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HDL-C increased 30%   LDL dropped 39% 

B Greg Brown  NEJM 2001;345:1583-92 



  The antioxidants negated the rise in 
beneficial HDL2 particles and Apo A1.  

Arterioscler Thromb Vasc Biol. 2001;21:1320 –1326. 
B Greg Brown  NEJM 2001;345:1583-92 
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Niacin Mechanism of Action 
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  Niacin’s effect on adipocyte lipolysis and fatty acid mobilization is widely 
recognized, physiologically and clinically this mechanism may only be 
minor and may not provide a full explanation of all lipid effects of 
niacin in humans.  

  In humans, evidence indicates that niacin subacutely causes a profound 
rebound in lipolysis, such that serum FFA levels are actually increased 
over 24 hours.  

•  This rebound in lipolysis and elevated FFA levels may in part mediate the insulin 
resistance induced by chronic niacin therapy.  

•  Decreased adipocyte lipolysis by niacin would theoretically increase adipose tissue 
TGs and could result in obesity. Clinically, niacin has not been reported to influence 
obesity.  

  Niacin-induced modulation of TG synthesis occurs during the acute 
decrease in FFA, but the rebound in FFA would reverse this.  

•  Moreover, there is no evidence that the longer term transport (flux rate) of 
nonesterified fatty acids is decreased after niacin treatment. 

Vaijinath S. Kamanna & Moti L. Kashyap  Am J Card 2007;100[suppl]:53M-61N 
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Lipolysis is catalyzed by hormone-sensitive lipase (HSL), which is activated by phosphorylation by 
protein kinase A (PKA) when activated by cAMP which in turn is produce by adenyl cyclase (AC),              
which is regulated by stimulatory or inhibitory G-proteins (Gs, Gi) linked to seven                                       

transmenbrane-domain G-protein-coupled receptors.  
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ANP 
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protein coating 
fat droplets, is 

also 
phosphorylated 
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is though to 
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conformation 
changes that 
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fat to HSL.  

Antilipolytic influences include α-adrenergic and HM74A (niacin receptor) activation (natural ligand ?). 
Insulin is the main anti-lipolytic signal in vivo, acting through phosphatidylinositol 3-kinase (P13K)            
and PKB to phosphorylate and activate phosphodiesterase-3B (PDE3B) which reduces                                    
cellular cAMP. Insulin also acts on GLUT4 to increase esterification of FA with                                                                         

glycerol 3-phosphate (Glyc3P) produced from glycolysis, 
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Data are mean ± SE of 3 separate experiments done in triplicate. 
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Hepatocyte 

Malik SW  & Kashyap M.  Curr Card Reports 2003:5:470-476 
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Hepatocyte 

Niacin in  a dose-
dependent manner inhibits 

the synthesis of FA and 
esterification to TG by 

20-40%, which increases 
apoB catabolism 

Fu-You Jin, Vaijinath S. Kamanna, Moti L. Kashyap  ATVB 1999;19:1051-1059 

MTP = Microsomal Triglyceride Transfer Protein 
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These studies support the hypothesis that therapy-associated changes in 
HL alter LDL density, which favorably influences CAD progression. 
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HL activity falls significantly in response to intensive 
lipid-lowering therapy with statin or  niacin. 
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Results of multiple linear regression analysis by best 
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  These very exciting data point out that possibly 
nicotinic acid may act as a ‘fraudulent fatty acid’.  

  Fraudulent fatty acids are fatty acid-like molecules 
not metabolized by mitochondria but activating the 
peroxisomal system, thus leading to metabolic 
consequences similar to those exerted by nicotinic 
acid.  

  In particular, among fraudulent fatty acids, nicotinic 
acid (or most likely nicotinoyl CoA, the major 
metabolite) is the only one activating all three 
peroxisomal isotypes as well as ABCA1. 

Sirtori CR, Galli C, Franceschini G. Eur J Clin Invest 1993;23:686–689. 



Watt MJ  et al. J Mol Endocrinol 2004;33:533–544. 

*

*
† 

† 

0 

PP
A

R
α 

m
R

N
A 

2 

4 

6 

8 

PP
A

R
δ 

m
R

N
A 

R
el

at
iv

e 
to

 C
O

N
 0

 m
in

) 

R
el

at
iv

e 
to

 C
O

N
 0

 m
in

) 
Exercise Exercise 

Pre Pre Post Post 
0 

2 

4 

1 

3 

CON 
Niacin 





Wang, MD et al. J Lipid Res. 2007;48:6 J Lipid Res. 2007;48:643-655  



Rubic T et al. Biochemical Pharmacology 67 (2004) 411–419 



ABCA1 

ABCG1, 
ABCG4 

LDL Ox-LDL 

CD36 SRA1 
SREBP-1c 

LXR 

ApoA-I 

ApoE 

Prebeta HDL or 
small alpha HDL 

ApoE 

alpha HDL 

LXR 
PPARα/β 

PPARγ 

PPARγ/LXR 

LXR/FXR 
FXR 

LDL 

Adapted from Circ Res 2004;95:660-670 

9-hydroxyoctadecanoic acid (9-HODE) 

ABC = ATP binding casette transporter                
ACAT1 = acyl cholesteryl acyl transferase                
NPC1 = Niemann-Pick Protein 1 (late endosomal) 
NPC2 = Niemann-Pick Protein 2 (lysosomal)                
SRA1 = Scavenger receptor A1                            
SREBP = Sterol regulating element binding protein                               
27-HC = 27 hydroxy-cholesterol                                   
UC Unesterified cholesterol 

Macrophage 

“Foam 
Cell” 



ABCA1 

ABCG1, 
ABCG4 

LDL Ox-LDL 

Prebeta HDL 

alpha HDL 

LDL 

Drawing adapted from Circ Res 2004;95:660-670 Rubic T et al. Biochemical Pharmacology 67 (2004) 411–419 



