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ABSTRACT
The effects of various intake levels of soybean oil on carbohydrate
metabolism and inflammation in mice were studied. Mice were
supplied with different diets, in which soybean oil provided 5, 10, 15,
20, 25, and 30% of total energy. Blood glucose indices, blood fat
indices, inflammatory factors, and gene expression of insulin receptor
substrates 1 and 2 Insulin receptor substrate 1 (IRS1) and Insulin
receptor substrate 2 (IRS2) were analyzed. The results showed that
higher intake of soybean oil can lead to excessive weight gain,
higher levels of fasting blood glucose and serum insulin, increased
levels of tumor necrosis factor-α, interleukin 6, hyper-sensitive C-
reactive protein, and reduced expression of IRS1 and IRS2 mRNA.
Primarily, we found that reduced intake of soybean oil led to a
similar trend to that of a high soybean oil diet. The optimal intake of
soybean oil, as supplied in the diet, was about 15–20%.
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1. Introduction

Metabolic syndrome comprises a mix of symptoms of interrelated risk factors of metabolic
origin that have been proven to predict a higher risk of obesity, high blood pressure, ather-
osclerotic cardiovascular disease, as well as type II diabetes mellitus (Goulart et al., 2017;
Imran et al., 2017). In comparison to people without metabolic syndrome, the risk of
chronic diseases, such as cancer, cardiovascular disease, type II diabetes, and chronic
inflammation is increased significantly in individuals affected by this condition (Uzunlulu,
Caklili, & Oguz, 2016). Dietary habits are among the most important independent factors
in the development of metabolic syndrome (Steffen et al., 2014). Oil is an important com-
ponent of Chinese diets and it plays an important role in the onset of metabolic syndrome.
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The effects of oil on the body are affected by the types and sources of fatty acids. The risk of
developing diabetes and cardiovascular disease increases after long-term consumption of satu-
rated fats (SFAs). However, this risk is reduced if the diet includes a certain amount of unsa-
turated fat (De Souza et al., 2015). A diet rich in ω-3 polyunsaturated fatty acids helps to
reduce glucose oxidation, increase lipid oxidation, and increase glycogen storage in the liver
(Jump, Depner, Tripathy, & Lytle, 2015). The family of ω-3 polyunsaturated fatty acids is
mainly composed of alpha-linolenic acid (ALA), eicosapentaenoic acid (EPA), and docosahex-
aenoic acid (DHA) (Dyall, 2015). Inflammation contributes to all non-traumatic musculoske-
letal diseases, thereby causing pain and disability in millions of people worldwide (Klein-
Wieringa et al., 2016). The ω-3 polyunsaturated fatty acids are reportedly beneficial in
wound healing and immune functioning (Draganescu et al., 2015). The supplementation of
flaxseed oil, which is rich in ALA, suppresses endotoxin-triggered inflammation (Wang
et al., 2016). In addition, flaxseed oil that is rich in ALA might reduce inflammatory and oxi-
dative stress responses and improve wound healing in burn patients.

Overall health is also affected by the levels of dietary fat intake. Excessive fat intake can
induce abdominal obesity, hypertension, dyslipidemia, insulin resistance, and liver lesions
(Briand, Thiéblemont, Muzotte, & Sulpice, 2012; Narasimhan et al., 2016). Excessive fat
intake can also increase the levels of free fatty acids in the blood and promote insulin secretion.
High levels of free fatty acids in the blood can reduce insulin receptor binding to insulin, accel-
erate insulin degradation, reduce sugar utilization in the liver, and cause peripheral hyperin-
sulinemia and insulin resistance (Chow et al., 2017). Drake verified that a high-fat diet induced
hepatic lipid accumulation, accompanied by delayed fat absorption and metabolism in the
liver (Burak et al., 2017). A high-fat diet can eventually lead to systemic glucose intolerance.

The fatty acid ALA is abundant in plant oils, such as perilla seed, walnut, flaxseed,
canola, olive, and soybean oils (Burak et al., 2017). Soybean oil is the most important
source of dietary fat for Chinese people. Although soybean oil contains high levels of
ALA that might be beneficial in the control of inflammation, blood glucose, and blood
lipids, a large number of Chinese people in modern society tend to overeat.

