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Abstract 
    Background: Restraint stress causes inflammation in nervous system that leads to emersion of neurodegenerative diseases. Spinach 
(Spinacia oleracea L.) contains different agents with antioxidant, antiapoptosis, and hepatoprotective properties. This study examined 
the effect of spinach hydroalcoholic extract (SHE) on TNF-α and IL-1β expression in hippocampus of male Wistar rats exposed to 
chronic restraint stress.  
   Methods: Rats were divided into 6 groups of 5: (1) control (intact); (2) nS-S200; (3) nS-S400; (4) stress; (5) stress-S200; (6) stress-
S400. Groups 2 and 3 and groups 5 and 6 received S. oleracea leaf hydroalcoholic extract in 200 and 400 mg/kg doses for 21 consecutive 
days by gavage. Groups 4, 5 and 6 were put in a restrainer 6 hours per day for 21 consecutive days. Then, the expression of IL-1β and 
TNF-α mRNAs and neuronal death in the hippocampus of rats were assessed by real time PCR and Nissl staining, respectively. One-
way analysis of variance was used for data analysis, and p<0.05 was considered statistically significant. 
   Results: The results showed that the expression of IL-1β and TNF-α was increased in hippocampus of rats exposed to stress compared 
to control groups (p<0.001). Furthermore, the expression of these proinflammatory cytokines was decreased in the stress-S200 and 
stress-S400 groups when compared to stress group (p<0.001). Immobility also caused neuronal death in CA1 region of hippocampus, 
and SHE reduced damage in CA1 pyramidal neurons layer in stressed rats. 
   Conclusion: Spinach decreases neuroinflammation in hippocampus of stressed rats, which may be due to its abundant anti-
inflammatory and antioxidant phytochemicals. The results of this study suggest that spinach may be effective in the prevention and 
treatment of neurodegenerative diseases. 
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Introduction 
Stress is defined as physiological and psychological re-

sponses of the body to overcome changes in homeostasis. 
Although acute stresses are essential for survival, chronic 
stresses cause poor performance in the nervous and cardio-
vascular systems.  Stress causes cognitive dysfunction and 
psychiatric disorders. The emergence and development of 
several neuropsychiatric diseases depend on stress (1, 2). 

The most susceptible tissues responding to long-lasting 

stressors are hippocampus, amygdala, and prefrontal cortex 
that undergo functional and structural remodeling (3). 
Chronic stress selectively increases the number and activity 
of microglia in hippocampal CA3 region (4). Under chronic 
stress, microglia cells release interleukin-1β (IL-1β) and tu-
mor necrosis factor α (TNF-α) (5). The elevation of proin-
flammatory cytokines production has been considered as a 
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↑What is “already known” in this topic: 
Restraint stress induces oxidative stress, neuroinflammation, 
and neuronal apoptosis in hippocampus.   
 
→What this article adds: 

Hydroalcoholic extract of Spinacia oleracea L. suppresses IL-1β 
and TNF-α mRNA expression and reduces neuronal death in the 
hippocampal CA1 region in rats exposed to chronic restraint 
stress. 
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critical factor for neurodegenerative diseases and psychiat-
ric disorders (6). 

It is generally accepted that stress causes inflammatory 
responses which contribute to cell damage and toxicity. 
Continuous excitation of neurons by ionotropic NMDA re-
ceptors in response to stress mediators (eg, cortisol) leads 
to the release of excitatory amino acids and could be the 
reason for cell death by excite-toxicity (7). Furthermore, 
hyperexcitation during stress generates reactive oxygen 
species (ROS) that could damage the cellular membrane. 
Damaged neuronal and glial cell release TNF-α and IL-1β 
that could induce neurodegenerative diseases (8, 9). In ad-
dition, high levels of glucocorticoids secreted by adrenal 
glands in response to stressful conditions cause neuronal 
damage, which is associated with increased production of 
ROS. Increasing the level of ROS in the CNS is also asso-
ciated with neuropsychiatric disorders such as Alzheimer's 
disease, depression, and anxiety (10, 11).  

Restraint stress has been used in rodents as a model for 
human disease and psychological disorders. Research stud-
ies have shown that restraint stress causes impairment in 
spatial memory's dependence on the hippocampus and hip-
pocampal long-term potentiation. Synaptic loss and apical 
dendrites retraction in CA3 subregion of the hippocampus 
have been associated with such effects (12-15).  

