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1 Introduction
Polyunsaturated Fatty Acids (PUFAs) are linear fatty acids 

containing two or more double bonds and having a carbon chain 
length of 18-22 carbon atoms. PUFAs are classified into n-3, n-6, 
n-7 and n-9 series according to their structural characteristics 
and metabolic transformation methods in humans. Among them, 
n-3 and n-6 series of PUFAs play a central role in the function 
and normal development of the brain and central nervous 
system (Bo et al., 2017). DHA and perilla oil are representative 
of n-3 PUFAs, and walnut oil, safflower oil, α-linoleic acid are 
representative of n-6 PUFAs.

The brain has highest lipid content in the human body, and 
35% of the brain composition is PUFAs. n-3 and n-6 PUFAs play 
a very important role in the normal functioning of the normal 
development and function of the brain and central nervous 
system. The intake of PUFAs is insufficient or unbalanced, 
it will have a serious impact on brain function during the 
growth and development stage (van der Wurff et al., 2020). The 
supplementation of PUFAs is necessary to maintain the normal 
function of the adult brain, especially learning and memory 
(Fan et al., 2022). The supplementation of PUFAs in infants and 
young children can promote brain growth and development 

in children (Zou et al., 2021; Mun et al., 2019), and delay the 
decline of brain memory function in middle-aged and old 
age (Alex et al., 2020) and reduced risk of Alzheimer’s disease 
(Wood et al., 2022; Sala-Vila et al., 2021). Hippocampus, as a 
structure in the brain that regulates learning and emotions, is 
a good research target for many neuroscientists. The long-term 
potentiation (LTP) of the hippocampus is a synaptic model 
of memory by activating a post-synaptic glutamate receptor 
subtype NMD receptor (N-methyl-D-aspartate receptors). The 
supplementation with DHA can enhance synaptic plasticity and 
spatial learning and memory (Pérez et al., 2018).

The explore of mechanism of PUFAs to improve learning and 
memory in rats from the molecular level, its providing a direction 
for further research on the mechanism of PUFAs to improve 
learning and memory in the future. In the present study, DHA, 
perilla oil, walnut oil, safflower oil and α-linoleic acid were used 
to feed the developing rats, and Carboxy methyl cellulose sodium 
(CMC) was used as a control. Morris water maze experiment 
was used to investigate the effects of various oils on learning and 
memory in rats. The expression of immediate early genes c-Fos, 
cAMP response element binding protein (CREB) and NMDA 
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receptor subunit (NR1) mRNA in hippocampus was detected 
by RT-PCR. The expression of CREB and c-Fos proteins in rat 
hippocampus were detected by western-bolt technique. The cell 
model was constructed by cultured hippocampal neurons in 
vitro, and the hippocampal neurons were detected by RT-PCR 
mRNA expression of c-Fos, CREB and NR1.

2 Materials and methods
2.1 Materials

DHA (purity 35%) was purchased from Hubei Fuxing 
Biotechnology Co, Ltd. perilla oil (purity 77.1%), and walnut oil 
(purity 79.5%) were purchased from Hubei Li Shizhen Health 
Oil Co, Ltd. safflower seed (purity 83.2%) was purchased from 
Xinjiang Tacheng Honghuayuan Technology Co, Ltd. α-Asiaoleic 
acid (purity 100%) waspurchased from Zhengzhou Zhongxin 
Chemical Products Co, Ltd. sodium carboxy methyl cellulose 
(CMC) was purchased from Lianyungang Youjin Food Additive 
Technology Development Co, Ltd. Ordinary feed (formula: corn 
45%, 35% powder, 25% bran, 5% fish meal, 10% soybean meal, 
4% bone meal, 0.5% salt, 0.5% multidimensional) was purchased 
from Tongji Medical College, Huazhong University of Science 
and Technology. Special feed (deducted from unsaturated fatty 
acids, formula: corn 18%, fish meal 4%, bran 12%, flour 33%, 
soybean meal 31.5%, bone meal 1%, salt 0.5%) purchased from 
Hubei Province experiment Animal Research Center.

