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ABBREVIATIONS 
 

 

AA   arachidonic acid 

AM ester  acetooxymethyl ester 

APX   acipimox 

[Ca2+] i

COX-1   cyclooxygenase type 1 

   intracellular concentration of calcium 

COX-2   cyclooxygenase type 2 

COX-1-/-

COX-1 

  cyclooxygenase type 1 knockout 
+/-

DMSO   dimethyl sulphoxide 

  cyclooxygenase type 1 heterozygous 

DP receptor  receptor for prostaglandin D 

eNOS   endothelial cell NO synthase 

EPA    eicosapentaenoic acid 

EP receptor  receptor for prostaglandin E 

FFA    free fatty acids 

GLA   gamma-linolenic acid 

GPCRs  G-protein-coupled receptors 

GPR109A  G-protein-coupled receptors 109A  

HDL   high-density lipoprotein 

HMG-CoA reductase hydroxy-methylglutaryl-coenzyme A reductase 

HM74A  GPR109A receptor in humans 

HPCD   2-hydroxypropyl-β-cyklodextrin 

hPGDS  hematopoietic prostaglandin D synthases 

HZ   heterozygous 

IDL   intermediate-density lipoprotein 

i.p.   intraperitoneally 

IP receptor  receptor for prostaglandin I  

KO   knockout animal 

LD    laser Doppler 

LDF   laser Doppler flux 
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LDL   low-density lipoprotein 

Lp (a)   lipoprotein a 

lPGDS   lipocailin prostaglandin synthase 

NA   nicotinic acid 

NADPH  nicotinamide adenine dinucleotide phosphate 

NO   nitric oxide 

NOS   nitric oxide synthase 

NSAIDs  non-steroid anti-inflammatory drugs 

MHC class II   major histocompatibility complex -positive cells class II 

PBS   phosphate buffer solution 

PCR   polymerase chain reaction 

PGD2   prostaglandin D

PGFS   prostaglandin F synthase 
2 

PGE2/E4  prostaglandin E2/E4

PGH

  

2   prostaglandin H2

PGI

    

2   prostaglandin I

PLA
2 

2   phospholipase A

PUMA-G  protein upregulated in macrophages by interferon-γ 

2 

PUMA-G+/-

PUMA-G

  PUMA-G heterozygous 
-/-

RT-PCR  reverse transcription – polymerase chain reaction 

  PUMA-G knockout 

s.c.   subcutaneously 

TxA2   tromboxane A

TxS   thomboxane synthase 
2 

VLDL   very low-density lipoprotein 

WT   wild type 
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1. INTRODUCTION 
 

 

Nicotinic acid also called niacin belongs to lipid-lowering drugs. The use of nicotinic 

acid as an antihyperlipidemia drug has been accompanied by unpleasant side effects and 

this rises to noncompliance by patients.   

That is one of the reasons, why the scientists try to find out the nicotinic acid pathway 

of acting on the molecular level. By this way, that is possible to understand the 

mechanism of side effects and to determine ways for exclusion or reduction of them. 

Wise, Tunaru and Soga are three scientists that recently identified the receptor for 

nicotinic acid. They described that as a G-protein-coupled receptor GPR109A, for 

human termed HM74A, for mouse termed PUMA-G. 

We have observed the PUMA-G receptor in wild type and knock out mice to confirm 

that PUMA-G is the right receptor for nicotinic acid. We have done experiments with 

nicotinic acid itself and its derivative, acipimox, and we have observed similarities in 

the flushing response between nicotinic acid and its derivative.  

The other aim of our research was the explanation of the mechanism of flushing.  Some 

previous studies have shown that levels of prostaglandins are increased during the 

nicotinic acid induced flushing response. Keep in mind that, we investigated the 

cyclooxygenase-1 knockout mice and prostaglandin receptor-deficient animals in the 

vasodilation response to nicotinic acid. We have to found out that only some of 

prostaglandins are involved in the flushing response in mice. 

We have tried to find out the receptor for nicotinic acid in the skin and in other tissues 

by using the methods from the field of histology and cell biology. Our hypothesis was 

pointed at the dendritic cells in the skin and at the macrophages which both are the cells 

involved in the immune reactions in the organism. 
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2 THEORY 
 

2.1 Hyperlipidemia and its pharmacotherapy  
 

When hyperlipidemia is defined in terms of a class or classes of elevated lipoproteins in 

the blood, the term hyperlipoproteinemia is used. Hypercholesterolemia is the term 

for high cholesterol levels in the blood. Hypertriglyceridemia refers to the high 

triglyceride levels in the blood. 

 

2.1.1 What does hyperlipidemia mean?  
 

“Lipid” is the scientific term for fat in the blood. At proper levels, lipids perform 

important functions in our body. They provide energy and represent build blocks for 

some tissues and hormones (http://www.mdadvice.com/library). They can cause health 

problems if they are present in excess. The term hyperlipidemia means an elevation of 

lipids (fats) in the bloodstream. Hyperlipidemia includes several conditions, but usually 

cholesterol, cholesterol esters and triglyceride levels are higher than normal levels 

(http://www.americanheart.org). Hyperlipidemia can be caused by genetics, lifestyle, or 

a combination of both (http://www.stronghealth.com). All ages are affected but the most 

common occurrence is at adult population, at both men and women. Different types 

appear at different ages. The blood contains a variety of lipids joined to blood proteins, 

forming lipoproteins (http://www.mdadvice.com/library). There are the five major 

families of plasma lipoproteins: chylomicrons – they carry triglycerides from the 

intestines to the liver and to the adipose tissue, very low-density lipoproteins (VLDL), 

intermediate-density lipoproteins (IDL), low-density lipoproteins (LDL) and high-

density lipoproteins (HDL), (http://www. americanheart.org). HDL – often called “good 

cholesterol” – picks up excess cholesterol in the blood and carries that back to the liver, 

where it is broken down and removed from the body. LDL carries cholesterol and 

deposits it in body tissues to be used for cell repair or for energy. LDL is often called 

http://www.mdadvice.com/library�
http://www.americanheart.org/�
http://www.stronghealth.com/�
http://www.mdadvice.com/library�
http://www.americanheart.org/�
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“bad cholesterol”. The high levels of LDL circulating in the blood may increase the risk 

of heart disease. VLDLs carry (newly synthesized) triglyceride from the liver to adipose 

tissue. High levels of VLDL in the blood may indicate that there are many triglycerides 

in the body, which is associated with heart diseases and low levels of HDL 

(http://www.stronghealth.com). Lipoproteins include cholesterol and triglycerides. The 

LDLs deposit onto artery walls, causing atherosclerosis. The HDL is protective, by 

helping to prevent deposit of LDL (http://www.mdadvice.com/library). 

