin and processed for paraffin 

blocks. They were cut into 4 μm thickness-

sections using a microtome. Hematoxylin and 

eosin (H & E) staining was carried out for light 

microscopic examination and histopathological 

assessment. (20) 

2.9. Statistical Analysis 

Mean ± standard deviation was used to express 

data. To evaluate the difference between all 

studied groups, One-way ANOVA was used. To 

assess the results between the two groups, post 

hoc test (Tukey) was used. Results were 

considered statistically significant with P value 

<0.05. SPSS was used to perform statistical tests.  

3. Results 

3.1. Antidepressant action of fetuin-A 

improved behavioral tests: 

 Raising the floating time and reducing swimming 

and struggling time is considered an indicator of 

depression. In this research, for the forced 

swimming test, the results indicated a 

significantly reduced (P < 0.05) duration of 

struggling and swimming time and a significantly 

increased time spent floating after LPS 

administration in the depression group compared 

with the controls (Fig.1). As regard tail 

suspension test, the immobility time was 

significantly increased for the depression group 

compared to the control groups, treatment by 

fetuin-A significantly decreased immobility time 

in depression treated with fetuin -A group 

compared to the depression group (Fig. 1). 

3.2. Effect of fetuin-A on oxidative stress: 

LPS enhances oxidative stress, which is proved by 

the significant increase in levels of the oxidative 

stress indicator MDA in the depression group in 

comparison with controls (P < 0.05). Furthermore, 

levels of GPx, a principal intercellular antioxidant, 

were reduced drastically in depression group in 

comparison with controls (P < 0.05). In the 

depression treated with fetuin-A group, MDA 

level significantly fell and GPx, level rose in 

comparison with depression group (P < 0.05) 

(table 2). 
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3.3. Effect of fetuin-A on proinflammatory 

cytokines &apoptotic and autophagy 

biomarkers: 

 The tissue levels of proinflammatory cytokines 

IL-6 and TNF-α were higher in the depression 

group than in control rats (P < 0.05). Depression 

treated with fetuin-A group showed a significant 

decrease in IL-6 and TNF-α levels compared with 

depressed rats (P < 0.05). (table 2) 

Regarding apoptotic biomarker administration of 

LPS induced a significant increase in tissue Bax 

level compared to the control group. On the other 

hand, fetuin-A caused a significant decrease in 

tissue Bax level compared to the depression group 

(P < 0.05) (table 3). 

Beclin-1, an autophagy marker, showed decreased 

levels in the depression group compared to the 

control group. In contrast, treatment of fetuin-A 

induced a significant elevation (P < 0.05)   in 

Beclin-1 level compared with depressed rats 

(table 3). 

 

Figure 1: Graphical presentation of the effect of fetuin-A on behavioral test  

A) Forced swimming test in the studied groups (floating time, swimming time, struggling time) 

B) Tail suspension test in the studied groups (immobility time) 

Group I(control), group II(fetuin-A), group III(depressed), group IV(treated) 

* denote a statistically significant difference at (P < 0.05) compared to group I 

 
#
 denote a statistically significant difference at (P < 0.05) compared to group II 

$
 denote a statistically significant difference at (P < 0.05) compared to group III 

 

Table 1: Real-time PCR (qPCR) primer pairs 

Gene 
Nucleotide accession 

No. 
Primers 

Amplicon 

size 

Caspase -1 

(ID: 1675178545)  

NM_001223.5 Forward: 5′- TCCGTTATTCCGAAAGGGGC-3′ 

Reverse: 5′ - ATAGCTGGGTTGTCCTGCAC-3′ 

 

128 

CREB 

(ID: 1519313108) 

NM_004379.5 Forward: 5′- GCACTATTGCCCCTGGAGTT-3′ 

Reverse:: 5′- ACCTCTCTCTTTCGTGCTGC-3′ 

85 

GluA1 

(ID: 1890265950) 
NM_001114183.2  

Forward: 5′- TCCCCAACAATATCCAGATAGGG-3′ 

Reverse:: 5′- AAGCCGCATGTTCCTGTGATT-3′ 

 

