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Transition Period in Dairy Cows

Contreras GA, et al. 2017. J Anim Sci 
Biotechnology. 2

Lipolysis dysregulation  Diseases

Lipolysis: Fat breakdown
Lipogenesis: Fat synthesis



Mitochondrial Dysfunction in Adipose Tissue
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Lipolysis: Fat breakdown
Lipogenesis: Fat synthesis
Adipogenesis: Preadipocytes  Adipocytes 
β-oxidation: Breakdown of FA in mitochondria to produce energy
Redox balance: Antioxidants = Pro-oxidants

ATP production Adipose tissue dysfunction NEB



Solution?
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Fatty acid Supplementation Energy partitioning

Nutritional approaches Lipolysis
Lipogenesis

NEB
Health & lactation 
performance

Lipolysis: Fat breakdown
Lipogenesis: Fat synthesis



Fatty Acid Supplementation in Dairy Cows
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Palmitic 
acid

Oleic 
acid

Increases 
energy output 

in milk 

Minimizes BW 
and BCS 

losses

Increases 
plasma insulin

De Souza J, et al. 2019. J. Dairy Sci.
De Souza J, et al. 2021 a&b. J. Dairy Sci.
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OA Limits Lipolysis and Enhances Mitochondrial Function

CON

OA
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Gap in Knowledge 
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The mechanisms behind OA modulating lipid 
metabolism and mitochondrial function



OA Increases PPARα Protein Expression in 
Adipose Tissue
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Hypothesis

Objective
Evaluate the effect of OA on lipid metabolism and mitochondrial bioenergetics in 

bovine adipocytes 

• OA, alone or in combination with PA, promotes lipid accumulation in a PPARα-
dependent mechanism 

• OA improves mitochondrial function
10



Harvesting and Growing Preadipocytes

11n = 3-6



Experimental Timeline
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CON PA OA PA-OA

300µM 300µM 60% PA + 40% OA  
300µM

Treatments

No FA supplement
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0
Induction

7Plate 4

Treatments

6 days

With or without PPARα antagonist (GW6471) at 10 μM
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Collection and Analysis

74

Treatments

days



Results
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d 7
n = 6
Mean ± SEM

1.73 2.26 2.04

P < 0.0001

PPARα antagonist

OA’s Lipogenic Effect is PPARα Dependent
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Lipid Droplet
Nucleus
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PA and OA Increase PPARα Protein Expression

P = 0.05P = 0.51



OA Enhances Expression of Lipogenic Gene Networks

CON PA OA PA-OA
0.0

0.1

0.2

0.3

DGAT2L6

Treatments
FP

K
M

CON PA OA PA-OA
0.0

0.5

1.0

1.5

FABP4

Treatments

FP
K

M
 R

el
at

iv
e 

to
 C

O
N

CON PA OA PA-OA
0

1

2

3

CD36

Treatments

FP
K

M
 R

el
at

iv
e 

to
 C

O
N

a

ab
b

b

CON PA OA PA-OA
0.0

0.5

1.0

1.5

LPIN2

Treatments

FP
K

M
 R

el
at

iv
e 

to
 C

O
N

CON PA OA PA-OA
0.0

0.5

1.0

1.5

AGPAT2

Treatments

FP
K

M
 R

el
at

iv
e 

to
 C

O
N a abab

b

b

CON PA OA PA-OA
0.0

0.5

1.0

1.5

2.0

PLIN2

Treatments

FP
K

M
 R

el
at

iv
e 

to
 C

O
N

a
a

ab

b

b

CON PA OA PA-OA
0.0

0.5

1.0

1.5

PLIN3

Treatments

FP
K

M
 R

el
at

iv
e 

to
 C

O
N a a

b

b

b

FA Transporters LD Formation

TAG Synthesis

CON PA OA PA-OA
0.90

0.95

1.00

1.05

1.10

1.15

ACSL1

Treatments

FP
K

M
 R

el
at

iv
e 

to
 C

O
N a

c

b

b

d 4
n = 3
Mean ± SEM

P = 0.04 P = 0.14 P = 0.03 P = 0.008

P = 0.03 P = 0.41 P = 0.14 P = 0.009
21



CON PA OA PA-OA
0.0

0.5

1.0

1.5

2.0

2.5

Treatments

M
ito

Sp
y 

M
ea

n 
In

te
ns

ity
 /

N
uc

le
i c

ou
nt

bc
c

a

ab

P = 0.006

OA Restores Mitochondrial Membrane Potential

22

d 7
n = 7
Mean ± SEM



CON PA OA PA-OA
0

1

2

3

4

PGC1A

Treatments
R

el
at

iv
e 

ge
ne

 e
xp

re
ss

io
n

a a
b

ab

P = 0.06

CON PA OA PA-OA
0

1

2

3

4

SIRT1

Treatments

R
el

at
iv

e 
ge

ne
 e

xp
re

ss
io

n

a a
b

ab

P = 0.05

23

PA Reduces Mitochondrial Oxidation and Biogenesis

CON PA OA PA-OA
0

1

2

3

4

NDUFS1

Treatments

R
el

at
iv

e 
ge

ne
 e

xp
re

ss
io

n

P = 0.05

a a
b

ab

d 7
n = 6
Mean ± (LL,UL)



CON PA OA PA-OA
0

1

2

3

4

CAC

Treatments

R
el

at
iv

e 
ge

ne
 e

xp
re

ss
io

n

a a ab
b

P = 0.06

CON PA OA PA-OA
0

1

2

3

4

CPT1

Treatments

R
el

at
iv

e 
ge

ne
 e

xp
re

ss
io

n

a a
b ab

P = 0.06

CON PA OA PA-OA
0

1

2

3

4

CPT2

Treatments

R
el

at
iv

e 
ge

ne
 e

xp
re

ss
io

n

a a
b ab

P = 0.06

24

PA Reduces FA Transport into the Mitochondria
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Summary

• OA, alone or in combination with PA, enhances 
lipid accumulation in a PPARα-dependent 
manner and increases the expression of 
lipogenic gene networks
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• OA enhances mitochondrial membrane potential compared with PA

• PA alone suppresses the expression of mitochondrial genes, however, when combined with 
OA, the effect is attenuated



Implications
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• Mechanistic evidence for the use of OA along with PA in 
postpartum dairy cow diets to 
• Enhance fat storage
• Decrease lipid mobilization
• Recover adipose tissue bioenergetics
 Lowering their risk of health issues and maximizing production

• Future direction
Assess the effects of OA and PPARα activation during lipolysis, 
inflammation, and oxidative stress
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Thank You!
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