High lipid levels can speed up a process of atherosclerosis, or hardening of the arteries. 

The arteries are normally smooth and unobstructed on the inside, but as human ages, a 

sticky substance known as plaque forms in the walls of the arteries. Plaque is composed 

of lipids and other materials circulating in the blood. As more plaque builds up, the 

arteries can narrow and stiffen. Eventually, enough plaque builds up to reduce blood 

flow through the arteries (http://www.vascularweb.org). 

Atherosclerosis increases the risk of heart disease, stroke, and other vascular diseases. 

Another possible complication could be acute pancreatitis. Fortunately, patient may be 

able to reduce high lipid levels and, therefore, prevent or slow the progression of 

atherosclerosis. Lifestyle changes like exercising and eating a healthy diet can lower 

lipid levels and are often the first step in the treatment. 

 

2.1.2 Types of hyperlipidemia 
 

Hyperlipidemia can be classified like hyperlipoproteinemia type I, II, III, IV, V and 

secondary hypertriglycerigemia and familiar lecithin cholesterol acyltransferase 

deficiency (http://www.merck.com). Another classification can distinguish between 

primary and secondary hyperlipidemia. Hypercholesterolemia is a relevant risk factor 

with regard to the development of atherosclerosis diseases. Inadequate response to the 

dietary therapy may require the administration of lipid-lowering drugs (Lorenzen A. et 

al., 2001). 

 

 

http://www.stronghealth.com/�
http://www.mdadvice.com/library�
http://www.vascularweb.org/�
http://www.merck.com/�
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2.1.3 Pharmacotherapy of hyperlipidemia 
 

For some patients, an altered diet may be sufficient for the treatment. The others may 

require medications to reduce blood lipids (http://www.mdadvice.com/library).  

Pharmacotherapy of hyperlipidemia starts after inner disorder of metabolism of lipids. 

For instance, the normal level of triglycerides is considered about 1,7 mmol/l. The level 

2,3 mmol/l is classified as an increased and the level up to 4,5 mmol/l is considered to 

be high (http://www.vascularweb.org). 

The treatment depends on the lipid levels, the heart disease risk factors, and the patients´ 

general health. As the first step, physicians may recommend the lifestyle changes in the 

diet and exercise habits called therapeutic lifestyle changes. This therapeutic lifestyle 

changes can lower total cholesterol by 10 up to 20 percent in some people 

(http://www.vascularweb.org).  

The main groups of lipid-lowering medications include: Statins, fibrates, bile acid 

sequestrants, nicotinic acid and its derivatives. 

 

2.1.3.1 Statins 

  
Scientifically, statins are called HMG-CoA reductase inhibitors. Statins are the class of 

drugs that lowers the level of cholesterol in the blood by reducing the production of 

cholesterol. They block the enzyme in the liver that is responsible for making 

cholesterol. This enzyme is called hydroxy-methylglutaryl-coenzyme A reductase, 

HMG-CoA reductase for short (http://www.medicinenet.com/statins/article.htm), and it 

is the main regulating enzyme in the cholesterol-synthesis.   

Statins are the most commonly prescribed lipid-lowering agents. They are generally 

effective, are supported by favorable outcome studies and have relatively few adverse 

effects. The most common adverse effects of the statins are gastrointestinal 

disturbances, headache, myalgias and rash. 

Recent studies have helped to establish practice standards for treating patients with 

http://www.mdadvice.com/library�
http://www.vascularweb.org/�
http://www.medicinenet.com/statins/article.htm�
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elevated LDL levels to reduce the risk of coronary heart diseases. Even patients who 

have had a myocardial infarction but maintain normal total and LDL cholesterol levels 

have decreased morbidity and mortality from recurrent myocardial infarction and stroke 

when treated with statins. The currently available statins are atorvastatin, fluvastatin, 

lovastatin, pravastatin and simvastatin (http://www.vascularweb.org).  

 

2.1.3.2 Fibrates = Fibric Acid Derivatives  
 

The cholesterol-lowering drugs called fibrates are primarily effective in lowering 

triglycerides and, to a lesser extent, in increasing HDL-cholesterol levels. This class of 

drugs includes clofibrate, gemfibrozil bezafibrate, ciprofibrate and fenofibrate (Safeer 

R.S., Lacivita C. L., 2000; Lincová D., Farghali H., 2002). Fibrates lower blood 

triglyceride levels by reducing the liver's production of VLDL (the triglyceride-carrying 

particle that circulates in the blood) and by speeding up the removal of triglycerides 

from the blood. Fibrates are also modestly effective in increasing blood HDL 

cholesterol levels. However, fibrates are not effective in lowering LDL cholesterol 

(http://www.medicinenet.com/fibrates). Fibrates should not be administered to patients 

with severe hepatic or renal dysfunction.  

Fibrates are generally well tolerated by most patients. Gastrointestinal intolerance 

(abdominal pain, nausea, vomiting, diarrhea, constipation, dyspepsia) is the most 

common adverse effect associated with fibrate therapy. Neuromuscular (headache, 

dizziness, vertigo) and dermatology-reactions have also been reported to occur with this 

drug-administration. Monotherapy with a fibrate is rarely associated with myalgias or 

rhabdomyolysis. The incidence of myalgias and rhabdomyolysis is increased with 

concomitant use of statin (e.g., gemfibrozil and lovastatin). For this reason, thoughtful 

consideration should precede prescribing these two drug classes together (Safeer R.S., 

Lacivita C.L., 2000). 
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2.1.3.3 Bile acid sequestrants 
 
 

The bile acid sequestrants block reabsorption of the bile, the digestive liquid that allows 

fats to be absorbed by the body (http://www.stronghealth.com). They prevent the body 

from reabsorbing the cholesterol in the bile (http://www.vascularweb.org). 

Cholestyramine and colestipol are the two bile acid sequestrants currently available and 

used in the treatment of hypercholesterolemia. These agents lower LDL and lightly raise 

HDL. Rarely, cholestyramine and colestipol increase serum triglyceride values. 

Maximal therapeutic effect is evident after one month of therapy. 

Bile acid sequestrants are seldom used as initial therapy because success is often limited 

by poor patient tolerance. Gastrointestinal disturbances are common and include 

constipation, nausea, indigestion, bloating, diarrhea and flatulence. Gradually increasing 

the dosage, along with the increasing fluid intake and taking stool softeners, helps to 

minimize the side effects.  

