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Methionine restriction improve insulin resistance by reducing 
mitochondria oxidative stress
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Abstract
Type 2 diabetes is a chronic metabolic disorder whose prevalence has been increasing steadily worldwide and is closely 
linked to the epidemic of obesity. The most common features of Type 2 Diabetes are hyperglycemia, insulin resistance, 
and relative insulin deficiency. Insulin resistance refers to incorrect responses to insulin among cells whose physiology 
depends on insulin, such as adipocytes and cardiomyocytes. Methionine is an essential amino acid, so it must be 
consumed in the diet to avoid neurological impairment and visual symptoms caused by methionine deficiency. This 
provides a potential explanation that methionine restriction can alleviate insulin resistance by regulating mTORC1. This 
study aims to investigate the effect of methionine restriction on insulin resistance and mitochondria oxidative stress.
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1 Introduction
Type 2 diabetes (T2D) is a chronic metabolic disorder, 
whose prevalence has been increasing steadily all over 
the world and is closely linked to the epidemic of obesity 
[1]. The most common features of Type 2 Diabetes are 
hyperglycaemia, insulin resistance, and relative insulin 
deficiency [2]. Insulin resistance refers to incorrect 
respond to insulin among cells whose physiology depends 
on insulin, such as adipocytes and cardiomyocytes [3].
Methionine is an essential amino acid, so it must be 
consumed in the diet to avoid neurological impairment 
and visual symptoms caused by methionine deficiency 
[4]. As cells age, enhanced oxidative stress renders cells 
unable to maintain homeostasis while increasing the risk 
of aging and metabolic-related diseases. By reducing 
oxidative stress, methionine restriction (MetR) can induce 
beneficial lifespan extension and metabolic health [5]. 
This has been confirmed in rat experiments, furthermore, 
lower methionine concentration in cells is positively 
correlated with longevity of yeast cells [6]. Conversely, 
increasing the concentration of methionine also enhanced 
mitochondria-related respiration and oxidative stress [7].
The mammalian target  of rapamycin complex 1 
(mTORC1) regulates metabolism and promotes cell 
growth when energy is abundant [8]. In the context 
of methionine, mTORC1 can be activated to reduce 
autophagy and limit lifespan [9]. Short-term rapid 
increases in insulin also acutely activate mTOR, whereas 
overactivation of mTORC1 leads to insulin resistance [10]. 
Furthermore, studies have shown that limiting methionine 
in the diet of animals or in cell culture media provides 
metabolic benefits such as increasing insulin sensitivity 
[11]. This seems to provide a potential explanation that 

methionine restriction can alleviate insulin resistance 
by regulating mTORC1. The aim of this study is to 
investigate the effect of methionine restriction on insulin 
resistance and mitochondria oxidative stress.

2 Method 
2.1 Prepare
Four groups of 6-week-old healthy mouse models with 
three males and three females in each group. Two groups 
of mice were injected with STZ for 5 days to induce type 
2 diabetes at a dose of 55 mg/kg BW of STZ for male 
mouse and 75 mg/kg BW of STZ for female mouse [12].

2.2 Methionine Managed Feeding and Living 
Environment
Single-housed in a 12-h light/dark cycle (lights on at 6:00 
am) at a temperature of 21 ± 1°C with ad libitum access 
to food and water [13]. 1 group of healthy mouse model 
and 1 group of T2D mouse model were placed in a normal 
diet, which provided methionine at the control (Con) level, 
whereas 1 group of healthy mouse model and 1 group of 
T2D mouse model were placed in a diet contain low level 
of methionine. Two different diet groups experimented 
simultaneously. 

2.3 Test
After 6 weeks of feeding, the fasting blood glucose and 
postprandial blood glucose of the mouse models in each 
group were measured. And dissection to observe the effect 
of liver, skeletal muscle, and cardiac muscle.
2.3.1 Insulin resistance & tolerance test 

Although the Euglycemic hyper-insulinemic clamp (EHC) 
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is the gold standard for the measurement of IR in muscle, 
liver, and adipose tissue, many devices are not available 
due to the small size of the experimental mice, and the 
blood volume of the mice cannot support the mice The 
experiment was completed safely, therefore, the Avignon 
index which about oral glucose tolerance test (OGTT) was 
used in this experiment instead of EHC detection.
After the OGTT, Sib and Si2h data were measured, 
which were derived from fasting plasma insulin and 
glucose concentrations and derived from plasma insulin 
and glucose concentrations in the 120th min of OGTT, 
respectively. 
SiM values are calculated from the previous results, which 
is derived by averaging Sib and Si2h after balancing 
Sib by a coefficient of 0.137 to give the same weight to 
both indices. From this, the value of Avignon index, an 
alternative to EHC, is obtained

