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Obesity and the metabolic syndrome 
Department of Clinical Science 

Blood lipids  
increase 

TAG 
Cholesterol 

FFA 

Presenter
Presentation Notes
Obesity complications arise when adipose tissue looses the capacity to store lipids, resulting in increased blood lipid levels (triglycedrides, cholesterol and free fatty acids) and deposition of lipids in liver, pancreas, heart, skeletal muscle and blood vessels. During excess energy intake, the body must expand its lipid-storing capacity and also cope with hyperglycemia, meaning high glucose levels in the blood, which is the underlying cause of many obesity complications. If not, insulin sensitivity in the tissues is reduced.
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Mitochondrial efficiency 
Department of Clinical Science 

Nature Medicine - 12, 46 - 47 (2006)  
doi:10.1038/nm0106-46 

Diet  /  Bioactive  
           compounds 

Exercise 

Drugs 

Presenter
Presentation Notes
Mitochondrial dysfunction is believed to play an important role in metabolic disturbances, and may be a cause of hereditary metabolic disease. Mitochondria are involved in many metabolic pathways, and their main task is to use oxygen to produce ATP. The efficiency of this process is determined by both genetic and environmental influences. A study in 2006 showed that artificial selection based on aerobic capacity, a reflection of mitochondrial function, identified rats with mitochondrial dysfunction and susceptibility to cardiovascular risk, factors that constitute the metabolic syndrome in humans.
As we cannot affect the genetic factors, it has been a goal in nutritional research to find the best possible diets to improve mitochondrial processes. Macronutrients function as regulators of gene expression and enzyme activity, and their relative levels will determine which pathways needs to be activated. Bioactive compounds are extra potent activators of these pathways.
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Beta-oxidation and the carnitine shuttle 
Department of Clinical Science 

Carnitine CoASH Carnitine CoASH 

Ueland T, et al. Disturbed carnitine regulation in chronic heart failure - 
Increased plasma levels of palmitoyl-carnitine are associated with poor 
prognosis. Int J Cardiol. 2013. 167:1892-9. 
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• High fish intake – health benefits! 
 

Marine ingredients and human health 

Can fish peptide 
fractions with 

specific bioactive 
properties be 

isolated? 

Can lipid structure 
determine the effect 

of EPA/DHA-rich 
oils? 

Presenter
Presentation Notes
In MitoHealth, we focus on the effect of bioactive compounds isolated from marine organisms. It is well-known that a high fish intake is beneficial for health. It is important to discover if other componds besides the EPA/DHA rich oils are responsible for this health effect. 




uib.no 

Studies in animals 
Department of Clinical Science 

Control Herring roe Herring milt 

Group 1 Group 2 Group 3 

Advantages: 
• Defined diets 
• Homogenous genetic background 
• Minimal “lifestyle” influence 
• Possible to study organ-organ 

interplay 
• Transgenic mice models 

Disadvantages: 
• Different lipoprotein composition 

rodents vs. humans 
• Will the effects seen in animal studies 

result in actual health benefits in 
humans? 
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Marine phospholipids vs. fish oil 
Department of Clinical Science 

Herring roe FISH OIL 

Phospholipids 
Polar, mixes with H2O 

Choline content 

TAG 
Non-polar, hydrophobic 

2 3 

Different structural forms can affect bioavailability, brain bioaccretion, 
incorporation into cells, susceptibility to peroxidation 



uib.no 

Advantages of marine phospholipids 
• Studies suggest that PLs is a more effective delivery form of n-3 PUFAs to 

body tissues than TAG  
– Liu et al. J Lipid Res. 2014, p531; Rossmeisl et al. Plos ONE. 2012, e38834; 

Wijendran et al. Pediatr Res. 2002, p265 
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Advantages of marine phospholipids 
• Studies suggest that PLs is a more effective delivery form of n-3 PUFAs to 

body tissues than TAG  
– Liu et al. J Lipid Res. 2014, p531; Rossmeisl et al. Plos ONE. 2012, e38834; 

Wijendran et al. Pediatr Res. 2002, p265 
 

• Fish oil and krill oil supplementations has been shown to differentially 
regulate genes involved in lipid metabolism, inflammation and 
mitochondrial oxidative phosphorylation in mice.  

