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 Background: We designed this study to investigate the influence of different ratios of n-6/n-3 polyunsaturated fatty acid in 
the diet of reflux esophagitis (RE) rats’ and the effect on the PI3K/Akt pathway.

 Material/Methods: RE rats were randomly divided into a sham group and modeling groups of different concentrations of n-6/n-3 
polyunsaturated fatty acid (PUFA): 12:1 group, 10:1 group, 5:1 group, and 1:1 group. RT-PCR and Western-blot 
were used to detect the expression of PI3K, Akt, p-Akt, NF-kBp50, and NF-kBp65 proteins in esophageal tissue.

 Results: In the n-6/n-3 PUFAs groups the expression of PI3K, Akt, p-Akt, nf-kbp50, and NF-kBp65 mRNA decreased with 
the decrease in n-6/n-3 ratios in the diet. The lowest expression of each indicator occurred in the 1:1 n-6/n-3 
group compared with other n-6/n-3 groups, the difference was statistically significant (p<0.05).

 Conclusions: The inhibition of n-3 PUFAs in the development of esophageal inflammation in rats with RE was attributed to 
the function of PI3K/Akt-NF-kB signaling pathway.
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Background

Domestic as well as overseas scholars perceive that cellular 
inflammatory factors play important roles in reflux esophagi-
tis (RE); nevertheless, the activation of inflammatory factors 
relies on the conduction of multiple signaling pathways inside 
and outside the cells. Some studies have confirmed that the 
phosphatidylinositol-3-kinase/serine/threonine kinase (PI3K/
Akt) pathway is involved in most inflammatory reactions in 
vivo. The n-3 polyunsaturated fatty acid (PUFA) can modulate 
the gene expression of inflammatory factors through exerting 
effects on activation of related transcription factors in inflam-
matory pathways [1–5]. In recent decades, studies have illus-
trated that n-3 PUFAs as well as its metabolites (resolvins and 
protectin D1) are able to inhibit the generation of inflamma-
tory factors and lessen cytokine response by inhibiting NF-kB, 
subsequently activating its immune regulation function [6,7].

Our study aimed to detect the expression of PI3K/Akt-NF-kB 
signaling pathway critical target protein in esophageal tissue 
of rats with reflux esophagitis by feeding reflux esophagitis 
rats with different ratio of n-6/n-3PUFAs in their diet, explor-
ing its possible intervention mechanism.

Material and Methods

Experimental animals and forage

Experimental animal: sterile male Sprague Dawley (SD) rats 
weighing 230±20 g were purchased from SLRC Laboratory 
Animal Center in Shanghai, and kept at 25°C with 12 hour 
dark/light cycle. There were five rats in each cage.

Food: n-6PUFAs was supplied by “Golden Dragon Fish” brand 
sunflower seed oil; n-3 PUFAs was extracted from deep sea 
fish oil. The PUFAs were formulated into the pellet food in ac-
cordance with standard experimental protocols. Except for the 
PUFAs, other ingredients of the pellets were the same. The rats 
were fed at 9 am, as for the proxima luce. Remaining pellets 
were discarded, and subsequently, new food was added at a 
rate of 100 g/kg per rat every day.

Preparation of animal models

Lodophor was used to disinfect rats’ middle abdomen. About 
1-2 cm laparotomy was performed at the xiphoid abdominal 
midline: the fur and abdominal muscles were with layered-cut. 
The peritoneum in the pylorus duodenal junction was isolated, 
avoiding blood vessels; loop ligature of nylon cable ties were 
used to create a predetermined inner diameter after the nylon 
tie passed through the pylorus duodenal junction. the redun-
dant tie was snipped. The junction between forestomach and 

glandular stomach was ligated with 5-0 sutures. The stomach 
and duodenum were checked to ensure there was no hemor-
rhaging. The abdominal cavity was perfused using 0.5% met-
ronidazole (1 mL) along with gentamicin (20,000 IU) and then 
closed using 5-0 sutures. Then 75% alcohol was used to disinfect 
the skin and the wound area. In the sham operation, the abdo-
men was opened, the stomach and duodenum were dissociated; 
and the abdominal cavity was closed after 1 minute. All surgery 
was done using asepsis conditions. The care of the animals con-
formed to the regulations of friendly treating experimental ani-
mals issued by the Ministry of Science and Technology in 2006.