Clean-grade primary weaning SD rats weighing (80 ± 10) g, 
provided by Hubei Experimental Animal Research Center, license 
number: SCXK (E) 2018-0005. This study was approved by the 
Research Ethics Committee of Wuhan Polytechnic University 
[No. WHPU20181107]. TRIzol Reagent (total RNA extraction 
kit)Invitrogen; All-in-One TM First-Strand cDNA Synthesis 
Kit, All-in-One TM qPCRMix (Sybr Green Fluorescent Dye 
Quantitative PCR) GeneCopoeia TM; NR1, CREB, c-Fos 
and GAPDH primers were synthesized by Beijing Dingguo 
Biotechnology Co, Ltd. Other chemicals used were of analytical 
reagent grade.

2.2 Methods

Animal grouping and feeding

Fifty-six Male Sprague-Dawley rats (8-9 weeks old weighing 
180-200 g) were purchased from Tonji Medical College of Huazhong 
University of Science and Technology (Wuhan, China). The rats 
were housed five per cage and maintained in a 12-hour day/
night cycle and kept under standard laboratory conditions with 
a room temperature of 22 °C ± 1, relative humidity 60% ± 10%, 
and 20 air changes per hour. After acclimatized on laboratory 
conditions for 1 week before the experiment and randomly 
allocated to seven groups of 8 animals each fed for 16 weeks: 
negative control group (general feed), EFA deletion (feed of 
PUFA), DHA (300 mg/kg·d), perilla oil (2.445 mL/kg·d), walnut 
oil (2.445 mL/kg·d), safflower seed oil (1.6503 g/kg·d), α-linoleic 
acid (1.3203 g/kg·d). This dosage is based on the recommended 
consumption of edible oil in the Dietary Balance Pagoda of the 
Chinese Nutrition Society for 25 g per person per day, which is 
converted into the equivalent dose of the rat by the corresponding 

conversion, and then refer to the previous experimental results 
(Liang et al., 2011; Wang et al., 2013). The oral dose of perilla 
oil and walnut oil was determined to be 2.445 mL/kg·d, and 
then the equivalent α-linoleic acid group and safflower were 
determined according to the content of α-linoleic acid in walnut 
oil. The intragastric dose of the seed oil and the intragastric 
dose of the DHA are the best doses determined according to 
the experimental results of the previous period.

Each group of rats was given the same amount of feed per 
day, and they were given free drinking water. At the same time, 
each group of rats was orally administered. The experimental 
group required to administer the test substance required 5% 
carboxymethyl cellulose for the test substance. The sodium 
solution was diluted so that the test substance was better absorbed 
in the rats, the negative control and the EFA-deficient were 
intragastrically administered with a corresponding dose of 5% 
carboxymethy lcellulose solution. The stomach was administered 
for 8 weeks every three days. The body weight of the rats was 
weighed to change the dose administered.

Morris water maze test

The Morris water maze consists of a stainless steel circular 
pool, automatic videorecording and computer analysis processing 
system. The pool is 150 cm in diameter and 50 cm high, and 
the water temperature is controlled at 22 ± 1 °C. A camera with 
a display system is installed above the pool to simultaneously 
record the movement of the rat in the pool. The circular pool 
is divided into four different quadrants, and the platform is 
placed 2 cm below the second quadrant horizontal plane, with 
the intermediate points of the four quadrants as the water inlet 
points. During the whole experiment, the reference material 
around the water maze was kept unchanged, and the surrounding 
environment was kept quiet while the experimenter was not in 
the field of view of the rat. On the 1st day before the experiment, 
the rats were allowed to swim freely for 2 minutes in the pool 
to adapt to the environment. The experiment was divided into 
two parts: positioning navigation experiment and space search 
experiment.