63 

GluA2 

(ID: 1825761143) 
NM_000826.6  

Forward: 5′- AATGGACGTGTTATGACTCCAGA-3′ 

Reverse:: 5′- CTGACATTCATTCCCATGCCA-3′ 

 

83 

GAPDH (ID: 
2295558031) 

NM_008084.4 
Forward: 5′- TTCACCACCATGGAGAAGGC -3′ 

Reverse:: 5′- TGATGGCATGGACTGTGGTC -3 

241 

https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=1890265950
https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=1825761143
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Table (2): Effect of fetuin-A on oxidative stress & pro-inflammatory cytokines  

 Group I Group II Group III Group IV F. test p. value 

MDA nmol/gm 

tissue 

2.82 ± 0.53  2.81 ± 0.44   8.51 ± 0.66 
*#

 4.21 ± 0.63
*#$

 221.317 0001
*
 

GPX μmol /gm 

tissue 

 

24.41 ± 1.80 23.75 ± 0.82 13.07 ± 1.05
*#

  19.84 ± 1.14 
*#$ 

171.677 0001
*
 

TNF alpha pg/mg 

tissue 

 

14.77 ±1.31 13.85 ± 1.78  39.29 ± 4.37 
*#

 23.49 ± 2.77 
*#$

 175.688 0001
*
 

IL-6 ng/gm tissue 

 

5.79 ± 0.81  6.04 ± 0.66  25.90 ± 3.53 
*#

 8.38 ± 0.54 
*#$

 270.168 0001
*
 

Data are represented as mean ± SD 

* denote a statistically significant difference at (P < 0.05) compared to group I 

 
#
 denote a statistically significant difference at (P < 0.05) compared to group II 

$
 denote a statistically significant difference at (P < 0.05) compared to group III 

 

Table (3): Effect of fetuin-A on apoptotic and autophagy biomarkers: 

 Group I Group II Group III Group IV F. test p. value 

Beclin 1 ng/g 

tissue 

8.77±0.47  8.78 ± 0.44  2.82 ± 0.35 
*#

 5.89 ± 0.53 
*#$

 397.381 0001
*
 

BAX ng/g 

tissue 

2.79±0.44  2.85 ± 0.39  9.07 ± 0.37 
*#

 4.82 ± 0.27 
*#$

 615.995 0001
*
 

Data are represented as mean ± SD 

* denote a statistically significant difference at (P < 0.05) compared to group I 

 
#
 denote a statistically significant difference at (P < 0.05) compared to group II 

$
 denote a statistically significant difference at (P < 0.05) compared to group III 

 

3.4. Fetuin-A treatment ameliorates LPS-

induced increase of caspase-1 expression and 

attenuation of BDNF-CREB pathway in the 

hippocampus  

Rats in the depression group showed increased 

caspase-1 levels and downregulation of CREB 

expression levels in the hippocampus compared to 

the control group. Treatment with fetuin-A 

significantly decreases caspase-1 in the 

hippocampus (table 4). Moreover, Fetuin-A 

administration increased CREB expression in the 

hippocampus (Fig.2).  

Furthermore, Rats in the depression group showed 

downregulation of BDNF, fetuin-A administration 

increased BDNF expression in the hippocampus 

(table 4). 

3.5. Fetuin-A enhances the stability of AMPA 

glutamate receptors AMPARs GluA1&2 in the 

hippocampus 

We investigate AMPAR expression in the 

hippocampal region. As shown in (Fig. 2), as 

compared to the control group, LPS treatment 

significantly reduced the levels of GluA1 and 

GluA2 mRNA in the hippocampus. The LPS-

induced decrease of GluA1 and GluA2 in the 

hippocampal region was greatly mitigated by 

fetuin-A treatment. It is widely known that the 

AMPARs' phosphorylation controls synaptic 

effectiveness. These findings suggest that fetuin-A 

increases the expression of AMPARs in the 

hippocampal postsynaptic membrane. 

