
STUDY 28

Introduction

This study investigates the effect of saturated fat and unsaturated fat on insulin signaling, as well as 
mitochondrial function, in isolated muscle cells. 

Conclusions

Saturated fat increases oxidative stress, reduces cell energy content, leads to greater cell death, and 
induces fat specific mitochondrial DNA damage. 

Unsaturated fat protects against the effects experienced with saturated fats. 

These effects are mediated, at least in part, by oxidative stress, increased JNK activation, increased 
ceramide synthesis, and greater caspase 3 cleavage. 
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Intro

Intro

Intro: Mitochondrial dysfunction and oxidative stress (excess 
reactive oxygen species) are implicated in insulin resistance 
(reduced insulin sensitivity). In other studies, saturated fats have 
been implicated in reducing insulin sensitivity, while unsaturated 
fats increase insulin sensitivity. However, the distinguishing factor 
for why these fats have different insulin sensitivity outcomes has 
not been elaborated. Some proposed mechanisms are over 
production of diacylglycerols and ceramides (types of fat structures 
used in cell signaling and found in the cell membrane), 
mitochondrial dysfunction and oxidative stress, activation of pro-
inflammatory intracellular signaling protein NFkB, and reduced 
PGC1a (which stimulates the production of mitochondria). 

   Study 28 Page 2    



   Study 28 Page 3    



Figure 1
[A] The researchers are adding increasing concentrations of two 
fats (palmitate/saturated fat and/or oleate/unsaturated fat) to the 
muscle cell media (liquid they are in) and measuring the amount 
of reactive oxygen species production. [B] The researchers are 
measuring reactive oxygen species again, but with increasing 
concentrations of ceramides (C2) or an inactive molecule (C2-
di). [C] The researchers have added fumonisin B1 (this inhibits 
the enzyme that produces ceramides from fats) along with 
palmitate alone to see the effect on reactive oxygen species 
generation. Palmitate: Saturated fat only condition, Oleate:
Unsaturated fat only condition, Oleate/Palmitate (o/p): Mixture 
of exposure to saturated and unsaturated fats.

Primary Results
- Palmitate, alone, increases reactive oxygen species 
production. 
- Ceramides increase reactive oxygen species production. 
- Combination of saturated and unsaturated fats ameliorate the 
increase in ROS seen with just palmitate. 

Take Away: Palmitate, likely through ceramide production, 
increases oxidative stress from mitochondria. This oxidative 
stress effect is nullified by unsaturated fat. 
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Figure 2
[A] This data shows the amount of DNA breaks (damage) that occur 
at increasing concentrations of the two fats (palmitate, oleate, or 
both). [B] This is a measure of cell ATP (cell energy) levels, in 
cultured muscle cells, with increasing concentrations of the two fats 
(palmitate, oleate, or both). Palmitate: Saturated fat only condition, 
Oleate: Unsaturated fat only condition, Oleate/Palmitate (o/p):
Mixture of exposure to saturated and unsaturated fats.

Primary Results
- There is increased DNA break frequency with palmitate addition, 
especially with increasing concentration.
- There is a protective effect of unsaturated fats on DNA break 
frequency. 
- ATP levels are lower only with palmitate exposure to the cells. 

Take Away: Saturated fat, palmitate, increases DNA damage and 
reduces cell energy levels, yet unsaturated fat, oleate, eliminates 
these effects. 
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Figure 3
All of these measures are of cell viability (cell survival) when 
exposed to various substances. [A] Cells were exposed to palmitate 
or oleate, or both at increasing concentrations. [B] Cells were 
exposed to increasing concentration of ceramides (C2) or inactive 
molecule (C2-di). [C] Cells are exposed to increasing palmitate 
levels with or without fumonisin B1 (this inhibits the enzyme that 
produces ceramides from fats). Palmitate: Saturated fat only 
condition, Oleate: Unsaturated fat only condition, Oleate/Palmitate 
(o/p): Mixture of exposure to saturated and unsaturated fats. 

Primary Results
- Cell survival is diminished at some concentrations (0.25, 0.75, and 
1mM) of palmitate, but not when exposed to unsaturated fats (with 
or without palmitate). 
- High levels of ceramides lead to cell death.
- Palmitate reduces cell viability, but this effect is eliminated when 
ceramide production is inhibited. 

Take Away: Cell survival is negatively affected by exposure to 
palmitate, but that is rescued by exposure to unsaturated fats. Also, 
saturated fat, palmitate, may mediate this effect through ceramide 
production. 

Figure 4
[A, B] This data shows the phosphorylation and total levels of the 
cell stress protein JNK; greater phosphorylation is normally greater 
activation of that protein. Palmitate: Saturated fat only condition, 
Oleate: Unsaturated fat only condition, Oleate/Palmitate (o/p):
Mixture of exposure to saturated and unsaturated fats.

Primary Results
- JNK may be phosphorylated more palmitate. 
- Oleate negates the phosphorylation of JNK. 

Note: These blots are blown out and are oversaturated, which 
makes the comparison difficult and possibly incorrect.