– Tillander et al. Nutr Metab. 2014; Burri et al. Front Genet. 2011; Bjørndal et al. J 
Funct Foods. 2013; Vigerust et al. Eur J Nutr. 2012 
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Fatty acid synthesis: 

Acetyl-CoA Fatty acid 
ACC FAS 

lipogenesis 

+ 

SREBP-
1c 

Department of Clinical Science 

Presenter
Presentation Notes
Sterol regulatory element-binding protein 1c mainly regulates fatty acid synthesis…
Acetyl co-A carboxylase alpha and fatty acid synthase are important enzymes in lipogenesis, and were both significantly more reduced by krill oil than fish oil.
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Advantages of marine phospholipids 
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• Oils rich in PC also supply the conditionally essential nutrient choline.  
– Important for the syntesis of acetylcholine, PLs, transport of lipids and 

reductin of homocysteine.  
– Inadequate intake in several populations (Zeisel et al. Nutr Rev 2009, p615) 
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• Oils rich in PC also supply the conditionally essential nutrient choline.  
– Important for the syntesis of acetylcholine, PLs, transport of lipids and 

reductin of homocysteine.  
– Inadequate intake in several populations (Zeisel et al. Nutr Rev 2009, p615) 
 

Herring roe: Rich in PC and DHA (Bjørndal et al. Lipids Health Dis. 2013) 
 

Department of Clinical Science 
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Presenter
Presentation Notes
The aim of the study was to see if herring roe and milt had positive effects on lipid metabolism and inflammation in a TNFalfa overexpressing mouse model
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Herring roe and milt in TNF-α transgenic mice 

• Female TNF-α transgene C57BL/6 mice:  

– Control diet: 20% casein, 23% high-fat (lard) 
– Herring roe diet: 15% HR protein, 3.7% HR lipids 
– Herring milt diet: 15% HM protein, 1.3% HM lipids 

Animals were fed for 2 weeks (n = 6) 

Department of Clinical Science 

Illustration: The Jackson Laboratory 
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RESULTS: Plasma lipid levels 

• TAG was only significantly reduced by the herring milt 
diet 

Department of Clinical Science 
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Hepatic lipid metabolism 

• Lipid oxidation increased 
in: 
– Mitochondria (CPT2) 
– Peroxisomes (ACOX1) 

 
 

• Lipogenesis reduced 
(FASN) 

Department of Clinical Science 

 

Presenter
Presentation Notes
acyl-coA synthetase activates the fatty acid before it is transported into the mitochondria for b-oxidation
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Plasma cytokine levels 

• Herring roe reduced inflammation in TNFalpha mice 

Department of Clinical Science 
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MOPL30 supplement: phospholipids from herring roe 
Department of Clinical Science 

Benefits of Herring-products: 
• Immature roe from Spring-spawning Norwegian herring 

is an underutilized source of omega-3 for humans 
• Arctic Nutrition’s herring roe MOPL30™ product has 

about 30% phospholipids and DHA:EPA ratio of 3:1 
• A majority of phosphatidyl-choline 

 
• MOPL30: 511 mg fill wt capsules 

– 56 mg EPA  
– 158 mg DHA 
– 12 mg n3 DPA   

 

Adapted from prof. Alvin Berger 
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Study justification 
• Studied healthy, young subjects (normal BMI) with high 

habitual fish consumption (=Norwegians) to determine if 
MOPL30 still increases plasma omega 3 and affects 
other parameters 
 