3.6.  Histopathological results 

The CA1 in the control group and control treated 

by fetuin-A group (groups I & II) revealed small 

pyramidal cells with rounded vesicular nuclei, 

prominent nucleoli and apical dendrites. The CA1 

region in the depression group (groups III) rats 

exhibited small shrunken pyramidal cells with an 

acidophilic cytoplasm and pyknotic nuclei and the 

apical dendrites of the cells were lost. CA1 in the 

https://en.wiktionary.org/wiki/%CE%BCmol
https://en.wiktionary.org/wiki/%CE%BCmol
https://en.wiktionary.org/wiki/%CE%BCmol
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depression treated with fetuin-A group (groups 

IV) retained an apparently normal appearance 

showing the small pyramidal cells with rounded -

vesicular nuclei and apical dendrites. Also, a few 

small shrunken pyramidal cells with pyknotic 

nuclei were detected (Fig. 3).  

In the control group and control treated by fetuin-

A group (groups I & II), The CA3 hippocampal 

pyramidal cells were well arranged in 3-5 

compact layers with rounded vesicular nuclei.  In 

the Depression group (groups III), The thickness 

of CA3 reduced with distortion of compact layers. 

Shrunken pyramidal cells with deeply stained 

nuclei and pericellar halo & neuropil vacuolations 

were detected. These abnormalities were 

relatively reduced in CA3 in the depression 

treated with fetuin-A group (groups IV) exhibiting 

large pyramidal cells with rounded vesicular 

nuclei and acidophilic cytoplasm. Also, a few 

shrunken pyramidal cells with pyknotic nuclei 

were displayed (Fig. 4). 

    The dentate gyrus (DG) in the control group 

and control treated by fetuin-A group (groups I & 

II) contained numerous densely packed granular 

cells with rounded vesicular nuclei.  In sections of 

the depression group (groups III), the dg exhibited 

numerous degenerated cells with pyknotic nuclei. 

in depression treated with fetuin-A group (groups 

IV), the DG exhibited multiple mature granular 

cells and few degenerated cells. An apparently 

little neuropil vacuolation was demonstrated (Fig. 

5). 

Table (4): Effect of fetuin-A on caspase-1 & BDNF levels: 

 Group I Group II Group III Group IV F. test p. value 

Caspase -1 

mRNA 

expression 

0.90±0.05  0.92 ± 0.05  1.50 ± 0.17 
*#

 1.06 ± 0.13 
*#$

 63.466 0001
*
 

BDNF level 

(pg/mg protein)  

9.03±0.49  9.13 ± 0.47  5.41 ± 0.25 
*#

 7.52 ± 0.24 
*#$

 207.240 0001
*
 

Data are represented as mean ± SD 

* denote a statistically significant difference at (P < 0.05) compared to group I 

 
#
 denote a statistically significant difference at (P < 0.05) compared to group II 

$
 denote a statistically significant difference at (P < 0.05) compared to group III 

 

 

Figure 2: Graphical presentation of the Effect of Fetuin-A on 

A) CREB mRNA expression in in the hippocampus 

B) AMPARs Glut 1&2 mRNA expression in the hippocampus 

Group I(control), group II(fetuin-A), group III(depressed), group IV(treated) 

Data are represented as mean ± SD 

* denote a statistically significant difference at (P < 0.05) compared to group I 

 
#
 denote a statistically significant difference at (P < 0.05) compared to group II 

$
 denote a statistically significant difference at (P < 0.05) compared to group III 
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Figure 3: A photomicrograph of the hippocampus CA1 of the different studied groups stained with H&E 

staining. 