Animal grouping

Seventy-five SD rats were randomly divided into sham opera-
tion and modeling intervention groups. The 15 rats that com-
posed the sham operation group, were raised by common for-
age diet after receiving a sham operation, while the rest of the 
60 rats in modeling intervention group were raised on different 
ratios of n-6/n-3PUFAs in their forage diet after they under-
went modeling. According to different proportions of n-3PUFAs 
in the forage diet, we divided the 60 rats into four groups: 12: 
1n-6/n-3 (12:1), 10:1 n-6/n-3 (10:1), 5: 1 n-6/n-3 (5:1) and 1: 
1 n-6/n-3 (1:1) group. There were 15 rats in each group, sub-
sequently they were fed with the forage diet with set ratios, 
and the esophageal tissue was removed after two weeks for 
testing. In the common forage diet, the ratio of n-6/n-3PUFAs 
reached 12: 1; therefore, we selected this group fed by com-
mon forage diet as the controls in our study.

The quantitative detection of relevant indicators’ protein 
in esophageal tissue

The total protein of 80 µg was extracted and SDS-PAGE gel 
electrophoresis used to transfer protein to PVDF film, that 
was then sealed using dried skimmed milk. The first anti-
body (1:100) was added for overnight incubation at 4°C; then 
the second antibody incubated for 2 hours at room temper-
ature and subsequently developed using DAB. Quantity One 
Imaging Analysis Software was used to analyze the strip ab-
sorbance value.

The detection of correlated indicators’ mRNA in 
esophageal tissue

Total RNA was extracted using the Trizol method according to 
TaKaRa reverse transcription and amplification kit instructions. 
Related primer sequences are shown in Table 1.

Statistical analysis

SPSS 19.0 software was used for the analysis, mean ± stan-
dard deviation (c

_
±s) was used to describe the data which were 
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represented by case (n); single factor analysis of variance was 
used to compare the data between multiple groups; LSD meth-
od was used to compare differences between two groups; and 
rank sum test was used to compare the data. The criterion of 
the test was a=0.05, p<0.05 indicating the differentiation had 
statistical significance.

Results

The expression of PI3K, Akt, p-Akt, NF-kBp50 and NF-
kBp65 protein in RE rats’ esophageal tissue with different 
ratio of n-6/n-3PUFAs in the diet

Western blot was utilized to detect the expression of PI3K, Akt, 
p-Akt, NF-kBp50, and NF-kBp65 protein in inflammation of 
esophageal mucosa of rats fed different ratio of n-6/n-3 PUFAs 

in the forage diet. Compared with sham operation group, the 
expression of PI3K, Akt, p-Akt, NF-kBp50, and NF-kBp65 pro-
tein in the modeling groups all were significantly increased 
with the differences being statistically significant (p<0.05); In 
the modeling groups with different concentration ratios of n-
6/n-3PUFAs in the forage diets, the expression of PI3K, Akt, 
p-Akt, NF-kBp50, and NF-kBp65 protein kept pace with the 
proportion of n-6/n-3, in other words, if the ratio of n-6/n-3 
decreased, the expression of PI3K, Akt, p-Akt, NF-kBp50, and 
NF-kBp65 protein decreased. The lowest expression of each 
indicator occurred when the proportion of n-6/n-3 reached 1: 
1 in the forage diet; the difference was statistical significant 
compared with other ratios of n-6/n-3 in the forage diet of 
the modeling group (p<0.05) (Figures 1, 2).

Primer Sequence (5’-3’) Product length

PI3K
Upstream 5’ TGGTTCTTGCGAAGTGAGATAG3’

117 bp
Downstream 5’ CTGCTGCGTGAAGTCCTGTA 3’

Akt
Upstream 5’ TAGGCATCCCTTCCTTACAGC 3’

114 bp
Downstream 5’ CGCTCACGAGACAGGTGGA 3’

NF-kBp50
Upstream 5’ GGCAGAAGTCAACGCTCAG 3’

142 bp
Downstream 5’ TGTCGTCCCATCGTAGGT 3’

NF-kBp65
Upstream 5’ AGCGAGACCTGGAGCAAG 3’

105 bp
Downstream 5’ GGACCGCATTCAAGTCATAG 3’

b-actin
Upstream 5’ TTCCAGCCTTCCTTCCTG 3’

102 bp
Downstream 5’ GGCATAGAGGTCTTTACGG 3’

Table 1. Related primer sequences.