Positioning navigation experiment, the rats were placed 
in the water from the water inlet points of the four quadrants 
in the pool wall, and the time from the water entering to the 
platform was recorded, that is escape latency. After the rat 
climbed the platform, let it stay on the platform for 15 s. If the 
rat still does not find the platform within 90 s, it is towed to 
the platform and allowed to stay on the platform for 15 s. The 
escape latency is recorded as 90 s, with a training interval of 
15 s. After training for 5 days, the average of the five quadrants 
to escape the incubation period was used as the escape latency 
of the day, and the escape latency of the 5th was the final score 
to test the learning ability of the rats.

Space exploration experiment, on the 6th day, the space 
exploration experiment was carried out. The platform was 
removed, and the rats were placed into the water from the 
quadrant (fourth quadrant) farther from the original platform 
position (second quadrant), and the rats were recorded to cross 
the platform within 90s. The number of positions and the effective 
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time ratio (i.e, the ratio of the swimming time of the rat in the 
quadrant of the original platform to the total swimming time) 
to detect the memory ability of the rat.

Gene expression analysis of NR1, CREB and c-Fos

Total RNA from rat hippocampus tissue was extracted 
according to the TRIzol extraction kit instructions. Reverse 
transcription synthesis of cDNA was carried out according to 
the reverse transcription kit method. Finally, the real-time PCR 
was performed according to the SybrGreen kit. The expression of 
the target gene was detected by three-step RT-PCR. The primer 
design of the gene is shown in Table 1. RT-PCR conditions were 
as follows: pre-denaturation at 95 °C for 10 min; denaturation at 
95 °C for 10 s, annealing at 58 °C for 20 s, extension at 72 °C for 
20 s, where fluorescence was collected, cycled 40 times; finally 
incubated at 16 °C for 30 min.

Western blot detection of CREB and c-Fos proteins expression 
in rat hippocampus

Equal amounts of protein (20-30 μg) were separated on 
5-12% SDS-PAGE gels and transferred to polyvinylidene fluoride 
membranes. After blocking in a gelatin-NET solution, blots were 
incubated with Rabbit CREB antibody(1:800) (Epitomics Inc.), 
Rabbit c-Fos antibody(1:800) (Epitomics Inc.), Mouse GAPDH 
antibody(1:1000) (Epitomics Inc.)at 4 °C overnight. Then, bands 
were incubated with specific horse radish peroxidase (HRP)-
conjugated secondary antibodies (1:1000) at room temperature 
for 1 h and visualized by enhanced chemiluminescence (ECL) 
substrate with UVP Auto Chemi Image system (UVP Inc, Upland, 
CA, USA). Protein loading was evaluated by anti-GADPH 
antibody (1:1000). Band intensities were quantified using UVP 
LabWork 4.5 software (UVP Inc, Upland, CA, USA).

Primary culture of hippocampal neuronal cells

The newborn rats within 24 hours, after disinfection in 
75% alcohol, as for the sterile ice pack, directly broke the head, 
quickly dissected the meninges and removed the hippocampus 
tissue under the dissecting microscope, then used the pre-
cooled D-hanks solution and washed twice. It was cut to a size 
of 0.5 mm 3 (suspended state), then an equal volume of 0.25% 
trypsin was added to maintain a final trypsin concentration 
of 0.125%, digested at 37 °C for 10 min, and gently shaken 
once every 3 min during digestion. After the end of digestion, 
added an equal volume of planting medium to terminated the 
digestion, pipet several times, filtered on 200 mesh cell sieve, 
centrifuged at 1000r/min for 5min, discarded the supernatant, 
left the precipitate (precipitation is the cell), and finally used 

the planting medium to suspend. The cells were transferred to 
an ornithine-treated cell culture flask and cultured at 37 °C in 
a 5% CO2 incubator.

Grouping of hippocampal neuronal cells

After primary culture, hippocampal neurons were divided 
into six groups: negative control group, DHA, perilla oil, α-linoleic 
acid, walnut oil and safflower seed oil. After primary cultured 
hippocampal neurons were cultured for 24 hours, the fresh oil 
medium was exchanged, and the above five oil stock solutions 
were added. The amount of the addition was based on the study 
of Pan Jianping and the concentration of DHA was determined 
to be 50 umol/L. The remaining fats were converted according 
to the concentration of DHA. The negative control group was 
added with an equal volume of medium, and after 24 hours, the 
cells were collected and RNA was extracted.