With respect to the role of neuroinflammation in neuro-
degeneration and cognitive impairment, it seems that pre-
venting the production of inflammatory factors can greatly 
inhibit the development of neuropsychiatric diseases. Anti-
oxidants are important in this regard because they largely 
prevent neuroinflammation (16). Herbs are being increas-
ingly studied as important natural sources for antioxidant 
and anti-inflammatory substances. The flavonoids and phe-
nolic compounds are effective substances that exert anti-
inflammatory and antioxidant activity (17, 18). S. oleracea 
L. that is rich in flavonoids, phenolic components, carote-
noids, vitamins, and minerals has been used as an antioxi-
dant and anti-inflammatory herb, hepatoprotective, and an-
ticancer agent (19-21). Considering the effects of spinach 
in inflammation and oxidative stress, it is proposed that 
SHE protects hippocampus against chronic restraint stress 
induced inflammation. In this study, the SHE effects on the 
expression of IL-1β and TNF-α genes, as indicators of in-
flammation and neuronal death in hippocampus of rats ex-
posed to chronic immobility stress, have been examined. 

 
Methods 
Chemicals: All chemicals (Chloral hydrate, Sodium cit-

rate, EDTA, Ammonium sulfate) were purchased from 
Merck. 

 
Preparation of Spinacia oleracea L. extract 
S. oleracea L. was obtained from farms in Zanjan, Iran 

and verified by a specialist. Then, SHE was prepared from 

shade dried and powdered leaves: 100 g of pulverized S. 
oleracea was mixed with 300 mL of 70% ethanol, and the 
mixture was filtered by Whatman paper after 48 hours. 
Next, the extract was dried at 70°C, stored at 4°C, and dis-
solved in distilled water to obtain desired concentration 
(22).  

Animals and experimental design: Thirty male Wistar 
rats (180-220 g) were housed in the room temperature at 
24°C, with a 12-hour light-dark cycle and fed with typical 
pellet food and water ad libitum. Rats were divided into 6 
groups of 5: (1) control (no stress); (2) nS-S200; (3) nS-
S400; (4) stress; (5); stress-S200; and (6) stress-S400. 
Chronic stress was induced into groups 4, 5, and 6 by plac-
ing them in a restrainer 6 hours per day for 21 consecutive 
days (15). Groups 2 and 5 received 200 mg/kg, and groups 
3 and 6 received 400 mg/kg Spinacia extract per day by 
gavage during the 21 stress days. Control and stress groups 
received water instead of the extract by gavage. The doses 
of SHE were selected based on the effective doses in a 
study that proved the anxiolytic effect of spinach (22). The 
ethical committee of Islamic Azad University approved the 
study protocol. 

 
RNA extraction 
At the end of the experimental period, the rats were im-

mediately sacrificed under chloral hydrate anesthesia. 
Brains were extracted from skull and hippocampi were col-
lected immediately and kept in homemade RNAlater solu-
tion – for stabilization and protection of cellular RNA- (25 
mM sodium citrate, 10 mM EDTA and 70 g of ammonium 
sulfate/ 100 mL, pH 5.2) at 4°C. Then, the total RNA was 
extracted from hippocampal tissues by RNX plus Kit 
(Sinaclon Co, Iran) according to the procedure.  

 
Real time PCR 
Two-step real time PCR was performed to analyze IL-1β 

and TNF-α RNA level in each sample. In the first step, 
cDNA was synthesized from 0.5 µg of the total RNA using 
cDNA Synthesis Kit (TaKaRa) in a 20 µL reaction mixture 
with random primers. In the second step, 1 µL of this mix-
ture was added to 24 µL of PCR mixture containing each 
primer (0.4 µM) and DNA polymerase master mix with 
SYBR Green (RealQ Plus Master Mix Green, Ampliqon). 
After heating at 95°C for 15 minutes, 40 cycles of PCRs 
were performed in 20 seconds at 95°C, 30 seconds at 56°C 
and 30 seconds at 72°C; and at the end of each cycle, the 
amount of fluorescence describing dsDNA was measured 
(Rotor-Gene Q, QIAGEN) (23). Primers were designed by 
Oligo7 software and checked by primer blast 
(https://www.ncbi.nlm.nih.gov/tools/ primer-blast) to ex-
clude unspecific primers. The sequences are presented in 
Table 1. 
 

Table 1. Designed primers for desired genes 
Target gene Primer sequence (5′–3′) 
IL-1β Forward: CAGCTTTCGACAGTGAGGAGA Reverse:  TTGTCGAGATGCTGCTGTGA 
TNF-α Forward: ATGGGCTCCCTCTCATCAGT Reverse:  GCTTGGTGGTTTGCTACGAC 
B2M* Forward: CGAGACCGATGTATATGCTTGC Reverse:  GTCCAGATGATTCAGAGCTCCA 

* B2M, β2 microglobulin is a housekeeping gene that was used as reference gene 
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Nissl Staining 
One brain hemisphere of each rat was embedded in par-

affin, and 5 micrometer slices (from 2.7 to 3.7 mm posterior 
to bregma) were dyed by cresyl violet (1%). Then, pyram-
idal neuron counting in CA1 was performed by optical mi-
croscope – zooming ×400 – and neuronal death percentage 
was calculated [(average neuron number in sections of con-
trols − number of neurons in sections of treated group) / 
average neuron number in controls sections × 100] (15).  