The aim of this study was to determine the influence of different intake levels of
soybean oil on carbohydrate metabolism, lipid metabolism, and the immune system.
Our findings are expected to provide guidance for important scientific recommendations
on the diets of Chinese people.

2. Materials and methods

2.1. Reagents

The assay kits for the determination of fasting plasma glucose (FPG), insulin, free fatty acids
(FFAs), and low density lipoprotein cholesterol (LDL-C) were supplied by Nanjing Jiancheng
Bioengineering Institute (Nanjing, Jiangsu Province, China). The ELISA kits for high-sensitive
C-reactive protein (HsCRP), tumor necrosis factor (TNF-α), and interleukin-6 (IL-6) were
acquired from Wuhan Boster Biological Technology Co. (Wuhan, Hubei Province, China).

2.2. Experimental animals

ICR mice were obtained from Suzhou Xinuosai Biological Technology Co., Ltd (Suzhou,
Jiangsu Province, China). The mice were aged 9–11 weeks, weighed 37 ± 2 g, and were
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housed at 24 ± 2 °C, with 60 ± 10% humidity, under a 12 h light/dark cycle. The mice had
access to feed and water ad libitum.

2.3. Diets and experimental design

The study was approved by the Animal Care Ethics Committee of Jiangnan University.
After a 1-week adaptation period, the mice were randomly divided into six groups consist-
ing of 15 animals each: Y5 (soybean oil provided 5% of the total energy of the feed); Y10
(soybean oil provided 10% of the total energy of the feed); Y15 (soybean oil provided 15%
of the total energy fed); Y20 (soybean oil provided 20% of the total energy fed); Y25
(soybean oil provided 25% of total energy fed); and Y30 (soybean oil provided 30% of
the total energy fed). The diets were based on AIN-93M (Reeves, Nielsen, & Fahey,
1993). The mice had ad libitum access to their respective diets for 10 weeks. The nutrient
composition of the diets is presented in Table 1. Weight gain and food consumption were
monitored every week.

Weight gain rate = Final weight− Initial weight
Final weight

×100%

2.4. Blood and tissue sample preparation

At the end of the feeding trial, the mice were fasted overnight. Procedures such as retro-
orbital bleeding and euthanasia were performed under anesthesia, induced by continuous
inhalation of 2% isoflurane via a nose cone. The blood samples were collected and centri-
fuged at 3000 × g at 4 °C for 15 min, and the supernatants were stored at −80 °C for further
biochemical analyses.

2.5. RNA extraction and analysis of gene expression

Total RNA was extracted from the liver and epididymal fat samples, using an RNA extrac-
tion kit (Nanjing Jiancheng Bioengineering Institute, Nanjing, Jiangsu Province, China).
Total RNA from liver samples was used for gene expression analysis of insulin receptor
substrates 1 and 2 (IRS1 and IRS2). Total RNA (3.0 µg) was reverse-transcribed into
cDNA, using the Revert Aid First Strand cDNA synthesis kit (TaKaRa Bio Inc., Tokyo,
Japan). Real-time quantitative PCR was performed using the SYBR Premix Ex Taq™

Table 1. Ingredient composition of mice diets.
Ingredient (g/kg diet) Y5 Y10 Y15 Y20 Y25 Y30

Cornstarch 486 465.7 442.7 419.7 393.3 365.8
Casein 140 140 140 140 140 140
Maltodextrin 155 155 155 155 155 155
Sucrose 100 100 100 100 100 100
Soybean oil 19.7 40 63 86 112.4 139.9
Cellulose 50 50 50 50 50 50
Minerals 35 35 35 35 35 35
Vitamin mix 10 10 10 10 10 10
L-cystine 1.8 1.8 1.8 1.8 1.8 1.8
Tartaric acid 2.5 2.5 2.5 2.5 2.5 2.5
Energy Soybean oil Provided 5% 10% 15% 20% 25% 30%
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(TaKaRa Bio Inc.) in a QuantStudio™ 6 Flex Real-Time PCR system (Applied Biosystems,
Foster City, CA, USA). The primers are shown in Table 2. The ΔΔCt method was used for
the relative quantification of gene expression. The ΔΔCt value of each sample was deter-
mined by calculating the difference between the Ct value of the target genes and the Ct
value of the β-actin reference gene.