Rubic T et al. Biochemical Pharmacology 67 (2004) 411–419 

** ** 

* 
ABCA1 

200 
**P<0.01 

150 

100 

50 

0 

300 

250 

200 

150 

100 

50 

0 

CD36 

%
 o

f c
on

tr
ol

 (S
EM

) 

%
 o

f c
on

tr
ol

 (S
EM

) 

Niacin -     + -     + Niacin Control 

Mean fluorescence in MM6r cells 
stained for PPARγ after 

incubation under control 
conditions or presence of niacin 

Effects of niacin on CD 36 and 
ABCA1 transcription (levels of 
mRNA) in hu8man monocytes 



Rashid S. et al. Circulation 2003;107:3066-3072 

Reduced HDL lipolysis         
(removal of core TG, 

surface phospholipids   
and apoproteins) 

Niacin is 
associated with 
larger mature α-

HDL species 



Hepatic Sinusoid Hepatocyte 

CE 

CE 

ApoAI:β-chain 
ATP synthase 

The β-chain of ATP synthase, usually found in 
mitochondria is a high affinity receptor of apoAI 

on hepatocyte membranes. It mediates HDL 
particle endocytosis 

Kashyap M. Am J Card1998;82:42U-48U     Curr Opin Card 2004;19:366-373 



Hepatic Sinusoid Hepatocyte 

ApoAI:β-chain ATP synthase 
facilitates endocytosis and 

catabolism of the entire HDL particle 

CE 

CE 

CE 

CE 

Kashyap M. Am J Card1998;82:42U-48U     Curr Opin Card 2004;19:366-373 





Hepatic Sinusoid Hepatocyte 

CE 

CE 
Scavenger 

Receptors B1 

Hepatic Lipase remodeling of HDL is 
necessary to bind to SRB1 

Collet et al. J Lipid Res 1999;40:1185-93 



Hepatic Sinusoid Hepatocyte 

CE 

CE 

ApoAI:β-chain ATP synthase 

Kashyap M. Am J Card1998;82:42U-48U     Curr Opin Card 2004;19:366-373 





Vaijinath S. Kamanna & Moti L. Kashyap  Am J Card 2007;100[suppl]:53M-61N 



Vaijinath S. Kamanna & Moti L. Kashyap  Am J Card 2007;100[suppl]:53M-61N 



Grundy SM, et al. Arch Intern Med. 2002;162:1568-1576. 





-50 

-30 

-10 

10 

30 

50 

0 

20 

-20 

-40 

40 

-11* -9* 

-38+ 
-34~ 

11~ 

24* 

-49 
-42 

11 
5 

13 
7 

-47 
-42 

17 

6 Non HDL-C apoB 

HDL-C apoA-I 

Rosuvastatin 40 mg 

Rosuvastatin 10 mg + ER Niacin 2 gm 

ER Niacin 2 gm 

LS
 M

ea
n 

%
 c

ha
ng

e 
fr

om
 b

as
el

in
e 

24 weeks 

*p<0.00  
+p<0.01  
~p<0.017 

vs rosuvastatin 40 mg 

Capuzzi DM et al. Amer J Card 2003;91:1304-1310 

Rosuvastatin 40 mg + ER Niacin 1 gm 

Monotherapy was equal on HDL-C and apoA-I 

Rosuvastatin was better tolerated than either ER niacin or combination therapy 



McKenney JM et al. Atherosclerosis 2007;19:432-437 



McKenney JM et al. Atherosclerosis 2007;19:432-437 



Jelesof NE et al. Endocrine Practice  2006;12:159-164 



Jelesof NE, Ballantyne C et al. Endocrine Practice  2006;12:159-164 



Jelesof NE, Ballantyne C et al. Endocrine Practice  2006;12:159-164 

Total 
Cholesterol LDL-C Triglyceride 

HDL-C 

+2% 

-17% * 

-25% * 

-18% * 

-30 

-40 

-20 

-10 

0 

10 

M
ea

n 
Pe

rc
en

t C
ha

ng
e 

*p< 0.001 



Jelesof NE, Ballantyne C et al. Endocrine Practice  2006;12:159-164 

Total 
Cholesterol LDL-C Triglyceride 

HDL-C 

+2% 

-17% * 

-25% * 

-18% * 

-30 

-40 

-20 

-10 

0 

10 

M
ea

n 
Pe

rc
en

t C
ha

ng
e 

*p< 0.001 



Rakesh S. Birjmohun et al. J Am Coll Cardiol 2005;45:185–97 



Rakesh S. Birjmohun et al. J Am Coll Cardiol 2005;45:185–97 



Rakesh S. Birjmohun et al. J Am Coll Cardiol 2005;45:185–97 



Rakesh S. Birjmohun et al. J Am Coll Cardiol 2005;45:185–97 

 In summary, both fibrates and niacin provide a safe and 
effective way of increasing HDL-C, the latter being the most 
potent one.  

Whereas for both, particularly for fibrates, intervention data 
have emerged to show beneficial effects on CV outcome; 
their ability to enhance CV event reduction when added to 
statin monotherapy has been shown in small trials with 
niacin and may be shown with larger ongoing trials with 
fenofibrate. 





  Current evidence indicates that the niacin flush is 
mediated by the arachidonic acid metabolite 
prostaglandin D2. 

   Recently, it was also shown that skin Langerhans 
cells are the primary cell types responsible for the 
niacin-induced prostaglandin D2 release and 
flushing response 

  Thus, HM74A indirectly mediates niacin-induced 
flushing through production of prostaglandin D2 
and prostaglandin E2 by immune cells such as 
Langerhans cells and macrophages. 
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