  CA1 area in group I & II (A &B) showing pyramidal cells having rounded vesicular nuclei with prominent nucleoli 

and apical dendrites (arrows).CA1 in group III (C) showing multiple small shrunken pyramidal cells with pyknotic 

nuclei and acidophilic cytoplasm. The apical dendrites of the cells were lost. (wavy arrows). CA1 in group IV (D) 

showing small pyramidal cells with rounded vesicular nuclei and acidophilic cytoplasm (arrows) and a few small 

shrunken pyramidal cells with pyknotic nuclei (wavy arrow) (X 400, scale bar 50 μm).  

 
Figure 4: A photomicrograph of the hippocampus CA3 of the different studied groups stained with H&E staining.  

 CA3 area in group I & II (A &B) contains 3-5 compact layers of pyramidal cells with rounded vesicular nuclei and 

prominent nucleoli (arrows). CA3 in group III (C) showing reduction in thickness and distortion of compact layers. 

Shrunken pyramidal cells with deeply stained nuclei and pericellar halo (wavy arrows) & neuropil vacuolations (stars) 

were detected. CA3 in group IV (D) showing large pyramidal cells with rounded vesicular nuclei and acidophilic 

cytoplasm(arrows). Also, a few shrunken pyramidal cells with pyknotic nuclei were seen (wavy arrow) (X 400, scale 

bar 50 μm).  

 

4. Discussion 

Research on the pathogenesis and therapy of 

depression has been a focus of interest. It is 

crucial to create antidepressant treatments that are 

effective and powerful. (21) Previous research has 

shown that long-term stress exposure can change 

gene expression and cause functional alterations 

in the brain circuit, resulting in abnormal behavior 

(22). 

The hippocampus is a key brain region in the 

neuronal circuit that regulates cognitive and 

emotional behaviors. Chronic stress leads to 

decrease of the expression of AMPAR and 

miniature the amplitude of the hippocampus's 

excitatory postsynaptic current. (10) 
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In this study, we demonstrated that fetuin-A 

exerted an antidepressant effect on LPS-induced 

depression rat models. Our results indicate that the 

antidepressant-like effects of fetuin-A may 

depend on anti-inflammatory activity, 

antioxidative, antiapoptotic and stimulation of 

autophagy. Furthermore, we hypothesized that 

fetuin-A may suppress inflammation brought on 

by caspase-1 in the hippocampus, hence 

enhancing the BDNF-CREB pathway. As a 

consequence, GluA1's Ser845 was phosphorylated 

more frequently, improving the stability of surface 

AMPARs in the hippocampus and ultimately 

controlling depressive-like behaviors in rats. 

There is growing evidence that suggests that 

inflammation may contribute to the etiology of 

depression. (23) Synaptic plasticity is impacted by 

proinflammatory cytokines, which is linked to 

anhedonia, behavioral despair, and cognitive 

decline. (24) LPS causes depressive-like 

behaviors by blocking BDNF-dependent synaptic 

plasticity and increasing the production of 

proinflammatory cytokines in activated microglia. 

(25) 

In addition to other physiological functions, 

BDNF is essential for neurogenesis and synaptic 

plasticity. BDNF levels are noticeably reduced in 

depressed individuals compared to healthy 

controls, although they can be significantly 

increased by antidepressant therapy. (26) 

Depressed animals have lower levels of BDNF, 

which can be restored by antidepressants (27). 

Additionally, elevated proinflammatory cytokines 

lower levels of BDNF and decreased neuronal 

plasticity that depends on BDNF. (10) 

According to previous studies, depression alters 

BDNF-related signaling pathways. CREB, one of 

the most commonly studied transcription factors 

involved in the genesis of depressive and anti-

depressive reactions, controls BDNF expression 

through various signaling pathways. In addition to 

controlling the nucleus, CREB is a crucial 

regulator of other intracellular signaling pathways 

in the nervous system. (28) 