2.6. Statistical analysis

Data were expressed as mean ± SD and analyzed using SPSS software (version 20; SPSS
Inc., Chicago, IL, USA). The Duncan’s multiple range test and Student t-test were used
to detect differences among groups. Statistical significance was set at p < 0.05.

3. Results and discussion

3.1. Effects of soybean oil intake on body weight

The changes observed in the weight of mice are shown in Figure 1. The final weight and
weight gain of the Y30 group were both significantly higher than those of the other groups
(p < 0.05). Sundaram, Bukowski, and Lie (2016) reported that regardless of the type of oil
consumed, a high-fat diet can cause significant increase in body weight compared to a low-
fat diet. However, the final weight and weight gain rate of the Y15 group were significantly
lower than that of the Y5, Y10, Y25, and Y30 groups of mice, respectively (p < 0.05), but at
a similar level as that of the Y20 group. Furthermore, the results showed that the mice
showed the lowest weight gain, when soybean oil provided 15% of the total energy of
the feed. There were no significant differences in weight among the Y5, Y10, Y20, and
Y25 groups. The findings of (Park, Ahn, & Lee, 2016) are consistent, and they report
that a low-fat diet can also have adverse effects on overall health. Thus, the present
results show that both higher and lower levels of energy intake derived from soybean
oil can lead to excessive weight gain. However, the body weight of mice can be effectively
controlled when energy intake from soybean oil is maintained between 15 and 20% of the
total energy of the feed.

3.2. Effects of soybean oil intake on blood glucose

Daily intakes of feed of each group are shown in the Figure 2. The feed intake of Y5 group
was indeed higher than that of other groups except the Y10 group, and the Y15, Y20 and
Y25 group had no significant differences. Y30 group had the least feed intake of the six
groups and was significantly lower than Y5, Y10 and Y20 group. The effects of soybean

Table 2. Primers used for real-time RT-PCR.
Target gene Primers: sequences (5´- 3´)

β-actin F:GGCTGTATTCCCCTCCATCG
R:CCAGTTGGTAACAATGCCATGT

Irs1 F:TACACCCGAGACGAACACTTTG
R:GATAACCTGCCAGACCTCCTTG

Irs2 F:CGACGGCTGTTCGCAATT
R:TCCATCTCTGTAGCCCTGT
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oil on serum blood glucose is shown in Figure 3A. No significant differences were noted in
serum fasting blood glucose levels in mice of the Y5, Y10, Y20, and Y25 groups. The serum
fasting blood glucose levels in the Y15 group were significantly lower than those in the
other groups, with the exception of the Y20 group (p < 0.05); whereas the serum fasting
blood glucose levels in the Y30 group were significantly higher than those in the other
groups (p < 0.05).

According to Figure 2, the feed intake of Y5 group was higher than those of other
groups. The serum fasting blood glucose level of Y5, however, was similar to those of
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Figure 1. Body mass of mice in each group (g, weekly average, n = 15 mice per group); Values are
mean ± S.D; Means with different letters (a–d) differ significantly (P<0.05).
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are mean ± S.D; Means with different letters (a–d) differ significantly (P<0.05).
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Y10, Y20, and Y25 groups. Therefore, we can deduce that there was no relationship
between serum fasting blood glucose level and feed intake of mice. But serum fasting
blood glucose level was related to intake of soybean oil. From Figure 3A, the fasting
blood glucose of mice showed a significant increase when energy intake from soybean
oil was 30% of the total energy of the feed. Furthermore, the results show that the
lowest intake of soybean oil also increased the fasting blood glucose level. The optimal
level of soybean oil that induces the lowest fasting blood glucose levels is about 15–20%.