2.3 Statistical analysis

The experimental results were expressed by x ± s, and 
statistical analysis was performed using SPSS19.0 statistical 
software and prism6.0.1 software. The water maze data were 
statistically analyzed by one-way ANOVA and LSD test, and 
the quantitative PCR data were statistically analyzed by T test. 
*Compared with the negative control group, there was a significant 
difference (p<0.05); **Compared with the negative control group, 
there was a significant difference (p<0.01); #Compared with 
the negative deletion group, significant Differences (p < 0.05); 
##Compared with the negative deletion group, there was a 
significant difference (p <0.01).

3 Results
3.1 Determination of spatial learning and memory ability of 
Morris water maze

After 5 days of directional navigation test, the daily escape 
latency gradually decreased. The decreasing trend of escape 
latency was different in each group, including DHA group, 
safflower seed oil group, walnut oil group, perilla oil group and 
α-linoleic acid group. The change trend of negative control 
group was more consistent with that of EFA deficient control 
group (Figure 1).

In the water maze experiment (Table 2), the escape latency 
of each group was significantly shorter than that of the negative 
control group (p < 0. 05). The shortest escape latency was 
(10.01 ± 3.65) s in safflower seed oil group and (9.96 ± 4.69) s 
in DHA group. The effective time ratio of target quadrant in all 
groups was significantly higher than that of negative control 

Table 1. Primers used in qPCR.

Gene Forward Primer(5’- 3’) Reverse Primer(5’- 3’)
CREB ACCCAGGGAGGAGCAATACA GGTGCTGTGCGAATCTGGTAT
c-fos CGGTCAAGAACATTAGCAACAT AGGAACCAGACAGGTCCACAT
NR1 AAGCTGCACGCCTTTATCTG TCTCATGGGACTTGAGTATGGA

GAPDH CGCTAACATCAAATGGGGTG TTGCTGACAATCTTGAGGGAG
Note: GAPDH is reference gene.



Food Sci. Technol, Campinas, 42, e44222, 20224

PUFAs improving spatial learning and memory

group (p < 0. 05). DHA group was significantly higher than 
that of negative control group (p < 0. 01). The highest target 
quadrant effective time ratio was in walnut oil group and DHA 
group, which were 0.31 ± 0.10 and 0.34 ± 0.06, respectively. 
The crossing times of DHA, walnut oil, perilla oil group and 
safflower seed oil group were significantly higher than that of 
negative control group (p < 0. 05), but there was no significant 
difference between α -linoleic acid group and negative control 
group. DHA group (3.38 ± 1.30) and safflower seed oil group 
(3.38 ± 1.30) times traversing the platform were the most frequent 
ones. These results suggest that the PUFAs could improving the 
ability of learning and memory in rats, but the degree and focus 
are different. And the loss of PUFAs in daily diet can reduce the 
learning and memory ability of rats, but the degree of reduction 
is not very obvious.

The Morris water maze experiment mainly tests the effect 
of experimental PUFAs on learning and memory from the 

perspective of animal behavior. Then, from the perspective of 
genetics, the expression of genes in the hippocampus of mice 
was detected. Changes to explore the mechanism of PUFAs in 
improving spatial learning and memory in the rats.

3.2 Effects of different PUFAs on the expression of NR1, 
CREB and c-Fos mRNA in rat hippocampus

Compared with the negative control, the mRNA expression 
of NR1 in each sample group was significantly increased (p<0.05), 
and the relative expression of NR1 in the hippocampus of DHA 
and walnut oil was higher than those of other groups (P<0.01). 
There was no significant difference in the mRNA expression of 
NR1 in the EFA-deficient (Figure 2a).

The mRNA expression of CREB in all five groups was 
significantly higher than that in the negative control (P<0.05 
and P<0.01) . Both of the DHA and the perilla oil were larger. 

Figure 1. Escape latency variation tendency of rats in five days.

Table 2. Effect of different grease matter on the ablilty of learning and memory of mice in the morris water maze test (x ± s, n=8).