Psychosis and cognitive behavior impairment are 

associated with CREB signal transduction in the 

hippocampus. Additionally, CREB's primary 

downstream target gene is BDNF, and CREB is 

the most common neurotrophin in brain 

dysfunction. Additionally, BDNF is regarded as 

one of the target molecules that has received the 

most attention for regulating the survival, 

differentiation, and brain plasticity of the 

peripheral and central nervous systems. (29) 

Our study showed that the expression levels of 

BDNF and CREB in the hippocampus declined in 

rat models of LPS-induced depression. However, 

the CREB/BDNF signaling pathway was 

regulated, the cell apoptosis was weakened, and 

the depression-like behaviors were improved after 

the treatment with fetuin-A, indicating that fetuin-

A probably exerts an antidepressant-like effect by 

modulating the CREB/BDNF signaling pathway.  

This is in agreement with Liao et al., who stated 

that in the hippocampus of the depression model, 

the expressions of the BDNF and CREB/BDNF 

signaling pathways, including BDNF, CREB, 

phosphorylated ERK1/2, phosphorylated AKT, 

and TrkB (a BDNF receptor), substantially 

decrease. (30) 

AMPARs are glutamate receptors composed of a 

combination of four subunits, GluA1–4, that 

contribute specific properties related to receptor 

function, including kinetics, permeability, and 

trafficking. (31) The pathophysiology of 

depression involves glutamatergic 
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neurotransmission, which is controlled by the 

BDNF signaling pathway. (32) It was found that 

BDNF increased AMPAR transcription and 

protein expression. (33) The delivery of AMPARs 

was linked to the availability of BDNF, according 

to further evidence gathered utilizing various 

biochemical and physiological approaches. (33) 

We thus examined the expression of AMPARs in 

the hippocampus. Our result revealed a significant 

reduction in the surface expression of AMPARs in 

the hippocampus of depressed rats, and these 

changes were reversed by fetuin-A therapy which 

reversed the LPS-induced reduction in 

hippocampus GluA1 and GluA2 mRNA. These 

findings imply that AMPARs function may help 

explain fetuin-A's antidepressant-like effects. 

Zhang et al. demonstrated that the antidepressant 

medication tianeptine works by stimulating the 

BDNF-TrkB pathway and restoring defective 

AMPAR mobilization. (34) 

Neurodegenerative and depressive diseases are 

frequently caused by etiologic variables such as 

neural inflammation and apoptosis. (35). Zhao et 

al. concluded that Proinflammatory cytokines 

(TNF-, IL-1, and IL-6) and COX-2 were 

overproduced in the hippocampus tissue after 

exposure to LPS. (36) Increased production of 

proinflammatory cytokines has been linked to the 

inflammatory reaction that occurs after exposure 

to LPS. (37) The administration of fetuin-A, 

however, showed neuroprotective properties by 

inhibiting the inflammatory cascade.  

Fetuin-A has been shown in numerous studies to 

be an effective anti-acute phase protein in sepsis; 

it has a much more complicated role in 

inflammatory processes and it may be a protein 

that stimulates or suppresses the acute phase 

depending on the specific triggers. TNF-alpha, 

interleukin (IL)-1, IL-6, and IFN-γ are examples 

of proinflammatory cytokines implicated in the 

early stage of inflammation. (38) Our study 

revealed that LPS increased the level of 

inflammatory cytokines TNF-alpha, IL6 but 

treatment with fetuin-A decrease these cytokines 

indicating the anti-inflammatory effect of fetuin-

A, this in agreement with Kim et al. who stated 

that LPS causes the immune system to become 

activated by the release of cytokines such as IL-6 

and TNF-α (39). TNF-α and IL-1β levels are 

reduced by fetuin-A during experimentally 

induced intestinal ischemia/reperfusion. (1) 

Additionally, oxidative stress is crucial to the 

pathophysiology and development of psychiatric 

disorders like bipolar disorder and depression. 