According to Figure 3B, the serum insulin levels of the Y10 group were the lowest, and
the serum insulin levels of the Y30 group were the highest. Significant differences were
noted between these two groups, but no significant differences in serum insulin levels
were observed among the other groups. Serum insulin is a protein hormone that is
secreted by beta cells of the pancreas, and it is the only hormone that can reduce blood
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Figure 3. The serum levels of fasting blood glucose and insulin in each group (n = 15 mice per group);
A, Concentration of fasting blood glucose (FPG); B, Concentration of insulin (INS); Values are mean ±
S.D; Means within a row with different letters are significantly different. (P<0.05).
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glucose levels (Amiri et al., 2015). When normal doses of insulin cannot achieve the
expected physiological effect, or the body becomes less sensitive to the hormone, this
leads to a condition called insulin resistance (IR) (Friedrich et al., 2015). The initial mor-
bidity of IR includes a repeated flood of compensatory insulin secretion to maintain
normal blood glucose levels. Eventually, diabetes develops when the compensatory
ability exceeds the body’s limits (Tahrani, 2017). The present results show that the
effects of a diet comprising 10% energy intake provided by soybean oil on serum
insulin were more favorable than those of a diet comprising 30% energy intake provided
by soybean oil.

3.3. Effects of soybean oil intake on serum lipid levels

The serum lipid levels in mice at 10 weeks are presented in Figure 4. The level of serum
FFAs in the Y10 group was lowest among all groups, but at a similar level in the Y15. Y5,
Y20, Y25, and Y30 groups, all of which showed higher FFA levels than the Y10 group (p <
0.05). The FFA level stimulates the body to produce more reactive oxygen species (ROS)
and reactive nitrogen species (RNS) (Fratantonio et al., 2015), both of which can induce
the oxidative stress mechanism. These reactive molecules can directly oxidize and damage
DNA, proteins, and lipids, and activate some signaling pathways that are closely associated
with IR (Di et al., 2015), thereby eventually leading to diabetes.

The LDLs comprise a major class of lipoproteins. The LDL particles can deposit
cholesterol in the arteries that leads to atherosclerosis (Hazarika, Kalita, & Kalita,
2017). The LDL-C is commonly used to estimate LDL levels. Changes in LDL-C
levels showed a similar trend to those in FFAs. The serum LDL-C in the Y10 group
showed the lowest levels, and no significant differences were noted among the Y15,
Y20, and Y25 groups. Compared to Y10, the serum LDL-C levels in the Y5 and Y30
groups were significantly increased.

The results indicate that the optimal energy provided by soybean oil in the diet should
be about 10–15%, as these levels induce the lowest levels of FFAs and LDL-C.

3.4. Effects of soybean oil intake on serum inflammatory factors

When body tissues are invaded by pathogens or damaged, macrophages and periph-
eral mononuclear cells produce a series of cytokines, such as tumor necrosis factor
(TNF-α), interleukin 6 (IL-6), and hyper-sensitive C-reactive protein (Hs-CRP).
These inflammatory factors can cause fever and other effects that trigger additional
inflammatory cytokines (Hartati, Widjanarko, Widyaningsih, & Rifa’I, 2017). The
release of inflammatory factors can enhance immune defenses; however, high levels
of inflammatory factors can lead to a series of chronic diseases, such as pregnancy
eclampsia, atherosclerosis, and rheumatoid arthritis, among others (Del et al., 2015).
Insulin resistance can also induce pro-inflammatory factors and improve levels of
inflammatory factors.

The effects of soybean oil on serum inflammatory factors in mice are shown in Figure 5.
Serum levels of HsCRP and TNF-α in the Y30 group were significantly higher than those
of the groups fed lower levels of soybean oil (p < 0.05). This suggests that high levels of
soybean oil meal can promote the body’s inflammatory response, and increase levels of
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HsCRP and TNF-α. The IL-6 levels were lowest in the Y15 and Y20 groups. In contrast,
the Y5, Y10, Y25, and Y30 groups showed the highest IL-6 levels.