Bile acid sequestrants interfere with intestinal absorption of various vitamins and 

minerals (e.g., vitamins A, D, E, K, folic acid, magnesium, iron, zinc). Bile acid 

sequestrants also decrease the absorption of numerous medications, including 

levothyroxine, penicillin, propranolol, thiazide diuretics and digoxin (Safeer R.S., 

Lacivita C.L., 2000). 

 

 

2.1.3.4 Nicotinic acid (niacin, vitamin B5) and its derivatives 
 

Niacin is the oldest lipid-lowering agent that has been proved to decrease cardiovascular 

morbidity and total mortality. It reduces serum triglyceride, total cholesterol and LDL 

cholesterol values. It also has the beneficial effect of the raising HDL levels (Safeer 

R.S., Lacivita C.L., 2000). Nicotinic acid is not used as an antihyperlipidemia drug in 

the Czech Republic (Lincová D., Farghali H., 2001). 

 

 

http://www.stronghealth.com/�
http://www.vascularweb.org/�
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 Figure 1: Structures of the hypolipidemic agent - nicotinic acid and acipimox. 

 

Nicotinic acid plus resins (bile acid sequestrants) is an additive or super-additive 

combination because these agents act at different steps in the same pathway. Nicotinic 

acid decreases production of VLDL while the resins enhances the clearance of LDL. In 

addition, the nicotinic acid blocks the increase in VLDL seen with the resins alone  

(http://lysine. pharm . utah.edu/). 

 

 

2.1.3.5 Estrogens 
 

Estrogens are also considered to be protective factors in hyperlipidemia. While 

estrogens are present in both men and women, they are found in women in significantly 

higher quantities.  

 

 

 

 

 

 

 

 

 

Nicotinic acid 
(pyridine-3-carboxylic acid) 

               Acipimox  
(5-methylpyrazine-2-carboxylic acid-4-oxide) 
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Figure 2: The pathway of cholesterol synthesis  

(http://en.wikipedia.org/wiki/Image:HMG-CoA_reductase_pathway.png) 
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2.1.4 Nicotinic Acid 
 

The higher levels of lipids in blood can be decreased by nicotinic acid. The indications 

of nicotinic acid treatment are: Hypertriglyceridemias types IV and V, and 

hyperlipoproteinemia types II and III. Niacin is the drug of choice for patients with 

VLDL or combined elevations of blood lipids (http://lysine.pharm.utah.edu/). That is 

the only drug that primarily lowers concentrations of non-esterified fatty acids and 

thereby lowers VLDL, triglycerides (Karpe F., Frayn K.N., 2004). Among other 

antihypolipidemia agents, nicotinic acid seems unique because of its potential to 

increase high-density lipoprotein cholesterol to a greater extent than other drugs 

(Kwiterovich P.O.Jr, 1998). The use of the HDL-elevating drug nicotinic acid in the 

treatment of dyslipidemias is limited by the frequent induction of skin flushing and 

other adverse reactions. 

Precautions and contraindications in the treatment with NA are severe peptic diseases or 

liver dysfunction and goat. The liver functions should be monitored, and if 

hepatotoxicity occurs, the drug should be discontinued. Some drug interactions can 

appear with the co-administration of nicotinic acid and antihypertensives because of 

niacin’s vasodilator effect may cause dizziness and syncope  

(http://lysine.pharm.utah.edu/). 

 

 

2.1.4.1 Nicotinic acid effect on the lipid metabolism 
 

Nicotinic acid acts as a vitamin of the group B and the lipid-lowering drug. The 

Canadian pathologist Rudolf Altschul discovered 50 years ago that nicotinic acid in 

gram doses lowered plasma levels of cholesterol. It lowers the levels of all atherogenic 

lipoproteins: VLDL and LDL with subclasses as well as Lp(a) and in addition it raises 

more than any other drug the levels of the protective HDL lipoproteins.  

The trials have shown that treatment with nicotinic acid reduces progression of 

atherosclerosis, and clinical events and mortality from coronary heart disease. The new 

combination treatment with statin-lowering LDL and nicotinic acid-raising HDL is 

reviewed. A basic effect of nicotinic acid is the inhibition of fat-mobilizing lipolysis in 

http://lysine.pharm.utah.edu/�
http://lysine.pharm.utah.edu/�
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adipose tissue leading to a lowering of plasma free fatty acids, which has many 

metabolic implications (Carlson L.A., 2005). It lowers the VLDL levels and thereby the 

free LDL levels circulating in the blood stream. Nicotinic acid treatment rises to a 

desirable normalization of a range of cardiovascular risk factors and a reduction of 

mortality (Wise A., 2003). 

In comparison to nicotinic acid, nicotinamide has no effect on lipid metabolism. 

Nicotinic acid was the most potent agent. The carboxyl group of nicotinic acid is 

essential for its stimulatory activity (Lorenzen et al., 2001). 

 

2.1.4.2 Mechanism of action of nicotinic acid 
 

Nicotinic acid and related heterocyclic compounds (acipimox, acifran) inhibit lipolysis 

in adipose tissue (Aktories K. et al., 1980b, Wise A. et al., 2003). This action of 

nicotinic acid and analogs involves a decrease in cellular cAMP levels by inhibition of 

adipocyte adenylyl cyclase and stimulation of a high-affinity GTPase in fat cell 

membranes (Aktories K. et al., 1980a, 1982). The hypolipidemia effects of nicotinic 

acid involve adenylyl cyclase inhibition via a pertussis toxin-sensitive G-protein 

membrane-bound receptor (Lorenzen et al., 2001). To identify the Gi

2.1.4.3 Effects of nicotinic acid on glucose tolerance/insulin resistance 

-protein coupled 

receptor for nicotinic acid orphan receptors were selected based on their tissue 

expression profiles for the rational screening exercise by group of Alan Wise (Wise et 

al., 2003). 

 

 

 

Nicotinic acid can decrease the intravenous glucose tolerance. The explanation for this 

decrease is that nicotinic acid stimulates glucose output from the liver. This effect 

outweighs the stimulating effects of the drug on glucose utilization in extrahepatic tissue 

(Wahlberg G., Walldius G., Efendic S., 1992). Nicotinic acid seems to alleviate insulin 

resistance in the short-term whereas, paradoxically, the long-term effect is often the 

opposite one (Karpe F., Frayn K.N., 2004). 



