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Sparagna, Chicco et al. J Lipid Res, 2007 

Progressive loss of cardiac L4CL in 

Spontaneously Hypertensive HF rats 



Supplementation with 20% (w/w) high-18:2 safflower oil 

restores L4CL and improves survival in aged SHHF rats 

20% HLSO or Lard diets beginning at 18 mo of age until moribund 



Male 21 mo old SHHF rats (early CHF) fed 10% HLSO or Lard (w/w) 4 weeks 



Will dietary HLSO supplementation  

enrich cardiolipin with 18:2n6 and improve 

cardiac mitochondrial respiratory function 

in Taz shRNA mice? 



Effect of HLSO supplementation on mito  

PL composition in WT vs. Taz mice 

18:2n6, 18:1 in WT and taz (all PLs)  

 

PC 18:2n6:  taz > WT 

 

PE 20:4n6:  taz > WT 
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Male taz shRNA mice 4-5 mo of age;  

10% HLSO (w/w) mixed in chow for 4 weeks 



Modest increase in cardiac mito CL content 

and L4CL% with HLSO supplementation 
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HLSO does not improve mitochondrial OXPHOS 

capacity or efficiency in Taz or WT mice 
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Will stimulation of CL biosynthesis 

increase mito CL content and improve 

mitochondrial respiratory function in the 

presence of Taz deficiency? 



Thyroxine (T4) stimulates CL biosynthesis 

and mitochondrial respiratory function 

Thyroxine stimulates PGPS activity in rat heart 

mitochondria. 

Cao SG, Cheng P, Angel A, Hatch GM.  

Biochim Biophys Acta 1995 May 17;1256(2):241-4. 



Thyroxine treatment increases total CL, but 

decreases L4CL% in Taz shRNA and WT mice 
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Male WT or Taz mice 4-5 mo of age; 0.1% T4 mixed in chow for 4 weeks (n = 6 / group) 
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Effect of T4 on mitochondrial PL composition  

Male WT or Taz mice 4-5 mo of age; 0.1% T4 mixed in chow for 4 weeks (n = 6 / group) 

0

10

20

30

40

50

60

70

80

90

16:0 18:0 18:1n9 18:1n7 18:2n6 20:4 22:6

%
 to

ta
l f

at
ty

 a
ci

ds

Cardiolipin
WT

WT+T4

TAZ

TAZ+T4

0

5

10

15

20

25

30

35

16:0 18:0 18:1n9 18:1n7 18:2n6 20:4 22:6

%
 to

ta
l f

at
ty

 a
ci

ds

Phosphatidylcholine
WT

WT+T4

TAZ

TAZ+T4

0

5

10

15

20

25

30

35

40

16:0 18:0 18:1n9 18:1n7 18:2n6 20:4 22:6

%
 t

o
ta

l f
at

ty
 a

ci
d

s

Phosphatidylethanolamine
WT

WT+T4

TAZ

TAZ+T4

T4 18:1n7, ~18:2n6 in CL 

  

T4 18:2n6 in PC, not CL or PE  

 

T4 22:6n3 in WT in all PLs,  

less/no effect in taz 

 



T4 treatment fails to restore mitochondrial 

respiratory function in Taz shRNA mice 
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Effect of HLSO and T4 on LV chamber size 

and contractile function 



• HLSO suppl. partially restores CL 18:2 content, but 

fails to improve mitochondrial  respiratory function 

• T4 tx partially restores total CL levels, but fails to 

improve mitochondrial respiratory function in Taz mice, 

despite having stimulatory effects in WT mice 

• Effect of HLSO+T4 on CL content/composition and 

mito respiration is pending, but tx augments cardiac 

dilatation and contractile dysfunction in Taz mice 

• What if we could restore L4CL to ‘normal’ levels 

without HLSO or T4 treatment? 

 

Summary 
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Sparagna et al. J Lipid Res, 2005 
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  OH 

“(HUFA)CL” 

HF 

CL remodeling parallels a 

progressive loss of linoleic acid  

and increase in arachidonic acid 

(20:4n6) and/or DHA (22:6n3) in 

the global myocardial 

phospholipid pool 

Cardiolipin accumulates long-chain PUFAs in 

cardiac overload, heart failure and senescence 
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Delta-6 Desaturase: central role in PUFA 

metabolism…and phospholipid composition? 

“ALA omega-3” 

Linoleic acid 

(“omega-6”) 



D6D inhibition normalizes phospholipid PUFA 

profile and restores L4CL in TAC and HF 

4 mo 

SHHF 

22 mo SHHF  

(eHF) 

22 mo SHHF                    

+ SC-26196 

CL Subspecies 

profile (LC/MS) 



D6D inhibition preserves respiratory efficiency, 

but fails to restore State 3 respiratory capacity  



64 

66 

68 

70 

72 

74 

76 

78 

80 

82 

84 

86 

SSL IF 

CL Linoleic acid (%)  

Con 

ConSC 

Old 

OldSC 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

IF SSL 

State 3 respiration 

D6D inhibition reverses loss of CL 18:2n6 in 

aged mouse hearts without significant changes 

in mitochondrial respiratory function 

4 mo and 24 mo old C57Bl/6 mice treated with the D6D inhibitor SC-26196 
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• 18:2n6 enrichment of cardiac CL is not a major 

regulator of mitochondrial respiratory (dys)function in 

the heart…at least not in aging/HF rodent models 

• Lack of T4 benefit suggests that augmenting CL 

biosynthesis/mito biogenesis may not rescue Taz-

deficient mito respiratory phenotype either 

• Perhaps the pathologic effects of Taz deficiency 

extend beyond alterations in CL content/composition 

• How exactly does Taz deficiency impair cardiac 

mitochondrial respiratory function? 

Conclusions 



Substrate specificity of respiratory dysfunction in 

Taz shRNA cardiac mitochondria 
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Respiratory chain dysfunction does not contribute 

significantly to OXPHOS impairment in Taz deficiency 
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Taz deficiency must impair mitochondrial membrane 

transport of pyruvate and fatty acids and/or otherwise 

limit their oxidation by TCA cycle enzymes 
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Metabolomic profile of Taz shRNA vs. WT hearts 
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Notable effects of B5/CoA deficiency 

• Impaired oxidation of glucose and fatty acids 

• Enhanced taurine excretion (in rats) 

• Growth failure and adrenal insufficiency 

• Impaired cholesterol biosynthesis/ hypocholesterolemia 

 leucine→3-methyglutaconyl-CoA →HMG-CoA 
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