 
Statistical analysis 
All data are shown as mean ± standard error (SE). Signif-

icant differences between groups were examined using one-
way analysis of variance following HSD and Tukey post 
hoc test.  P<0.05 was considered as statistically significant. 

 
Results 
Relative expression of IL-1β and TNF-α mRNA, com-

pared to β2 microglobulin mRNA as the reference gene, 

was examined by ΔΔCt. The results of IL-1β mRNA ex-
pression data showed that mRNA level of this gene in stress 
group has been elevated 4.28 (±1.49) folds compared to 
control group. Treatment of both stress-S200 and stress-
S400 groups with defined doses of SHE reduced the IL-1β 
mRNA level to 1.77 (±0.4) and 0.89 (±0.1) folds of control, 
respectively. The changes of IL-1β mRNA level in SHE 
consumed groups were statistically significant (p<0.000 
compared to stress group) (Fig. 1). However, treatments of 
non-stressed groups with counterpart doses of SHE did not 
make significant changes in IL-1β mRNA expression level 
compared to controls. The results also showed that immo-
bilization caused a significant increase in the expression of 
TNF-α mRNA 8.05 (±2.50) fold of the control, and admin-
istration of SHE in both doses ameliorated stress effect in 
rats’ hippocampus (p=0.005 and p<0.001) (Fig. 2). In addi-
tion, similar to the IL-1β gene in the hippocampus of non-
stressed rats, the administration of SHE did not change the 
expression of TNF-α gene (Figs.  1 and 2). 

 
Fig. 1. The results of changes in the expression of TNF-α in the hippocampal tissue of chronic restraint stress 
rats. Values presented as mean±SE (n=5). *** P<0.001 vs control; ## P<0.01 and ### P<0.001 vs stress group. 
 

 
Fig. 2. The results of changes in the expression of IL-1β in the hippocampal tissue of chronic restraint stress 
rats. Values are presented as mean±SE (n=5). *** P<0.001 vs control; ### P<0.001 vs stress group. 
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    Reduction in neuronal layer thickness and number of 
pyramidal neurons in CA1 area were observed by a histo-
logical study (Fig. 3). Restraint stress reduced the pyrami-
dal neurons population in CA1 (11.56±0.62%) (p<0.001) 
(Table 1). SHE prevented neuronal reduction in CA1 and 
the neuronal death percentage in this region in stress-S200 
and stress-S400 groups compared to Stress group (p<0.001) 
(Table 2). No remarkable change was observed in nS-S200 
and nS-S400 groups.  

 
Discussion 
In general, stress affects the central nervous system and 

can exacerbate the effects of stress factors, which may 
cause abnormal responses to many neurological and physi-
ological problems (1, 24). In the hippocampus, stress can 
cause dendritic retraction of pyramidal neurons and reduc-
tion in synapse number (25). Such events are due to the 
change in the production and secretion of cytokines that 
lead to memory impairment, Alzheimer’s disease, and neu-
ropsychiatric disorders (26, 27). Previously, it was shown 
that chronic restraint stress in rats leads to spatial memory 
impairment and anxiety behavior (15, 22). The results of 
this study confirmed that the proinflammatory factors TNF-
α and IL-1β expression were increased in the hippocampus 
of rats exposed to restraint stress 6 hours a day for 21 con-
secutive days, which was followed by neuronal death in 
CA1 area of hippocampus. This finding is in agreement 
with those of other studies that have demonstrated restraint 
or immobilization stress upregulates the expression of IL-
1β and TNF-α in brain’s compartments and causes neuronal 
death in hippocampus (15, 28, 29). For example (regarding 
to IL-1β), it has been reported that IL-1β and TNF-α genes 
expression increased in animal models of restraint stress in 
hippocampus (29). Moreover, a chronic restraint stress in 
the condition similar to this study (6 h a day for 21 succes-
sive days) demonstrated that TNF-α level increased in the 
hippocampus of stressed rats at the end of restraint period 
(30). 

Elevation of IL-1β in stressed mice induces apoptosis as 
a result of ROS production (31). Thus, considering the role 

of IL-1β and TNF-α in the onset of apoptosis, neuronal re-
duction in hippocampal neurons is also reasonable. Accord-
ingly, an increase in the level of IL-1β and TNF-α leads to 
neurodegeneration and cognitive impairment, but preven-
tion of inflammation factors expression may inhibit its neu-
ropsychiatric effects (32, 33).   