Groups Escape latency(s) Target quadrant time ratio Correct annulus 
crossings(number)

DHA 9.96 ± 4.69*## 0.34 ± 0.06**## 3.38 ± 1.30*
perilla oil 10.12 ± 3.93*## 0.30 ± 0.05* 3.25 ± 1.39*
α-linoleic acid 12.20 ± 3.59*# 0.29 ± 0.03* 2.57 ± 2.07
walnut oil 10.88 ± 1.51*# 0.31 ± 0.10* 3.25 ± 1.04*
safflower seed oil 10.01 ± 3.65*## 0.30 ± 0.03*# 3.38 ± 1.30*
negative control 15.81 ± 3.75 0.23 ± 0.23 1.50 ± 1.38
Essential fatty acid (EFA)-deficient 15.75 ± 4.96 0.25 ± 0.04 2.13 ± 1.55
Note: *Compared with the negative control group, there was a significant difference (p < 0.05);  **Compared with the negative control group, there was a significant difference (p < 0.01); 
#Compared with the negative deletion group, there was a significant difference (p < 0.05); ##Compared with the negative deletion group, there was a very significant difference (p < 0.01). 
There was no significant difference between the two groups.
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The mRNA expression of CREB in the EFA-deficient was not 
significantly different with the negative control (Figure 2b).

The mRNA expression levels of c-Fos in DHA, perilla oil 
and the α-linoleic acid in the hippocampus were significantly 
increased (P<0.05 and P<0.01) . The mRNA expression of c-Fos 
in hippocampus of DHA group and perilla oil group was slightly 
higher than that in other groups. There was no significant 
difference between EFA-deficient and negative control (Figure 2c).

3.3 Effects of different PUFAs on the expression of CREB and 
c-Fos protein in rat hippocampus

The relative expression levels of CREB protein of negative 
control, EFA-deficient control, walnut oil, safflower oil, α-linoleic 

acid, perilla oil and DHA were 1 ± 0, 1.03 ± 0.68, 2.68 ± 1.01, 
2.97 ± 1.46, 3.39 ± 1.43, 4.19 ± 1.57, 4.04 ± 1.71 (Figure 3). All 
five measured variables for relative expression of CREB protein 
in the hippocampus was significant compared with negative 
control and EFA-deficient control. Upward floating (P<0.05). 
There was no significant difference in the relative expression of 
CREB protein in rat hippocampus with negative control and 
EFA-deficient control.

The relative expression levels of c-Fos protein (Figure 4) 
of negative control, EFA-deficient control, walnut oil, safflower 
oil, α-linoleic acid, perilla oil and DHA were 1 ± 0, 0.96 ± 0.76, 
4.16 ± 1.77, 5.07 ± 1.53, 4.17 ± 1.50, 5.43 ± 1.91, 5.94 ± 1.61. 
The relative expression of c-Fos protein in of the five groups 
was significantly up-regulated (P<0.05) compared with negative 

Figure 2. The mRNA expression of hippocampus of rats. (a) NR1; (b) CREB; (c) c-Fos.

Figure 3. The relative protein expression of CREB in hippocampus of rats. (a) Western blotting of CREB treated with different oil. (b)The average 
of protein band grayscale.
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control and EFA-deficient control. No significant differences 
were found among the relative expression of c-Fos protein of 
negative control and EFA-deficient control.

3.4 Expression of NR1, CREB and c-Fos in hippocampal 
neurons

After inoculation, hippocampal neurons were individually 
floating in the cell culture medium. The cells were small, round 
and translucent. After then (1 h of culture), the cells began to 
adhere. Within 8 h-12 h, a few hippocampal neurons began to 
grow. Then (24 h of culture), most of the cells were completely 
adherent, and some of the cells were extended. Short protrusions, 
at this time, the hippocampal neurons were mostly fusiform, 
small, refractive, and there is halo around the cells. At 48 h 
of culture, the volume of the cells increased slightly, and the 
protrusion increased further and became more obvious, the 
cultured mature hippocampal neurons are pleomorphic. The 
cells were mostly pyramidal, triangular, and fusiform, but mostly 
pyramidal. The volume of the cells was obviously larger, and the 
diameter could reach 6-12μm.