Take Away: Assuming the data is accurate, this would imply 
palmitate leads to greater activation of the cell stress protein JNK, 
while oleate eliminates this activation.

Figure 5
This data shows the cleavage of the pro-cell death protein caspase 3. 
If the caspase is cleaved, it is activated toward cell death. This is in 
increasing concentrations of the two fats. Palmitate: Saturated fat 
only condition, Oleate: Unsaturated fat only condition, 
Oleate/Palmitate (o/p): Mixture of exposure to saturated and 
unsaturated fats.

Primary Results
- Caspase 3 is highly cleaved with high concentrations of palmitate. 
- Caspase 3 is not cleaved when unsaturated fats are present. 

Take Away: Saturated fat, palmitate, increases the signaling for cell 
death through cleavage of caspase 3. 

Figure 6
[A, B] This data represents the amount of phosphorylation of Akt, 
a downstream signal of insulin, and total Akt with the two fats, 
with and without insulin exposure. [C] Cells are exposed to 
increasing palmitate levels with or without fumonisin B1 (this 
inhibits the enzyme that produces ceramides from fats), and with 
or without NAC (a precursor to the antioxidant, anti-oxidative 
stress enzyme, glutathione). 

Primary Results
- Palmitate, at elevated concentrations, reduces the 
phosphorylation of Akt with insulin stimulation. 
- Oleate does not reduce the phosphorylation of Akt with insulin 
stimulation. 
- Akt phosphorylation was re-introduced when the ceramide 
inhibitor and the glutathione pre-cursor were used. 

Note: The total Akt are unreadable - again, far oversaturated. 

Take Away: Assuming the data is correct, palmitate reduces Akt 
phosphorylation and thereby may reduce insulin signaling; 
however, reducing ceramide production or increasing 

   Study 28 Page 6    



Note: The total Akt are unreadable - again, far oversaturated. 

Take Away: Assuming the data is correct, palmitate reduces Akt 
phosphorylation and thereby may reduce insulin signaling; 
however, reducing ceramide production or increasing 
antioxidants rebounds the phosphorylation of Akt. 

Figure 7
[A] This data shows the phosphorylation of the protein Akt 
(involved in insulin signaling) in normal muscle cell media 
(liquid feeding the cells) labeled as 'C', then the same 
experiment with exposure to 1mM palmitate, then again with 
palmitate with a JNK protein inhibitor. All of these conditions 
are with or without insulin stimulation. [B] Same conditions 
and experiment as [7A], but a measure of caspase levels as 
a measure of apoptosis (cell death). 

Primary Results
- Insulin stimulation leads to phosphorylation of Akt.
- Akt phosphorylation is dampened with palmitate exposure. 
- Phosphorylation of Akt is re-introduced with JNK inhibition.
- Caspase3 is reduced with palmitate exposure. 
- Caspase3 is partially returned with JNK inhibition. 

Note: For [7A], there should be a loading control beyond 
total Akt, because the total protein load could be different 
between conditions. Additionally, [7B] shows caspase levels, 
but not cleaved caspase, which is the more appropriate 
marker of apoptosis.

Take Away: With assumptions, palmitate reduces phospho-
Akt levels, while inhibiting JNK rebounds that 
phosphorylation. This would imply a betterment in insulin 
signaling from JNK inhibition, but more data is needed. The 
second implication is a reduced level of cell death signaling 
within the cells with JNK inhibition, but the measure is 
insufficient for that conclusion, so I would be extremely 
cautious making that assumption on this data. 

Figure 8
[A-C] This data represents the amount of PGC1alpha and 
TFAM, mitochondrial generation mediators (more of both, 
more mitochondria production, generally) with increasing 
concentrations of two fats (palmitate, oleate, or both).

Primary Results
- PGC1alpha and TFAM levels decrease with palmitate 
exposure. 
- Oleate recovers the PGC1alpha, TFAM levels reduced by 
palmitate exposure. 

Take Away: The implication is that mitochondrial production 
may be reduced with palmitate addition, but rescued when 
unsaturated fats are present. 

Figure 9
This data represents the PGC1alpha and TFAM levels 
(mitochondrial generation mediators; more of both, more 
mitochondria production, generally) when exposed to palmitate, 
with or without NAC (a precursor to the antioxidant, anti -oxidative 
stress enzyme, glutathione - this reduces oxidative stress). 

Primary Results
- Using NAC increases the levels of both TFAM and PGC1alpha. 

Take Away: Assuming NAC really did reduce oxidative stress, 
this data implies a protective effect at maintaining TFAM and 
PGC1alpha levels by reducing oxidative stress (potential for more 
mitochondria).
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mitochondria).

Discussion: A western diet seems to deteriorate insulin 
sensitivity, and consumption of unsaturated fats seem to have 
either no negative effect or improve insulin sensitivity. It is 
difficult, if not impossible, to determine the exact ratio of 
saturated vs unsaturated fat consumption to experience these 
protective effects of oleate (unsaturated fat). 

   Study 28 Page 8    



   Study 28 Page 9    



   Study 28 Page 10    