Spinacia oleracea, which is known as spinach and is con-
sumed as vegetable, contains many flavonoids, phenolic 
compounds, carotenoids, vitamins, and minerals and have 
significant anti-inflammatory and antioxidant roles (19-
21). The investigation of the inhibitory effects of S. 
oleracea hydroethanolic extract on inflammation and neu-
ronal death in the hippocampus of chronic restraint-stressed 
rats indicated the amelioration of IL-1β and TNF-α expres-
sion and suppression of cell death in hippocampus com-
pared to the stress group (p<0.05 and p<0.001, respec-
tively). Also, it has been demonstrated that intraperitone-
ally injection of S. oleracea leaf extract (50 mg/kg) causes 
inhibition of IL-1β and TNF-α expression in the brain of 
lipopolysaccharide injected mice (34).  

Various studies have been conducted on the antioxidant 
and anti-inflammatory effects of the active constituents of 
spinach. Although the antioxidant impact of spinach has 
been widely considered in neurodegeneration diseases, 
other neuroprotective aspects of spinach should also be 
noted. Pervasive studies have shown reciprocal impacts of 
oxidative stress and inflammation pathways (35). There-
fore, in addition to antioxidant activity, the neuroprotective 
effect of spinach may associate with anti-inflammatory im-
pacts of its phytochemicals. 

Luteolin and apigenin, flavonoids found in spinach, in-
hibit the induction of TNF-α and IL-6 in microglia by in-
hibiting STAT-1 (36). In addition, Quercetin, another fla-
vonoid found in spinach, reduces TNF-α and IL-1β produc-
tion in macrophage in rats (37). In another study, quercetin, 
kaempferol, and genistein (spinach flavonoids) showed 
anti-inflammatory effects by inhibition of NF-κB, iNOS, 
and STAT-1 in signaling pathways (38). Youngha et al 
(2011) demonstrated that beta-carotene, a carotenoid found 
in spinach, could suppress the expression of proinflamma-

 
 
Fig. 3. Effect of chronic treatment of SHE on restraint-induced damage in CA1 region of rats’ hippocampus. Photomicrographs 
showed a considerable neuronal loss and thinned pyramidal cells layer in CA1 area of the stress group and a significant improve-
ment in rats treated with SHE. Photos represent ×400 magnification. Left to right: control, stress, stress-S200 and stress-S400.  
  
Table 2. Effect of chronic treatment of SHE on immobility-induced neuronal loss in CA1 region of hippocampus. 

Group  Percentage of neuronal loss in CA1 area (mean±SEM) 
Control  0 
nS-S200 1.18±0.49 
nS-S400 1.33±0.80 
Stress 11.56±1.98 *** 
Stress-S200 4.45±1.35 ### 
Stress-S400 4.79±0.84 ### 

The percentage of neuronal loss was calculated [(average neuron number in control sections−neuron number in treated group sections)/ average neuron 
number in control sections×100] in all groups. Data shown as mean±SE (n=5). *** P<0.001 vs control; ### P<0.001 vs stress group. 
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tory factor IL-8 by preventing NF-κB activation (39). Be-
sides, several studies have shown that vitamin E, which is 
abundantly found in spinach, reduces lipid peroxidation 
and production of superoxide, preventing TNF-α, IL-1β 
and IL-6 expression (40). Therefore, SHE, which is rich in 
anti-inflammatory and antioxidant compounds, has been 
able to reduce the expression of TNF-α and IL-1β genes 
and inhibit CA1 area neuronal death, which is in agreement 
with the results of the present study. Recently, the results 
of a study suggested that hydroalcoholic extract of spinach 
in the same doses used in the present study improved spatial 
memory in rats exposed to immobility stress (22). Such re-
sults indicate the probability of the memory protecting ef-
fect of spinach by preventing the expression of inflamma-
tory factors. 

The results of this study also showed that S. oleracea L. 
extract does not influence the expression of IL-1β and TNF-
α in rats that had not been exposed to stress earlier. This 
constancy in the cytokine’s expression may be due to the 
presence of hemostasis in the hippocampus of non-stressed, 
rats which preserves the antioxidant/oxidant balance. De-
spite the fact that hemostasis is missed in rats that had been 
exposed to stress, active constituents of spinach are used to 
maintain hemostasis. Neuroinflammation is closely linked 
to oxidative stress, which is the main mechanism of stress-
related disorders, especially in the brain (41).  
 

Conclusion 
Hydroalcoholic extract of S. oleracea reduces neuroin-

flammation and hippocampal neuronal death in stressed 
rats, which may be due to its anti-inflammatory and antiox-
idant phytochemicals. Neuroinflammation and neural 
apoptosis are common symptoms of neurodegeneration, so 
it seems that spinach can be effective in preventing neuro-
degenerative diseases by reducing neuroinflammation and 
neuronal death.  
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