Five kinds of stock solutions of DHA, perilla oil, α-linoleic 
acid, walnut oil and safflower seed oil were added to the medium. 
After 24 hours, NR1, CREB and c-Fos in all groups of hippocampal 
neurons were observed. Expressed and presented in a floating 
trend. It can be seen from the results of RT- PCR that the NR1, 
CREB and c-Fos genes of hippocampal neurons in the five medium 
stock solution were expressed in different degrees. The relative 
expression levels of NR1 gene in DHA, perilla oil, α-linoleic 
acid, walnut oil and safflower oil were 1.22 ± 0.22, 1.23 ± 0.23, 
1.18 ± 0.17, 1.19 ± 0.15, 1.20 ± 0.18 (Figure 5a). The relative 
expression levels of CREB gene in DHA, perilla oil, α-linoleic 
acid, walnut oil and safflower oil were 1.64 ± 0.28, 1.55 ± 0.25, 
1.49 ± 0.31, 1.42 ± 0.24, 1.54 ± 0.36 (Figure 5b). The relative 

expression levels of c-Fos gene in DHA, perilla oil, α-linoleic 
acid, walnut oil and safflower oil were 1.33 ± 0.23, 1.31 ± 0.29, 
1.29 ± 0.23, 1.30 ± 0.28, 1.31 ± 0.25 (Figure 5c). The results 
showed that the relative expression of NR1, CREB and c-Fos in 
hippocampal neurons were significantly higher than that in the 
negative control (P<0.05), and the relative expression of NR1, 
CREB and c-Fos in the perilla oil and DHA were higher than 
that in other groups.

4 Discussion
The NR1 subunit is an important component of the N-methyl-

D-aspartate (NMDA) receptor and belongs to the postsynaptic 
membrane protein involved in NMDA receptor-dependent LTP. 
Formation is closely related to synaptic plasticity and learning and 
memory functions of the hippocampus. An L mention that the 
reduced expression of NR1 related to the impairment of formation 
of long-term spatial memory, particularly consolidation memory 
(An & Sun, 2018). Lyu et al. (2020) reported that the inhibition of 
NR1 subunit transcription and protein phosphorylation can lead 
to significant deficits in learning and memory function and the 
impairment of hippocampal LTP. The cAMP response element 
binding protein (CREB) is an important regulator in the nucleus 
of eukaryotic cells (Bartolotti & Lazarov, 2019). CREB plays a 
wide range of physiological functions in the body, especially in 
the nervous system (Belgacem & Borodinsky, 2017). CREB can 
regulate synaptic plasticity and learning and memory activities 
as well as participate in neuronal regeneration, and is closely 
related to the formation of LTP (Nakagawasai et al., 2020; Meyer 
Zu Reckendorf et al., 2022). The transcriptional activity of CREB 
is regulated by autophosphorylation. Phosphorylated CREB can 
bind to the target gene CRE in the promoter region of the gene 
and enhance the transcription of downstream genes, such as 
the immediate early gene c-Fos (Gandolfi et al., 2017), brain-

Figure 4. The relative protein expression of c-Fos in hippocampus of rats. (a) Western blotting of c-Fos treated with different oil. (b) The average 
of protein band grayscale. 



Wang et al.

Food Sci. Technol, Campinas, 42, e44222, 2022 7

the western-bolt experiment of hippocampus, we found that 
supplementing the n-3 series of DHA, perilla oil and n-6 series 
α-linoleic acid, walnut oil and safflower seed oil increased the 
learning and memory of rats, and the expression of NR1, CREB 
and c-Fos protein increased with the up-regulation of NR1, 
CREB and c-Fos mRNA expression. Our findings in this study 
hypothesized that the PUFAs improves learning and memory 
in rats by up-regulating the mRNA expression of NR1, CREB, 
c-Fos, and relative expression of CREB and c-Fos proteins.
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