(40) One of the causes of depression is frequent or 

unpredictable stress, which increases the 

production and release of ROS, depletes the 

body's supply of natural antioxidant proteins, and 

causes neurodegeneration and necrosis. (41) The 

current work investigated LPS-induced 

hippocampus oxidative damage and found that 

MDA levels were elevated and the antioxidant 

system was suppressed as evidenced by decreased 

antioxidant molecule activities, including GPx, 

fetuin-A administration protected hippocampal 

tissues by increasing endogenous antioxidants and 

preventing the production of pro-oxidants. These 

results align with those of Asadi et al.
 
 (42) who 

discovered that fetuin-A increased total 

antioxidant capacity levels and also inhibited the 

production of MDA in ovarian tissue. 

Furthermore, according to El-Malkey et al., 

fetuin-A downregulates tissue MDA in 

experimentally induced intestinal 

ischemia/reperfusion. (1) 
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Moreover, in this study, we found that LPS induce 

neuronal apoptosis, evidenced by an increase in 

caspase-1 expression in brain tissue and also an 

increased level of Bax. However, fetuin-A 

treatment significantly downregulates the level of 

Bax and Caspase-1, preventing neuronal 

apoptosis.  

In hyperlipidemic circumstances, circulating 

fetuin A plays crucial roles in cell dysfunction and 

apoptosis. (43) Fetuin-A may act as a protective 

agent against tissue damage through the 

prevention of apoptosis; it may indirectly lessen 

hepatic apoptosis by inhibiting TNF- α, which 

could induce hepatic apoptosis. (2)  

Previous studies have demonstrated that oxidative 

stress and autophagy pathways interact in various 

diseases.
 

(44) There is a connection between 

autophagy and several diseases, including stress-

related diseases like depression. (45) Fetuin-A 

induce autophagy through upregulation of the 

level of beclin 1 in the hippocampus, thus 

improving the depression-like behavior of 

depressed rats. Soares et al.
 
(46) stated that an 

effective autophagy mechanism is necessary for 

cells to survive stress; Evidence suggests that cell 

death and abnormal function may also be caused 

by inadequate autophagosome processing. Fetuin-

A protects against experimentally induced 

intestinal ischemia/reperfusion through 

suppression of autophagic cell death. (1)  

Other studies revealed that LPS administration 

causes depressive-like behaviors in rodent models, 

including increased immobility during the FST 

and TST, a reduction in saccharin solution 

consumption, the inhibition of sexual behavior, 

and a reduction in cocaine-induced location 

preference. (44) We used the FST and TST in our 

work, which have been widely used for the 

preclinical screening of antidepressants, to assess 

depressive-like behaviors in rats. Here, we found 

that rats given LPS showed an increase in floating 

duration, decreased swimming and struggling time 

in the FST, and an increase in immobility time in 

the TST. Additionally, we showed that fetuin-A 

reduces depressive-like behaviors in the rat model 

of depression caused by LPS. 

Our histopathology findings demonstrated that 

fetuin-A alleviated the Lipopolysaccharide-

induced neurodegeneration in hippocampal 

regions.  Rubah et al. demonstrated that LPS-

induced depression model micrographs showed 

the production of vacuoles, swollen cytoplasm, 

and scalloped morphology of neurons with 

cytoplasmic eosinophilia and nuclear basophilia 

(47). Another study confirmed that LPS reduced 

the expression of survival neurons (48). Fetuin-A 

functions as a neuroprotective and anti-

inflammatory molecule in the brain, as well as 

having pleiotropic effects on target organs (49). 

5. Conclusion  

Fetuin-A ameliorates depression-like behaviors of 

rats by controlling the CREB/BDNF signaling 

pathway, which may serve as a new target for the 

treatment of depression. These findings provide 

new insights into fetuin A for the treatment of 

depression. 

6. Recommendation  

The results provide a novel insight into the 

potential use of fetuin-A to expand a 

therapeutic and protective window against 

depression-related effects, an area that still 

requires further study, which still needs more 

research. Additionally, fetuin-A analogues 

could be developed and used as potential 

therapeutic targets for neurological 

impairments. 
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