
Introduction
This study aims to find out how fat in the blood stream affects mitochondria and insulin 
resistance. 

Conclusions

Lipid (fat) infusion leads to increases mitochondrial fission (splitting apart), potentially through 
increased phosphorylated (activated) DRP protein. 

Lipid infusion also increases certain autophagy markers. 

Lipid infusion reduces fasting insulin sensitivity. 

Amendments

Study Design & Additional Information

19 healthy, normal weight individuals that 
exercised two or more times per week, but for less 
than 30 minutes and had no genetic history of 
diabetes were recruited for the study. Women were 
evaluated at the same point in their menstrual cycle 
(mid follicular phase). Participants were 
randomized into one of two groups: Saline (no fat 
infusion) or Lipid (fat infusion to the blood stream) 
over a 12 hour period. This was a cross over 
design, so all participants underwent each 
condition/group. 

This fat infusion (primarily unsaturated fats) over a 
12 hour period was used to induce insulin 
resistance. 
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1

People with diabetes have mitochondrial 
abnormalities. There is conflicting data showing 
human and animal fat metabolism function is higher 
in those with type 2 diabetes. 

1.
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2

Metabolism of the cell changes the 
mitochondrial look/shape. This has also led 
researchers to think mitochondrial shape may 
be related to insulin resistance. 

Mitochondria are constantly undergoing 
fission (splitting from one to many) and fusion 
(combining multiple into one) to maintain the 
mitochondrial quality and integrity. Fission is 
regulated by the outer mitochondrial 
membrane protein DRP1. This fission can 
lead to depolarization of membrane 
gradient/potential in those mitochondria 
removed/pinched from the network. These 
pinched off mitochondria from the 
mitochondrial network might regain their 
polarization and rejoin the network by fusion. 
Or, the pinched off mitochondrion may be 
tagged by autophagy promoting protein 
PINK, which accumulates on the 
mitochondrion. 

Fusion is regulated by MFN proteins on the 
outer membrane and OPA proteins on the 
inner membrane to fuse two mitochondria 
together.  

2.

3

Fats increase mitochondrial fission in models of 
insulin resistance. Meanwhile, exercise reduces 
DRP1 (implying reduced fission) in overweight and 
diabetic individuals. 

3.

SD

SD

SD: 19 healthy, normal weight individuals that exercised two 
or more times per week, but for less than 30 minutes and had 
no genetic history of diabetes were recruited for the study. 
Women were evaluated at the same point in their menstrual 
cycle (mid follicular phase). Participants were randomized into 
one of two groups: Saline (no fat infusion) or Lipid (fat infusion 
to the blood stream) over a 12 hour period. This was a cross 
over design, so all participants underwent each 
condition/group. 

This fat infusion (primarily unsaturated fats) over a 12 hour 
period was used to induce insulin resistance. 
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Table 2
These data show a series of blood markers measured when participants were given nothing (saline) 
or infused with fat (lipid) in their blood stream for 12 hours. 

Primary Results:
- Bilirubin decreased with fat infusion. 
- CO2 in blood decreased with fat infusion. 
- Slightly larger platelets with the infusion of fat. 
- Triglycerides (blood fats) increased with the infusion of fat. 
- HDL declined with the infusion of fat. 
- VLDL increased with the infusion of fat. 
- LDL decreased with the infusion of fat. 

Take Away: Blood fats increase, HDL and LDL cholesterol decrease, and VLDL increases -

this is largely expected with the sudden artificial rise in blood fats. 
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Figure 3
The researchers took muscle biopsies from the participants after a 12 hour saline 
infusion (no fat infusion) or the fat infusion in the blood (lipid infused). Then, they 
measured key mitochondrial proteins implicated in mitochondrial fission (single 
mitochondrion splitting apart into two) or fusion (multiple mitochondria fusing into 
one). [A,D] 3D is a visual representation of 3A. These are all mitochondrial fission 
proteins, with vinculin being a stable protein that should not change based on the 
treatment (lipid infusion). [B,E] 3E is a visual representation of 3B, which is a 
measure of a series of fusion proteins on mitochondria. [C, F] 3F is a graphical 
representation of 3C, which are two protein involved in mitophagy (autophagy of 
mitochondria, degradation/destruction of mitochondria). 