Theory 

 - 13 - 

2.1.4.4 Side effects of nicotinic acid 
 

The most frequently observed side effect of nicotinic acid is the skin flushing. Among 

the others pertain pruritus, abdominal pain, nausea, vomiting, elevated liver enzyme 

levels, glucose intolerance, rare reversible acanthosis nigricans. Flushing may be 

ameliorated by low doses of cyclooxygenase inhibitors – drugs from the group of 

NSAIDs (Lorenzen A. et al., 2001; Safeer R.S., Lacivita C.L., 2000). 

 

2.1.4.5 Nicotinic acid and the extended-release niacin forms 
 

The extended-release form of niacin has the same beneficial lipid-altering effects as 

standard niacin. Although it is less effective than the statins in decreasing LDL levels, 

extended-release niacin can increase HDL values and decrease triglyceride levels, 

making it unique among the lipid-lowering agents. Until the recent introduction of the 

extended-release tablets, niacin therapy had been plagued by low compliance rates. A 

lot of patients treated with standard niacin discontinued it because of adverse effects, 

compared with patients taking extended-release tablets. Flushing is the most common 

side effect; other adverse effects include abdominal pain, nausea and vomiting. Patients 

who take extended-release niacin tend to have fewer adverse effects than those who use 

standard niacin preparations. Compared with regular niacin, the extended-release tablets 

have a similar or lesser effect on liver function tests. Caution is required for the 

administration of a statin concomitantly with extended-release niacin tablets because 

this combination is associated with an increased incidence of rhabdomyolysis. Niacin 

may promote glucose intolerance and should be used with caution in patients with 

diabetes mellitus. Niacin can also increase uric acid levels and precipitate a gout attack. 

Extended-release niacin tablets are less liable than regular niacin to have these effects 

on glucose and uric acid (Safeer R.S., Lacivita C.L., 2000). 
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2.2 Receptor GPR109A 
 

 

Receptor GPR109A pertains to the gene family of GPCR receptors. The G-protein-

coupled receptors can recognize small proteins responsible for the directed migration of 

specific cell types. 

 

2.2.1 Orphan G-protein coupled receptors 
 

 

The receptors that have no known ligand or function are called the orphan receptors. 

The completion of the human genome-sequencing project has identified approximately 

720 genes that belong to G-protein coupled receptor superfamily. The half of these 

genes is thought to encode sensory receptors. The natural ligand has been identified for 

210 receptors approximately and the leaving 150 so-called orphan G-protein coupled 

receptors are still waiting for the elucidation of their function or their ligand (Wise A., 

Jupe S.C., Rees S., 2004). The receptor termed GPR109A is also considered to be an 

orphan receptor. Just recently, it has been discovered to be involved in the metabolic 

effects of nicotinic acid. Nicotinic acid is a high affinity ligand, but the endogenous 

ligand is still unknown (Karpe F., Frayn K.N., 2004). 

 

 

2.2.2 Identification of nicotinic acid receptor 
 

 

In the year 2003, some groups from different laboratories published papers about 

identification of PUMA-G/HM74A as a receptor for nicotinic acid. The Japan scientists 

from the group of T.Soga have submitted the papers about the molecular identification 

of nicotinic acid receptor. Their pharmacological studies have demonstrated that 

nicotinic acid and its derivative, acipimox, effect by the activation of a Gi-protein 

coupled receptor on adipocytes  (Soga T. et al., 2003). The group of Alan Wise 



Theory 

 - 15 - 

describes in his papers the identification of human - HM74 as a low affinity receptor for 

nicotinic acid and the subsequent indication of HM74A as a high affinity receptor for 

nicotinic acid in the same year (Wise A. et al., 2003). The groups of Sorin Tunaru, from 

the Institute of Pharmacology in Heidelberg, published the papers about confirmation 

that PUMA-G and HM74 are receptors for nicotinic acid and mediate its antilipolytic 

effect (Tunaru S. et al., 2003).  

 

 

2.2.3 PUMA-G-deficient mice lineage 
 

 

By using the gene technology, the mice lacking some genes can be created. The mutants 

have structural change in the PUMA-G locus in the murine chromosome 5F, 

corresponding to the human chromosome 12. The scheme of wt locus and mutated locus 

is shown on the following figure. The knockouts of PUMA-G receptor are able to live 

without any problems. 

 

 
Figure 3: The generation of PUMA-G-deficient mice. The schematic map of the 

PUMA-G wild type (wt) locus, targeting vector, and the inactivated PUMA-G allele. 

Black box, open reading frame of PUMA-G gene; grey boxes, untranslated region; S = 

Spel; B = BamHI; translational start site; * stop codon; lacZ = ß-galactosidase 

expression casette; neoR = neomycin resistance gene casette; HSV-tk =herpesvirus-1 
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thymidine kinase expression casette; 5´= 5`flanking probe. The expected fragment sizes 

after the hybridisation with the 5`flanking probe (Spel digest of genomic DNA) are 

indicated (Tunaru S. et al., 2003). 

 

 

2.2.4 Variations in nicotinic acid - receptors 
 

 

The receptor GPR109A (human HM74A and murine PUMA-G) has a highly 

homologous variation, GPR109B (human HM74). Both, HM74 and HM74A, are the 

receptors for nicotinic acid (Zellner C., 2005). The G-protein coupled receptor HM74 is 

identified as a low affinity receptor for nicotinic acid and HM74A acts as a high affinity 

receptor for nicotinic acid and other compound with related pharmacology (Wise A.et 

al., 2003).  

The gene for PUMA-G codes the information for the protein with seven transmembrane 

helices, a feature commonly shared with the G-protein coupled receptor superfamily. 

The PUMA-G protein is the most similar to human HM74, 73%identity, (Schaub A., 

2001). 

 

 

2.2.5 Chromosome 12 
 

 

Coding area for human receptor HM74 or its alias HM74A is located in the 

chromosome 12. Chromosome 12 is one of the 23 pairs of chromosomes in humans. 

People normally have two copies of this chromosome. Chromosome 12 spans about 132 

million base pairs (the building material of DNA) and represents between 4 and 4.5 

percent of the total DNA in cells. (http://ghr.nlm.nih.gov/chromosome=12) 

 

Geneticists use diagrams called ideograms as a standard representation for 

chromosomes. Ideograms show a chromosome's relative size and its banding pattern. A 

http://ghr.nlm.nih.gov/chromosome=12�
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banding pattern is the characteristic pattern of dark and light bands that appears when a 

chromosome is stained with a chemical solution and then viewed under a microscope. 

These bands are used to describe the location of genes on each chromosome. 