3 Result 
3.1 Insulin resistance and insulin tolerance
In this experiment, the result clearly indicates that insulin 
changes between the control group and methionine 
restriction groups, which is a significant change between 
the control group and the methionine restriction group 
in terms of insulin level and glucose level. As shown 
in Table 1, the insulin level in the experimental group 
decreased to 0.43ng/ml, and it is nearly fourfold in the 
control group. It is worth noting that although in this 
experiment, the glucose level between the control group 
and the methionine group also showed 186 ± 8 and 161 
± 3, respectively, which fluctuated greatly, the tendency 
of decreased blood sugar level by restriction methionine 
in the diet is unchangeable [14]. The possible reason 
for this change because of reducing Reactive Oxygen 
Species (ROS). Ros production is highly correlated 
with mitochondrial exposure. Koziel pointed out that 
twofold ROS would be produced under high glucose 
concentrations, and increased ROS would damage 
the mitochondrial DNA [15]. In addition, this paper 
has proved that damaged mitochondrial DNA, would 
damage the main transcription site of the mtDNA, which 
responsible for electron transport is decreased, and then 
superoxide radicals would also increase. Therefore, 
reducing ROS production through dietary restriction is 
critical for delaying or preventing diabetes. Furthermore, 
another possible reason is that the oxidation of methionine 
is related to the alternation functions of protein and 
many diseases [16]. ROS is a well-known oxidant which 
oxidizes sulphur-containing side chains of methionine. 
Methionine is oxidized to methionine sulfoxide by the 
addition of an extra oxygen atom, which can cause 

abnormal protein synthesis. Therefore, methionine 
oxidation is also a possible reason to cause insulin 
resistance. Reducing methionine intake could decrease the 
production of dysfunctional protein, which might explain 
why insulin levels and glucose levels are decreased after 
methionine restriction. 
Table 1. The result of Insulin resistance and 

insulin tolerance
Parameter CF MR

Body Weight (g) 350±12 191±3
Glucose (mg/dL) 186±8 161±3

Hormones
Insulin (ng/mL) 1.14±0.09 0.43±0.04

3.2 Insulin tolerance
Insulin tolerance is to tolerant insulin and makes 
hormones less effective impaired insulin sensitivity 
requires more insulin to produce to respond to glucose. 
As shown in Figure 1, significant differences have been 
shown between the control group and the methionine 
restriction group. With time changes, the glucose tolerance 
level of the experimental group is lower than the control 
group. Reducing insulin tolerance is important to delay 
the development of diabetes. 

Fig. 1. Difference of glucose tolerance between 
Met+ diet group and Met- diet group [16].

3.3 Liver
Hagopian et al point out that the liver has relatively 
rich mitochondria, which is for better liver metabolism, 
and H2O2 is the main ROS which is produced by 
mitochondria. After restricting methionine in diet, 
Antioxidant Glutathione, GSH in liver tissue, was of 
methionine restriction group were markedly lower, as 
compared with the controls, and These results mentioned 
that reduced oxidative damage in hepatic mitochondria 
was positively related to diminished ROS generation 
instead of enhanced anti-oxidative capacity [17]. In 
addition, this paper also indicated the possible molecular 
mechanism to decrease ROS generation and protect 
mitochondria is decreasing the Apoptosis-inducing factor 
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(AIF) protein level in the liver. 

3.4 Skeletal muscle
As shown in Figure 2, glycogen levels were significantly 
decreased in control mice and increased in methionine 
restriction mice at 16 weeks and 24 weeks [18]. In this 
paper, the authors prove that methionine restriction 
can normalize insulin resistance by promoting glucose 
utilization in skeletal muscle, which is a possible 
molecular mechanism to explain this result. 

Fig. 2. Glycogen levels were compared 
between control and experimental mice at 
16 and 24 weeks of a restricted diet. The 

glycogen level of the control group mice is 
significantly reduced, while the glycogen 

level of the experimental group (methionine-
restricted) mice is increased [19].

4 Conclusion
Methionine is an essential amino acid, so it must be 
consumed in the diet to avoid nerve damage and visual 
symptoms caused by methionine deficiency. As cells age, 
increased oxidative stress prevents them from maintaining 
homeostasis and increases the risk of aging and 
metabolism-related diseases [20]. By reducing oxidative 
stress, methionine restriction (MetR) can induce beneficial 
longevity extension and metabolic health. This has been 
demonstrated in rat experiments, and lower methionine 
concentrations in cells are positively correlated with 
yeast cell lifespan. Conversely, increasing methionine 

concentrations also enhanced mitochondria-related 
respiratory and oxidative stress. Here we demonstrate that 
methionine restriction normalizes insulin resistance by 
promoting skeletal muscle glucose utilization, which may 
be a molecular mechanism explaining this result [21-25].
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