Primary Results
- phosphorylated DRP is increased with fat infusion. 
- PINK is increased with fat infusion. 

Take Away: Because phosphorylation of DRP1 at that particular site 

(Serine 616) leads to greater activation of DRP1 (more attachment to mitochondria), 
this implies greater mitochondrial fission through enhanced activation of DRP1. 
PINK increased might imply greater autophagy of mitochondria. 
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Figure 4
The researchers have taken muscle samples from the participants after 
the infusion of fat into the blood stream (lipid) or nothing (saline) and 
are [A] measuring the membrane potential/health of the mitochondria -
more red being more functioning mitochondria (focus on left side 
panels). [B] These are images of the structure of mitochondria (dark 
structures) and the white circular structures are autophagy vesicles. [C]
This is a quantifiable representation of [4A]. [D] This represents the 
amount of mitochondria breaking into multiple (likely through fission). 
[E] The total content of mitochondria in the tissue. [F] The amount of fat 
deposits in the cell sequestered in sacks/droplets of fat inside the cell. 

Primary Results:
- Mitochondrial membrane potential is reduced with lipid infusion. 
- Mitochondrial structure is less distinct and more autophagy vesicles 
with lipid infusion. 
- There is more mitochondrial fragmentation with lipid infusion.
- There are more lipid droplets around mitochondria with lipid infusion. 

Take Away: Mitochondria are less functional, fragment, and are 

associated with greater lipid droplet formations with blood lipid infusion. 

4

Fission (splitting) of mitochondria is associated with 
insulin resistance and obesity in mouse models. 

4.

5

Mitochondrial content was unaffected, but the shape of 
the mitochondria and size did change. However, fusion 
was not affected, so it is likely fission is the contributor 
to changes in mitochondrial shape. 

5.
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No differences in mitochondrial measures for ATP 
production and mitochondrial function when participants 
are infused with lipid. 

6

PINK protein (related to autophagy) and autophagy 
vesicles are increased with fat infusion, and other studies 
show that a loss of PINK reduces glucose uptake. It is 
believed that PINK accumulates on depolarized 
mitochondria (presumably nonfunctional mitochondria), 
and over time reduce the amount of mitochondria like that 
seen in obesity and type 2 diabetes, but this short term 
study can't show that, just the initial triggers/changes. 

Under starvation conditions, fission is inhibited and longer 
mitochondria are found to increase ATP (cell energy) 
production efficiency. 

6.

6
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Figure 6
{A-C] The researchers infused a set amount of insulin to see how this 
would affect blood sugar (glucose) levels by telling them how sensitive the 
tissues are to the insulin. [D, E] They also measured how much glucose 
production by the liver was suppressed by insulin.

Primary Results:
- Fasting blood sugar levels were elevated with lipid infusion, no reduced 
insulin sensitivity, however. 
- Fasting insulin levels were elevated with lipid infusion. 
- Peripheral insulin sensitivity was reduced with lipid infusion. 
- Insulin suppression of liver glucose production was suppressed by lipid 
infusion. 

Take Away: Lipid infusion reduces fasting insulin sensitivity in 

the tissues of the body. 

Figure 7
These data show the fasting (0 min) and insulin infused response in a variety of 
outcomes - [A,B] free fatty acids (fat molecules in the blood), [C] Metabolism, [D]
Carbohydrate use by the cells, [E] Fat use by the cells, [F] Ability for the cells to 
use fat for fuel at a basal rate, then when stimulated by insulin (the difference 
between the two is the measure). 

Primary Results:
- Free Fatty Acids remain elevated at fasting and after insulin infusion in the lipid 
infusion participants. 
- Metabolism is unaffected by lipid infusion. 
- Carbohydrate and fat use is unaffected by lipid infusion. 
- Insulin infusion change to fat use by the cells is dampened by lipid infusion. 

Take Away: There are no significant effects in metabolism by lipid infusion, 

but a raising of fat molecules in the bloodstream. 
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