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What are Ceramides?

» Sphingolipids found in cell membranes
» Serve structural and functional purposes
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Uncontrolled Lipolysis
During Peripartum

» Excessive lipolysis is associated
with increased risk for peripartal
diseases.

» Le Marchand-Brustel, et al., 2003; Holtenius et al., 2003; Pires et al., 2010; Zachut et al., 2013.
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» Adipose tissue-specific insulin
resistance occurs postpartum in
cows with accelerated lipolysis.
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Adapted from Zachut et al., 2013

Le Marchand-Brustel, et al., 2003; Holtenius et al., 2003; Pires et al., 2010; Zachut et al., 2013.
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Metabolomics has Transformed
our Understanding

Biological Question Experimental Design Data Processing Statistical Analysis Interpretation

In vivo or in
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vitro model * Tissues » Dry-down platform + Peak alignment Principal
Expected = Urine « Derivatization « Instrumentation + Peak validation component
variation = Cell lysate « Internal method analysis
Population = Saliva standards » External PLS cluster
parameters = Food = Reconstitution standards analysis




Ceramide Accrual Develops
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Ceramide is Inversely Related to

Insulin Sensitivity
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Inducing Hyperlipidemia Increases
ceramide Synthesis
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Nutrient Restriction Increases
Ceramide in Cows Experiencing
Insulin Intolerance
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Palmitic Acid Feeding Increases
Plasma Ceramide
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Palmitic Acid Increases Plasma
Ceramide Relative to Other
Saturated Fatty Acids
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Palmitate Increases Hepatocyte
Ceramide Synthesis
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Circulating Ceramide is
Consistently Positively Related to
Milk Yield

Pearson correlation coefficient (r)
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Exogenous Ceramide Inhibits
Insulin Sensitivity via AKT
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Exogenous Ceramide Inhibits
Glucose uptake
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Summary of Findings

Ceramide increases during the transition from
gestation to lactation and is associated with
lipolysis and reduced insulin sensitivity
Ceramide is produced by hepatic cells and can

Impair insulin sensitivity of adipose cells




Current Model & Future work:
The Adipose-Liver-Mammary Gland Axis

Fatty acids,
dletary sources
CERAMIDES
NEFA Mammary
- —> L|poprote|n -_—— Adlpose -———> gland
Spared
glucose
Reduced
Insulin action

MlIkyleId
In Vivo effects of ceramides?

Evaluate as biomarkers: disease/productive life
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Ceramide Synthesis is Reduced
by Myrl()Cln Ceramide
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Inhibition of Ceramide Synthesis
Increases Insulin Sensitivity
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Inhibition of Ceramide Synthesis
Increases Glucose Uptake
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Inflammation may Increase
Ceramide Synthesis

A Inflammation
o o] X OH

O

' A . . -
/\NV\AA/\J)AO/JP\O/VN\— Sph|nqomye||nase o MA/\N\/\)Y\OH =
W\/\/\/\/\/\]/NH 3 \ = NH )
\/\/\/\/\/\/\/\F S
° Phosphocholine 7 ! © 5
C16:0-sphingomyelin Ho f No~N= C16:0-ceramide SE
OH _g-"g -
B o“? 301 P-value :
s 201 Dpay<o0.001 i
Lean —_— — ‘Overweight o 10 1 !
2 C16:0-sphingomyelin 0_21 14 75 0247 14 21
C18:0-sphingomyelin Day relative to parturition
C22:0-sphingomyelin D
1 C24:0-sphingomyelin 200 ' P-value
C16:1-sphingomyelin = 180 1 Day<0.001
.1 C18:1-sphingomyelin ? 160 : BCS <0.01
] ) ) > 140 ) *
0 C20:1-sphingomyelin E
) ) o 120 1
C22:1-sphingomyelin 2F 100 1
C24:1-sphingomyelin £ 2 g0
y Total sphingomyelin & e
C16:0-DH-sphingomyelin 8 gg
C18:0-DH-sphingomyelin O 0
2 - C20:0-DH-sphingomyelin 21 14 75 024 7 14 21
|| Total DH-sphingomyelin

2114 -7 -5 0 2 4 7 1421-21-14 -7 -5 0 2 4 7 14 21
Day relative to parturition

* P <0.05; Rico et al., 2017; 2018.




Conclusion and Importance

Ceramide Inhibits insulin stimulated glucose uptake
by downregulating AKT activation in primary bovine
adipocytes.

The potential exists to modulate ceramide
synthesis and insulin resistance in ruminants.
Novel strategies to improve metabolic health and

productive performance.




Future Research

The In vivo assessment of the direct effects of

ceramides on insulin action is required.
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