(http://ghr.nlm.nih.gov/chromosome=12) 

 

 

 

Figure 4: The ideogram of the human chromosome 12 

 

The murine receptor PUMA-G- coding area is located in the murine chromosome 5F 

(Schaub A. et al., 2001). 

 

 

2.2.6 The location of PUMA-G receptor 
 

The effects of NA on macrophages, spleen and adipocytes are mediated via the PUMA-

G receptor in mice (Lorenzen A., Stannek C., Burmeister A., Kalvinsh I., Schwabw U., 

2002). PUMA-G (HM74A) receptor has been identified as a G-protein - coupled 

receptor that is frequently expressed in the adipose tissue and to which nicotinic acid is 

a high affinity ligand (Karpe F., Frayn K.N., 2004). The RT-PCR analysis detected 

highest HM74 expression in the spleen, followed by lymphocytes and adipose tissue. 

Heart, placenta, prostate, and bone marrow showed lower expression, and a little to no 

expression was detected in all other tissues examined (Wise A. et al, 2003). 
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2.3 Prostaglandins - chemical messengers 
 

 

Prostaglandins are the members of the lipid compounds and are known for their potent 

physiological properties. They belong to the subclass of lipids known as the eicosanoids 

because of their structural similarities to the C-20 polyunsaturated fatty acids, the 

eicosanoic acids. Prostaglandins vary somewhat, however, from one another based upon 

subtle differences in their chemical structures, some exhibiting, for instance, different 

side-chain substitutions than others. These small variations are believed to be 

responsible for the immense diversity of the effects characteristic of prostaglandins. In 

general, prostaglandins act in a manner similar to that of hormones, by stimulating 

target cells into action. However, they differ from hormones in that they act locally, 

near their site of synthesis, and they are metabolized very rapidly. Also, the same 

prostaglandins act differently in different tissues 

(http://micro.magnet.fsu.edu/micro/gallery/prostaglandin/prostaglandin.html). 

Prostaglandins, are like hormones in that they act as chemical messengers, but do not 

move to other sites, but work right within the cells where they are synthesized 

( www.elmhurst.eduhttp:// ). Although they are technically hormones, they are rarely 

classified as such (http://en.wikipedia.org/Prostaglandin

 

). 

 

2.3.1 History and name 
 

 

Prostaglandins were primarily discovered and isolated from human semen in the 1930s 

by Ulf von Euler of Sweden (http://www.elmhurst.edu). When prostaglandin was first 

isolated from the seminal fluid in 1936, it was believed to be a part of the secretions 

from the prostate gland (http://en.wikipedia.org/Prostaglandin). Thinking they had come 

from the prostate gland, they got the name prostaglandins. However, since than, it has 

since been determined that they exist and are synthesized in virtually every cell of the 

body (http://www.elmhurst.edu). 

The biochemists Sune K. Bergström, Bengt I. Samuelsson and John R. Vane jointly 

http://micro.magnet.fsu.edu/micro/gallery�
http://www.elmhurst.edu/�
http://en.wikipedia.or/�
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received the Nobel Prize in Physiology or Medicine for their research on prostaglandins 

in 1982 (http://en.wikipedia.org/Prostaglandin

 

). 

2.3.2 Structure of prostaglandins 
 

Prostaglandins are unsaturated carboxylic acids, consisting of a 20- carbon skeleton that 

also contains a five-member ring. They are biochemical synthesized from the fatty acid, 

arachidonic acid.  

There are a variety of structures one, two, or three double bonds. On the five-member 

ring there may also be double bonds, a ketone, or alcohol groups 

(http://www.elmhurst.edu

 

).   

 
 
 
 

 

Figure 5: Structure of prostaglandin E2 (http://en.wikipedia.org/wiki/Prostaglandin). 
 
 

2.3.3 Biosynthesis 
 

Prostaglandins are members of the group of lipids and they are derived from fatty acids. 

The prostaglandins together with the tromboxanes form the prostanoid class of fatty 

acid derivatives; the prostanoid class is a subclass of eicosanoids. Prostaglandins are 

found in virtually all tissues and organs. These lipid mediators act upon platelet, 

endothelium, uterine and mast cells, among others. They are synthesized in the cell from 

the essential fatty acids: from gamma-linolenic acid (GLA, an omega-6), arachidonic 

http://en.wikipedia.or/�
http://www.elmhurst.edu/�
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acid (AA, omega-6) and from eicosapentaenoic acid (EPA, omega-3), 

(http://en.wikipedia.org/wiki/Prostaglandin). 

 

 

 

 

 

 

 

 

Figure 6: Schema of the prostaglandin synthesis.  

 (http://www.spring8.or.jp/pdf/en/res_fro/00-01/016-017.pdf).   

 

An intermediate is created by phospholipase-A2, than passed into one of either the 

cyclooxygenase pathway or the lipoxygenase pathway to form either prostaglandin and 

thromboxane or leukotriene. The cyclooxygenase pathway produces tromboxane, 

prostacyklin and prostaglandin D, E and F. The lipoxygenase pathway is active in 

leukocytes and in macrophages and synthesis of leukotrienes. Prostaglandins are 

released through the prostaglandin transporter on the cell's plasma membrane. 
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Figure 7: Scheme of the prostaglandin synthesis by Wikipedia encyklopedia 

http://en.wikipedia.org/wiki/Image:Eicosanoid_synthesis.png 

 

 

There is known prostaglandin E synthase for prostaglandin E2. Prostaglandin (PG) E2 is 

generated from the action of prostaglandin E synthases on prostaglandin H2 (PGH2). 

Several prostaglandin E synthases have been identified. To date, microsomal 

prostaglandin E synthase-1 emerges as a key enzyme in the formation of PGE2. For 

other prostaglandins have been identified other terminal prostaglandin synthases that are 

responsible for the formation of other prostaglandins. For example, hematopoietic and 

lipocailin prostaglandin D synthases (hPGDS and lPGDS) are responsible for the 

formation of PGD2 from PGH2. Similarly, prostacyclin (PGI2) synthase (PGIS) 

converts PGH2 into PGI2. A thromboxane synthase (TxS) has also been identified. 

http://en.wikipedia.org/wiki/Image:Eicosanoid_synthesis.png�
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While there is the evidence that a prostaglandin F synthase (PGFS) may exist, the 

evidence remains controversial (http://en.wikipedia.org/wiki/Prostaglandin). 

