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Why the Interest in Ceramides?



• Sphingolipids found in cell membranes

• Serve structural and functional purposes

What are Ceramides?
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➢Excessive lipolysis is associated 

with increased risk for peripartal

diseases. 
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Uncontrolled Lipolysis 

During Peripartum

Le Marchand-Brustel, et al., 2003; Holtenius et al., 2003; Pires et al., 2010; Zachut et al., 2013.



➢Excessive lipolysis is associated 

with increased risk for peripartal

diseases. 

➢Adipose tissue-specific insulin 

resistance occurs  postpartum in 

cows with accelerated lipolysis.

6

Uncontrolled Lipolysis 

During Peripartum

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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➢Excessive lipolysis is associated 

with increased risk for peripartal

diseases. 

➢Adipose tissue-specific insulin 

resistance occurs  postpartum in 

cows with accelerated lipolysis.

➢High NEFA is associated with insulin 

resistance via incompletely 

understood mechanisms. 
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Uncontrolled Lipolysis 

During Peripartum
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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 
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Ceramide Accrual Develops 

During Peripartum LEAN OVERWEIGHT 

*, P < 0.05
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Liver

Skeletal muscle

+40%

+60%

Rico et al., 2015, 2017 
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Skeletal muscle

C16:0-ceramide, ng/mg

B

Postpartum

Rico et al., 2017 

GTT; measure of lipolysis

LEAN

OVERWEIGHT

ITT; Systemic insulin sensitivity 

Ceramide is Inversely Related to 

Insulin Sensitivity  

A
LEAN

OVERWEIGHT

Plasma C24:0-ceramide, ng/mL

ISRG: Insulin-stimulated reductions in glucose   



i.v. TAG infusion; GlcCer = Monohexosylceramide; bold or *, P < 0.05; Rico et al., 2018 
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A B C
Re-fed

Nutrient-restrictedAd libitum fed

h 32

Differing superscripts within time point, P < 0.05; Davis et al., 2017

ITT

Nutrient Restriction Increases 

Ceramide in Cows Experiencing 

Insulin Intolerance



Palmitic acid feeding increased hepatic ceramide (wk 7).
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Palmitic Acid Feeding Increases 

Plasma Ceramide



Plasma; **, P < 0.01; ***, P < 0.001; Rico et al., 2017, 2018 (ADSA Abstracts)

Palmitic Acid Increases Plasma 

Ceramide Relative to Other 

Saturated Fatty Acids 



In neonatal 
bovine 
hepatocytes
; 18 h 
culture

*, P < 0.05; McFadden et al., 2018 (ADSA Abstract); 4 calves for hepatocyte cultures, 3 reps/calf

Control  C16:0   C16:0 + 

CerS Inhibitor

Palmitate Increases Hepatocyte 

Ceramide Synthesis



Early lactation; Plasma; N = 37; Rico et al., 2016, 2017

(ADSA abstract); Davis et al., 2017 (ADSA abstract)
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Consistently Positively Related to 

Milk Yield



Exogenous Ceramide Inhibits 

Insulin Sensitivity via AKT 

Primary bovine adipocytes; *, P < 0.05; Rico et al. 2018
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Exogenous Ceramide Inhibits 

Glucose uptake
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Primary bovine adipocytes; *, P < 0.05; Rico et al. 2018
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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



Lipoprotein

Current Model & Future work: 

The Adipose-Liver-Mammary Gland Axis

CERAMIDES

Fatty acids, 
dietary sources

Spared 

glucose 

NEFA Mammary 

gland

Reduced 
Insulin action

Milk yield 

▪ in vivo effects of ceramides?

▪ Evaluate as biomarkers: disease/productive life
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Questions?

The Role of Ceramide in the Dairy 
Cow: an Overview of Current 
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Inhibition of Ceramide Synthesis 

Increases Insulin Sensitivity 

Primary bovine adipocytes; *, P < 0.05; Rico et al. 2018
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Inhibition of Ceramide Synthesis 

Increases Glucose Uptake

Primary bovine adipocytes; *, P < 0.05; Rico et al. 2018



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

▪



▪ The in vivo assessment of the direct effects of 

ceramides on insulin action is required. 

Future Research
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