The inflammatory factors, IL - 6 and TNF-α are secreted by fat cells, and are associated
with fat intake and obesity (Chen et al., 2016). Recognized as an inflammatory marker for
atherosclerosis (Antonino et al., 2016), TNF-α can significantly increase LDL-C levels and
accelerate the development of atherosclerosis (Silvan, Mingo, & Martinez-Rodriguez,
2017). As shown in Figures 4 and 5, changes in TNF-α levels were consistent with
those of LDL-C. The inflammatory factor, IL-6 can stimulate the central nervous
system at the early stages of acute inflammation (Sun et al., 2017). In addition, IL-6 is
associated with increased mortality from cardiovascular disease (Pengli, Geli, & Ying,
2015). Moreover, TNF-α can induce increased production of IL-6 and lead to the
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formation of atherosclerotic plaques in blood vessels (Huo, Li, Kong, Wu, & Li, 2014). The
HsCRP levels are closely linked to vascular diseases and play a significant role in the diag-
nosis of clinical atherosclerosis (Assadpour, 2014). A major determinant of Hs-CRP in the
liver is IL-6.

A similar trend in the various levels of soybean oil in the diet was evident in the levels of
inflammatory factors. Inflammatory factor levels in the Y15 and Y20 groups were slightly
low. However, the inflammatory factor levels in the Y30 experimental group showed a
sharp increase. The results indicate that both high and extremely low soybean oil diets
are capable of increasing the risk of inflammatory reactions, especially that of an increase
in Il-6 levels.
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3.5. Effects of soybean oil intake on transcription of IRS1 and IRS2

The liver is the main target organ of insulin action. The insulin receptor substrate proteins
IRS1 and IRS2 are key targets of the insulin receptor tyrosine kinase and are required for
hormonal control of metabolism (Copps &White, 2012). Insulin activates tyrosine kinases
by linking insulin receptors on the surface of tissue cells and causes phosphorylation of
insulin receptor tyrosine residues. At this point, the insulin receptor protein binds to
and activates phosphatidylinositol-3-kinase (P13 K), its downstream protein kinase B
(AKT), forkhead protein 01 (FOXOl 1), mitogen- activated protein kinase and other
signal paths in order to elicit cellular responses such as glucose uptake, lipid metabolism
and cell proliferation(Lavin, White, & Brazil, 2016). When IR occurs, the combined signal

0

2

4

6

8

10

12

Y30Y25Y20Y15Y10

d

bc

cd

ab

a

)
n

oisser
p

xe
e

vitaler(
sle

vel
A

N
R

m

a

Y5

A

0.00

0.75

1.50

2.25

3.00

3.75

Y30Y25Y20Y15Y10

ab

bc

c

b

a

)
n

oisser
p

xe
e

vitaler(
sle

vel
A

N
R

m

ab

Y5

B

Figure 6. mRNA expressions of insulin receptor substrate in each group (n = 15 mice per group); A,
Insulin receptor substrate 1 (IRS1); B, Insulin receptor substrate 2 (IRS2); Values are mean ± S.D;
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of insulin and receptor leads to a series of metabolic blocks in the liver cell that eventually
lead to a reduced capacity to respond to insulin (Imran et al., 2017a). Gene expression of
IRS is reduced when IR occurs in the cell (Qi et al., 2013). Therefore, it is important to
study IRS gene expression in the liver to evaluate glucose metabolism more comprehen-
sively. As shown in Figure 6, transcription levels of IRS1 and IRS2 showed similar
trends. When soybean oil provided between 15% and 25% of the energy in the diet, IRS
mRNA expression in the liver was increased. In contrast, IRS mRNA expression was rela-
tively low in the Y5, Y10, and Y30 groups. The Y20 group showed the highest IRS mRNA
expression among all experimental groups. These results indicate that diets that are either
high or low in soybean oil could reduce IRSmRNA expression. This could have an adverse
effect on normal glucose metabolism.

4. Conclusion

Soybean oil is the most important source of dietary fat for Chinese people, and over-con-
sumption of soybean oil is very common in China. The effects of various intake levels of
soybean oil on carbohydrate metabolism and inflammation in mice were studied. The
results indicated that diets that are high in soybean oil might have adverse effects on
blood glucose levels, and increase the risk of inflammation. However, diets that are extre-
mely low in soybean oil could also increase the risk of disturbances in carbohydrate metab-
olism and inflammation. We recommend that the optimal level of soybean oil supplied in
the diet should be about 15–20%.
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