 

 

2.3.4 Cyclooxygenases and NSAIDs 
 

 

Prostaglandins are produced following the sequential of AA, GLA or EPA by 

cyclooxygenases (COX-1 and COX-2) and terminal prostaglandin synthases. The 

classic dogma is that COX-1 is responsible for the baseline levels of prostaglandins, 

whereas COX-2 produces prostaglandins through the stimulation. However, while 

COX-1 and COX-2 are both located in the blood vessels, stomach and the kidneys, 

prostaglandin levels are induced by COX-2 in the scenarios of inflammation.  

In 1971, it was determined that aspirin-like drugs could inhibit the synthesis of 

prostaglandins (http://en.wikipedia.org/wiki/Prostaglandin). Prostaglandins induce 

inflammation, pain, and fever, what can be treated with aspirin. Aspirin and other non-

steroidal anti-inflammatory drugs block an enzyme called cyclooxygenase, COX-1 and 

COX-2, which is involved with the ring closure and addition of oxygen to arachidonic 

acid converting to prostaglandins. The acetyl group on aspirin is hydrolyzed and then 

bonded to the alcohol group of serine as an ester. This has the effect of blocking the 

channel in the enzyme and arachidonic acid cannot enter the active site of the enzyme 

(http://www.elmhurst.edu/%7Echm/vchembook/). Cyclooxygenase inhibotors may 

moderate the flushing reaction and the cyclooxygenase inhibitors do not prevent the 

lipid-lowering actions of nicotinic acid (Kaiser L., Eklund B., Olsson A.G., Carlson 

L.A., 1979). 

 

The synthesis of prostaglandins is blocked when COX-1 is inhibited or blocked at all. 

This block of PD synthesis can turn in relives some of the effects of pain and fever 

(http://www.elmhurst.edu). That means NSAIDs inhibit cyclooxygenase and reduce 

prostaglandin synthesis. Corticosteroids inhibit phospholipase A2 production by 

boosting production of lipocortin, an inhibitor protein. Relatively new drugs, known as 

http://www.elmhurst.edu/~chm/vchembook/�
http://www.elmhurst.edu/�
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COX-2 selective inhibitors or coxibs, are used as the specific inhibitors of COX-2 

(Coxibs). The development of these drugs allowed the circumvention of the negative 

gastrointestinal effects while effectively reducing inflammation. However, recently, it 

has been shown that both NSAIDs and Coxibs can raise the risk of myocardial 

infarction, when taken on a chronic basis for at least 18 months. One emerging 

hypothesis that may explain these cardiovascular effects is that coxibs create an 

imbalance in circulating TxA2 and PGI2 levels. An increased in the ratio of TxA2/PGI2 

could lead to increased platelet aggregation and disregulation of platelet homeostatis 

(http://en.wikipedia.org/wiki/Prostaglandin

 

). 

2.3.5 Function of prostaglandins 
 

Prostaglandins ligate a subfamily of cell surface seven transmembrane receptors: G-

protein-coupled receptors. These receptors are termed DP1-2, EP1-4, FP, IP, and TP, 

corresponding to the receptor that ligates the corresponding prostaglandin (e.g., DP1-2 

receptors bind to PGD2). Prostaglandins thus act on a variety of cells such vascular 

smooth muscle cells causing constriction or dilation, on platelets causing aggregation or 

disaggregation and on spinal neurons causing pain. Prostaglandins have a wide variety 

of actions, including, but not limited to the muscular constriction and mediate 

inflammation. Other effects include calcium movement, hormone regulation and cell 

growth control. Thromboxane is created in platelets and causes vascular constriction 

and platelet aggregation. Prostacyclin comes from cells in the blood vessel walls and is 

antagonistic to thromboxane. 

Prostaglandins are potent but have a short half-life before being inactivated and 

excreted. Therefore, they exert only a paracrine (locally active) or autocrine (acting on 

the same cell from which it is synthesized) function 

(http://en.wikipedia.org/wiki/Prostaglandin). 
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2.3.6 Prostaglandins and the mechanism of flushing 
 

The therapeutic effects of NA are attributed to the inhibition of the lipolysis in adipose 

tissue via the G-protein-coupled receptor, whereas the mechanism of the flush induction 

by release of prostaglandins from macrofages is not understood. (Lorenzen A., Stannek 

C., Burmeister A., Kalvinsh I., Schwabw U., 2002).  

 

 

2.4 General information about eNOS 
 

 

Nitric oxide (NO) is an inorganic, gaseous free radical that carries a variety of messages 

between the cells. Vasorelaxation, neurotransmission and cytotoxicity can all be 

potentiated through cellular response to NO. NO-production is mediated from members 

of the nitric oxide synthase (NOS) family. NOS catalyzes the oxidization of L-arginine 

to produce L-citrulline and NO. Two constitutive isoforms, brain or neuronal NOS 

(bNOS or nNOS, type I) and endothelial cell NOS (eNOS, type III), and one inducible 

isoform (iNOS, type II), have been cloned. All NOS isoforms contain calmodulin, 

nicotinamide adenine dinucleotide phosphate (NADPH), flavin adenine dinucleotide, 

and flavin mononucleotide binding domains. 

 

eNOS synthesizes NO in vascular endothelial cells where it appears to play an 

important role in the control of vasotension and platelet aggregation. eNOS and bNOS 

share ~50% sequence homology, and their activity depends on binding to the 

calcium/calmodulin complex. Both constitutive isoforms respond immediately to 

increased levels of calcium to produce low levels of NO over a short period of time 

(http://en.wikipedia.org/). 
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2.5 Fluorescence 
 

Fluorescence is an aluminiscence in which a molecule absorbs a high-energy photon, 

and re-emits it as a lower-energy (longer-wavelength) photon. The energy difference 

between the absorbed and emitted photons ends up as molecular vibrations (heat). 

Usually the absorbed photon is in the ultraviolet, and the emitted light (luminescence) is 

in the visible range (http://en.wikipedia.org/wiki/Fluorescent). 

The processes that lead, from the absorption of excitation light by a fluorochrome, to the 

emission of fluorescence can be illustrated by energy diagrams named after the polish 

physicist Alexander Jablonski. A Jablonski diagram depicts the various electronic 

energy levels of a fluorochrome molecule. Many fluorochromes have aromatic ring 

structures. Such molecules possess delocalized electrons in π-orbitals. Electrons in π- 

orbitals interact readily with the environment. Through absorption of a photon such an 

electron can be boosted into a higher orbital. Electrons in π-orbitals usually have anti-

parallel spin. When absorbing a photon of the right wavelength, the electrons reach the 

excited states. This is a very fast process, developing within 10-15

 

 

s. The energy of the 

fluorescence photon is always lower than the energy of the absorbed excitation photon. 