• Evaluated glucose parameters 
 

• Wash-out effects are rarely examined 
 

• Used dose (≈2 g) consistent with TAG lowering  
 

Department of Clinical Science 

Adapted from prof. Alvin Berger 

Presenter
Presentation Notes
Studies suggest improved bioavailability/bioaccretion for phospholipid omega-3s, but must prove for MOPL30
Prior to larger, $$$ trial, must understand how MOPL30 effects plasma lipids/other parameters (adds confidence, helps decide which parameters to focus on)
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Participants 

• Age 20-26 years 
• Average BMI: 21.2 ± 2.8 
• 20 women and 1 man 

 
• Omega-3 supplements and roe-products were excluded 

from the diet 3 wks before baseline samples (habitual  
fish consumption permitted) 

Department of Clinical Science 
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Study design 
• 21 healthy individuals were given MOPL30 supplement for 14 days 
 

•  EPA (613 mg) + DHA (1737 mg) per day  
– 4 capsules breakfast (8-9) 
– 4 capsules lunch (12) 
– 3 capsules dinner (16-17) 

 

• Blood samples taken, and oral glucose tolerance test (OGTT)  
performed (n = 21 subjects) at baseline and end of study 
 
 

• Fasting plasma glucose, insulin, and lipids was measured 
 

Department of Clinical Science 

Presenter
Presentation Notes
OGTT: 75 g glucose in 300 mL water ingested during 5 min; samples taken at 10, 30, 60 and 120 min
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Study design – wash out effect 

• EDTA-plasma collected 1 wk and 4 wks after final day of 
capsule intake (n=14) 
– Fasting plasma lipids, glucose and insulin were 

measured 
 

Department of Clinical Science 
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Plasma lipids: TAG, NEFA, PL 

• TAG and NEFA reduced after 2 wks MOPL30- 
• TAG increased 4 wks after trial vs end, but still lower vs start 

Department of Clinical Science 

X̄̅+SEM shown. Non-parametric pairwise t-test for start vs end (n=21 subjects); or end vs wash out 
(WO) wk 1 and 4 (n=14) D'agostine and Pearsons omnibus normality test, Prism GraphPad 

21% 5.2% 
23.3% 
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HDL cholesterol and LDL/HDL ratio 
• HDL increased after 2 wks MOPL30 
• HDL returned to start levels after 4 wks WO 
• LDL/HDL cholesterol ratio unchanged 

Department of Clinical Science 

5.5% 4.2% 7.6% 

X̄̅+SEM shown. Non-parametric pairwise t-test for start vs end (n=21 subjects); or end vs wash out 
(WO) wk 1 and 4 (n=14) 

Presenter
Presentation Notes
Omega-3 fatty acids are known to increase LDL-cholesterol in many studies, however may result in larger and less atherogenic LDL particles. Wash out gives a decrease in LDL cholesterol, but I only found studies where LDL was increased during treatment.
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Plasma lipids: total and LDL-cholesterol 
• No effect  on total- and LDL after 2 wks 
• Total- and LDL reduced- 4 wk wash out vs end 
• Note: MOPL30 has 2.2% (w/w) cholesterol  or 124 mg/d in 11 capsules 

(1/3 of requirement) 

Department of Clinical Science 

18.7% 
10.4% 

X̄̅+SEM shown. Non-parametric pairwise t-test for start vs end (n=21 subjects); or end vs wash out 
(WO) wk 1 and 4 (n=14) 
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Oral glucose tolerance test (OGTT) 
• Reduced plasma glucose level 10 min and 2 h after glucose intake, and 

reduced area under the curve (AUC) after 2 wks MOPL30 
 

Department of Clinical Science 

X̄̅+SEM shownn (n = 20) Pairwise t-test. *p<0.05 

OGTT AUC 

Presenter
Presentation Notes
Subjects fasted 12-14h; OGTT given at 8 or 10 am. At baseline, capsules skipped on morning of OGTT. At end, OGTT morning after final capsules
75 g glucose in 300 mL water ingested in 5 min
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Plasma choline and betaine levels 