Figure 1.  The expression of PI3K, Akt, 
p-Akt, NF-kBp50, and NF-kBp65 in 
esophageal tissue were tested by 
Western blot. 1 – The sham operation 
group; 2 – The 12:1 group; 3 – The 
10:1 group; 4 – The 5:1 group; 5 – The 
1:1 group.
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The expression of PI3K, Akt, NF-kBp50, and NF-kBp65 
mRNA in reflux esophagitis rats’ esophageal tissue with 
different ratio of n-6/n-3PUFAs in the forage diet

Compared with the sham operation group, the PI3K, Akt, NF-
kBp50, and NF-kBp65 RNA in each modeling group all signif-
icantly increased, the difference was statistically significance 
(p<0.05); in the modeling group with different ratios of n-6/n-
3PUFAs in the forage diet, if the ratio of n-6/n-3 decreased, sub-
sequently the amount of PI3K, Akt, NF-kBp50, and NF-kBp65 
RNA decreased. When the ratio of n-6/n-3 in the forage diet 
was 1:1, the expression of each indicator was the lowest. The 

difference was statistically significant compared with the oth-
er ratios in the forage diet (p<0.05) (Figure 3A–3D).

Discussion

There have been many studies investigating PI3K/Akt signaling 
pathway in tumorigenesis, tumor development, and metasta-
sis; however, in most neoplastic diseases, the long-term and 
reduplicated stimulation is the potential element that may ac-
celerate tumorigenesis, tumor development, as well as metas-
tasis, which demonstrates that PI3K/Akt signaling pathway is 
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Figure 2.  The comparison of different protein (PI3K, Akt, p-Akt, NF-kBp50, and NF-kBp65) expression in esophageal tissues of each 
group. * Represented p<0.05 vs. sham operation group; # standed for p<0.05 vs. blank control.
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associated with inflammation. Consequently, there have been 
more recent reports about the role of PI3K/Akt signaling path-
way in inflammatory immune response. Some studies [8–11] 
have suggested that the inhibition of PI3K/AKT reduced the 
release of multiple inflammatory factors. Samuel et, al. [12] 
discovered that the expression of p-Akt and NF-kB in injured 
pancreatic tissue significantly increased with pancreatic duct 
ligation to induce animal models to experience acute pancre-
atitis, while expression of p-Akt and NF-kB significantly de-
creased after the ligation was loosened. Studies [13,14] on 
progression of esophageal lesions also reported that Akt was 
associated with esophageal lesions [15,16], meanwhile, the 
expression of p-Akt in pancreatic cancer and Barrett’s esoph-
agus with serious dysplasia significantly increased compared 
with that in esophagus without dysplasia [17–22].

Figure 3.  (A) The comparison of the amount of PI3KmRNA in the esophageal tissue of RE rats with different ratios of n-6/n-3PUFAs 
in the forage diet. (B) The comparison of the amount of AktmRNA in the esophageal tissue of RE rats with different ratios 
of n-6/n-3PUFAs in the forage diet. (C) The comparison of the amount of NF-kBp50mRNA in the esophageal tissue of RE 
rats with different ratios of n-6/n-3PUFAs in the forage diet. (D) The comparison of the amount of NF-kBp65mRNA in 
the esophageal tissue of RE rats with different ratios of n-6/n-3PUFAs in the forage diet. * Represented p<0.05 vs. sham 
operation group; # standed for p<0.05 vs. blank control.

5

4

3

2

1

0
Sham

operation
group

12:1
group

*

*
*#

*#

10:1
group

5:1
group

1:1
group

PI3k
5.0
4.5
4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0

Sham
operation

group

12:1
group

*
*

*#

*#

10:1
group

5:1
group

1:1
group

Akt

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0
Sham

operation
group

12:1
group

* *

*#

*#

10:1
group

5:1
group

1:1
group

P50
4.0

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0
Sham

operation
group

12:1
group

*
*

*#

*#

10:1
group

5:1
group

1:1
group

P65

Re
lat

ive
 ex

pr
es

sio
n 

lev
el

Re
lat

ive
 ex

pr
es

sio
n 

lev
el

Re
lat

ive
 ex

pr
es

sio
n 

lev
el

Re
lat

ive
 ex

pr
es

sio
n 

lev
el

A

C

B

D

Conclusions

Our study illustrated that the expression of the principle tar-
get molecules PI3K, Akt, p-Akt, and NF-kB genes and proteins 
involved in PI3K/Akt-NF-kB signaling pathway significantly in-
creased, implying that the signaling pathway would likely play 
a lead role in the occurrence and development of reflux esoph-
agitis. Our study also demonstrated through the detection of 
the critical target protein of PI3K/Akt-NF-kB signaling path-
way in esophageal tissue, n-3 PUFAs could inhibit the expres-
sion of PI3K, p-Akt, and NF-kB, moreover, with the increasing 
ratio of n-3PUFAs in the forage diet, its inhibitory effect had 
the tendency to increase. The result indicated that the inhibi-
tion of n-3 PUFAs in the development of esophageal inflam-
mation in rats with reflux esophagitis was attributed to the 
function of PI3K/Akt-NF-kB signaling pathway.
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