Therefore, the wavelength of fluorescence light is always longer than that of the 

excitation light - Stokes shift (International Helmholtz Research School on Biophysics 

& Soft Matter).  

2.5.1 Fluorescence Microscopy 
 

This method took a high flight in the modern life sciences, as it can be extremely 

sensitive, with even detection of single molecules possible. Many different fluorescent 

dyes or indicators can be used to stain different structures or chemical compounds. 

Since fluorescence emission differs in wavelength (color) from the excitation light, a 

fluorescent image ideally only shows the structure of interest that was labeled with the 
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fluorescent dye. This high specificity leads to the widespread use of fluorescence light 

microscopy in biomedical research. To block the excitation light from reaching the 

observed or the detector, filter sets of high quality are needed. These typically consist of 

an excitation filter selecting the range of excitation wavelengths, a dichroic mirror, and 

an emission filter blocking the excitation light. Most fluorescence microscopes are 

operated in the Epi-illumination mode (illumination and detection from one side of the 

sample) to further decrease the amount of excitation light entering the detector. 

(http://en.wikipedia.org/wiki/Fluorescent). 

 

2.5.2 Fluorescence microscope 
 

Fluorescence microscopes have two light sources: one lamp for looking at the specimen 

in normal, transmitted light, and a second lamp supplies intense light for fluorescence 

excitation (epifluorescence illumination). To select the appropriate wavelength for 

excitation, the excitation filter is inserted into the light path. This filter permits 

transmission of light only within a narrow bandwidth, usually about 10 nm.  The 

excitation light is guided to a dichroic mirror within the microscope, which reflects it 

toward the cell. Dichroic mirrors reflect the light below a critical wavelength and 

transmit longer-wavelength light. The right choice of the mirror is one that reflects the 

excitation light while transmitting the fluorescence light. Fluorescence coming from the 

cell thus passes the mirror and reaches the eyepiece of the microscope. An emission 

filter takes out stray light, so that the eye receives only the fluorescence (International 

Helmholtz Research School on Biophysics & Soft Matter). 
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2.6 Calcium signaling 
 

 

2.6.1 Intracellular calcium 
 

Calcium plays a pivotal role in the signal transduction and other cellular processes. 

Even minute changes in intracellular Ca2+ levels can have a major impact on the cellular 

activities. Ca2+ is the universal signal transduction element in cells modulating cell 

growth and differentiation. The calcium levels outside cells are 10 000 times higher than 

free Ca2+.  The level of free calcium is regulated and maintained as low (approximately 

100 nM) through the action of a number of binding proteins and ion exchange 

mechanisms. Extracellular Ca2+ enters the cell trough various types of plasma-

membrane Ca2+

 

 channels (Korkiamäki T., 2002). 

2.6.2 Measuring of intracellular calcium with fura-2 
 

Changes of intracellular calcium levels can be analyzed with the use of ion-selective 

indicators, whose light emission reflects the local concentration of the ion. Some of 

these indicators are luminescent (emitting light spontaneously), while others are 

fluorescent (emitting light on exposure to light). Fluorescent Ca2+ indicators have been 

synthesized that bind Ca2+ tightly and are excited at slightly wavelengths when they are 

free of Ca2+ than when in their Ca2+-bound form. By measuring the ratio of the 

fluorescent intensity at two excitations wavelengths, the concentration ratio of the Ca2+-

bound indicator to the Ca2+-free indicator can be determined. This method provides an 

accurate measurement of the free Ca2+ concentration. The indicator of this type, fura-2, 

is widely used for the monitoring of changes in intracellular Ca2+ concentrations in the 

different parts of cell viewed in the fluorescent microscope (Korkiamäki T., 2002). The 

measurement of Ca2+ levels with fluorescent probes is one of the most sensitive 

techniques known. The method is based on the premise that these compounds display 

shifts in their excitation or emission spectra upon calcium binding (Zimanski H.,et al., 

1993). 
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2.6.3 FURA-2 fluorescent calcium probe 
 

In 1980, Roger Tsien introduced a new generation of Ca2+ chelators that have 

backbones similar to EGTA and are capable of chelating Ca2+

 

 with high affinity and 

specificity. Molecules contain aromatic rings that interact electronically and sterically 

with the chelating backbone resulting in changes in their absorption and fluorescence 

properties upon calcium binding (Tsien R.Y., 1989). The esteres derivatives of 

indicators and chelators can be used for better results in the fluorescence microscopy. 

The acetooxymethyl (AM) ester derivatives of fluorescent indicators make up the most 

useful groups of compounds for study of live cells. The modification of acid groups 

with AM ester groups results in an uncharged molecule that can permeate cell 

membranes (Molecular Probes product information, 2005). Fura-2 can be also esterified 

with acetooxymethyl groups to form a membrane-permanent derivate. This ester, fura-

2-AM can be hydrolysed by cytoplasmic esterases to regenerate and trap the dye in 

cytosol (Korkiamäki T., 2002).  

The types of spectral changes that occur vary depending on the indicator used. It may be 

a shift in the absorbance spectra to a shorter wavelength with little change in the 

emission spectra (e.g., FURA-2). In general, the intensity of the fluorescent signal is 

dependent on the concentration of both the indicator and the ion. The maximal optical 

response occurs near the dissociation constant of the indicator (Minta A., et al., 1989). 

The dissociation constant of FURA-2 is 0,14 µM (Molecular Probes product 

information, 2005). 
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2.7 Dendritic (Langerhans) Cells 
 

 

Dendritic cells are immune cells. They belong to the group of highly specialized 

antigen-presenting cells located in the skin, mucosa, and lymphoid tissues.  This type of 

cells plays a key role in the body's immune response. They are able to interact with the 

lymphocytes (http://www.mattek. com/pages /products/ dendritic_cells). The dendritic 

cells are involved in the induction phase of contact allergenicity, and it is likely that 

these cells can be used to develop in vitro assays for contact sensitization and other 

immunological reactions of the body (Ayehunie, S, 2004). Dendritic cells were 

discovered from R.M.Steinman and Z.A.Cohn in 1973. The first discovered cells were 

Langerhans cells, located primarily in the skin. The subtypes of dendritic cells are 

defined based on their location, having similar morphology but varying function 

(http://en.wikipedia.org/wiki/Dendritic _cell; DeMeyer E.S., Baar J., web sites).  