• 2 wks MOPL30 increased plasma choline and betaine 

Department of Clinical Science 
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Plasma and RBC lipid classes (shotgun lipidomics) 

• Interestingly, PC was not increased in plasma and RBC 

Department of Clinical Science 

Presenter
Presentation Notes
Shpingomyeline in RBC reflected levels in brain (neuronic acid)
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Plasma carnitine and acylcarnitines 

• While carnitine itself was unchanged, acylcarnitines were 
reduced in plasma by MOPL30 

Department of Clinical Science 

High levels linked to poor 
prognosis in CVD patients  

(C2) 

(C8) (C16) 

Presenter
Presentation Notes
Sette inn 4 figurer carn, acetylcarn, oct carn, palm carn
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CONCLUSIONS: baseline to end 
• 2 g MOPL30/d reduced plasma TAG and NEFA, and 

increased HDL-C in young individuals with a diet rich in 
omega-3.  
 

• In other short-term studies in healthy people consuming high 
levels of omega-3, fish oil-TAG did not lead to  favorable 
changes in lipoproteins 
 

• Reduced levels of CVD risk-associated acylcarnitines 
 

• Changes to AUC in OGTT suggested improved insulin 
response 
 

• Free choline and betaine were increased, but not PC 
 

• EPA increased more than DHA in the PC fraction 
 

 
 

Department of Clinical Science 

Presenter
Presentation Notes
Competition between VLDL production and HDL production - Jacobson TA. Secondary prevention of coronary artery disease with omega-3 fatty acids. Am J Cardiol 2006; 98:61i–70i. CrossRefMedline

No effect on fasting glucose, insulin, surrogate indices of IR
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CONCLUSIONS-Wash out  
• Decreases in TAG and increases HDL were reversed 4 

wks after discontinuation of MOPL30 
 

• Total cholesterol and LDL were unchanged from 
baseline – end of MOPL30 but reduced 4 wks after end 
of supplement (vs End) - a delayed response to 
MOPL30? 
 

• A prolonged effect on plasma acylcarnitine levels? 
 
 
 
 

 
 
 

Department of Clinical Science 



Department of Clinical Science 

Acknowledgement 
Lipid Research Group: 

Prof. Rolf K. Berge 
Dr. Bodil Bjørndal 

Prof. emeritus Jon Skorve 
 

Kari Mortensen 
Randi Sandvik 
Kari Williams 

Liv Kristine Øysæd 
Svein Krüger 

Collaboration: 
Arctic Nutrition / Prof. Alvin Berger 

Prof. Sheila M. Innis 
Prof. Bernt Diehl 

 
Aker Biomarine / Dr. Lena Burri 

 
Prof.  Asbjørn Svardal 

 


	Phospholipids from Herring Roe�Pre-clinical and clinical data
	Obesity and the metabolic syndrome
	Mitochondrial efficiency
	Beta-oxidation and the carnitine shuttle
	Marine ingredients and human health
	Studies in animals
	Marine phospholipids vs. fish oil
	Advantages of marine phospholipids
	Advantages of marine phospholipids
	Fatty acid synthesis:
	Advantages of marine phospholipids
	Advantages of marine phospholipids
	Slide Number 13
	Herring roe and milt in TNF-a transgenic mice
	RESULTS: Plasma lipid levels
	Hepatic lipid metabolism
	Plasma cytokine levels
	Slide Number 18
	MOPL30 supplement: phospholipids from herring roe
	Study justification
	Participants
	Study design
	Study design – wash out effect
	Plasma lipids: TAG, NEFA, PL
	HDL cholesterol and LDL/HDL ratio
	Plasma lipids: total and LDL-cholesterol
	Oral glucose tolerance test (OGTT)
	Plasma choline and betaine levels
	Plasma and RBC lipid classes (shotgun lipidomics)
	Plasma carnitine and acylcarnitines
	CONCLUSIONS: baseline to end
	CONCLUSIONS-Wash out 
	Slide Number 33