 

These dendritic cells, the bone marrow derived cells, are part of the macrophage-

monocyte system and they are located in the epidermis.  Langerhans cells play an 

important role in antigen presentation.  They are characterized by a unique cytoplasmic 

organelle known as the Birbeck granule.  In the dermis, there are also dendritic cells 

suggested to have antigen presentation capabilities, however they lack Birbeck granules 

(Gawkrodger D.J., 1997). 

 

Dendritic cells, together with macrophages, activated T cells, and B cells, are included 

to the group of MHC class II positive cells, all of which are professional antigen-

presenting cells. The major histocompatibility complex (MHC) is a large gene family 

playing an important role in the immune system, autoimmunity, and reproductive 

success. The best-known genes in the MHC region are the subset that encodes cell-

surface antigen-presenting proteins. In human, these genes are referred to as human 

leukocyte antigen (HLA) genes.  In humans, the MHC is divided into three regions: 

Class I, II, and III (http://en.wikipedia.org/wiki/Dendritic _cell). MHC is responsible for 

the immune system ability to distinguish self from non-self (DeMeyer E.S., Baar J., web 

sites). 

http://en.wikipedia.org/wiki/Dendritic�
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2.7.1 The features of Langerhans cells 
 

 

The location of dendritic cells is mainly in the skin, mucosa, and the lymphoid tissues 

(Funnell R., Goustin Laboratory, Wayne State University). In all parts of the epidermis, 

but more in the upper spinosum layer, are dendritic cells described in 1868. These cells 

have a dark nucleus and pale, or clear cytoplasm. The dendritic or stellate, shapes are 

revealed from the gold impregnation stains. The cell has no desmosomes attaching it to 

neighboring cells, no tonofilament bundles and no melanosomes. However, it contains 

smooth vesicles, multivesicular bodies, lysosomes but most characteristic is the Birbeck 

granules, also called Langerhans granules and vermiform granules. These cells 

participate in the cutaneous immune response and migrate from the skin to lymph 

nodes. They possess surface receptors common to macrophages and function as antigen 

presenting cells to T- or B-lymphocytes. Langerhans cell serves to fix and process 

cutaneous antigens (Funnell R., Goustin Laboratory, Wayne State University ).  

 

 

2.7.2 Skin and dendritic cells 
 

The skin has a prominent role in our innate immunity. The skin houses many 

immunological cells and is involved in several hypersensitivity reactions. 

Immunological cells that are located in the skin are: Langerhans cells, lymphocytes of 

the type T and B, mast cells; there are also keranocytes (Gawkrodger D.J.,1997). The 

skin has several layers. It is composed of the epidermis and the dermis. Bellow these 

layers, the hypodermis lies, which is not usually classified as a layer of the skin 

(http://en.wikipedia.org/wiki/Skin).  
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2.8 LacZ staining  
 
 

LacZ staining is very useful and often mentioned method in the histology and 

histochemistry. The bacterial beta-galactosidase gene lacZ is frequently used as a 

reporter gene. The expression of transgenic constructs can be monitored by 

histochemistry with the chromogenic substrate X-gal. This allows precise cellular 

localization of gene activity. Usually there is no background staining detectable in 

mammary tissue. Beta-galactosidase activity can be assayed in small pieces of tissue - 

whole tissue or on sections, both cryosections and paraffin-embedded tissue sections. 

LacZ gene from E. coli is the most commonly used reporter gene system in 

histochemistry. LacZ expression results in the production of beta-galactosidase (beta-

gal). This can be readily detected by a number of chromogenic or fluorogenic beta-gal 

substrates. In most instances, it is desirable to localize transgenic cells within tissue 

samples by a staining process. For this purpose beta-gal substrates that produce 

insoluble precipitates such as indoxyl substrates are best suited. X-gal or 5-bromo-4-

chloroindoxyl-beta-D-galactopyranoside is generally the substrate of choice for lacZ 

staining. The insoluble precipitates result from oxidative dimerization of X-chromogen 

released by the enzyme to yield colloidal indigo dye  (http://www.biosynth.com). 

 

 

2.9 RT-PCR 
 

 

The polymerase chain reaction is regarded asthe one of the most used methods in the 

molecular biology. That is difficult to think of molecular biology without it. It is an in 

vitro procedure for enzymatically synthesizing defined sequences of DNA.  

For the amplifying of desirable sequences of DNA, specific PCR components are 

required: a DNA polymerase (Taq polymerase obtained from Thermophilus aquaticus), 

a primer pair to get the DNA polymerase started, the four nucleotides (dNTPs), a 

template DNA and certain chemicals including magnesium chloride (as a cofactor for 

Taq polymerase). 

http://www.biosynth.com/�
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There are three important steps in a cycle of the PCR: denaturation (the separation of 

the strands at 95°C), annealing of the primer to the template at 40°C-60°C, and 

elongation at 72°C (the synthesis of the new strands). The annealing temperature 

depends on the used primers. One cycle takes less than two minutes, and can be 

repeated 20 – 40 times to get enough of the amplified segment 

(http://en.wikipedia.org/wiki/PCR). 

RNA cannot serve as a template for the PCR, so first, it must be reverse transcribed into 

cDNA. The cDNA can serve as a template for PCR. Combining reverse transcription 

(RT) and PCR into the RT-PCR technique brought the benefits of PCR to analysis of 

RNA.  

RT-PCR can be performed as either a two-step or a one-step procedure. The one-step 

procedure takes place in one tube and both cDNA synthesis and PCR amplification are 

performed with the same buffer and site-specific primers, eliminating the need to open 

the reaction tube between the RT and PCR steps. In the two-steps procedure, the first- 

strand cDNA is performed under the optimal conditions (reverse transcriptase) and then 

the RT reaction is transferred to another tube for PCR. The other possibility for two-step 

procedure is use of only one tube with adding of the different buffers for RT and PCR 

reaction (Roche Molecular Biochemicals, PCR Applications Manual, 2nd

 

 edition).     
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3 MATERIALS AND METHODS 
 

3.1 Materials 
 

3.1.1  Experimental animals 
 

Experiments were carried out with wild type and genetically altered adult mice of body 

weight 20-30 g. Wild type (WT) animals were obtained from Charles Rivers 

Laboratories (Sulzfeld, Germany) while COX-1-/-

 

 and prostanoid receptor-deficient 

mice were from Ingvar Bjarnason (Department of Medicine, Guy’s King’s, St. Thomas’ 

School of Medicine, London, U.K.) and from Takayuki Maruyama (Ono 

Pharmaceutical Co. Ltd., Osaka, Japan). When testing KO animals, wild type and/or 

littermates served as controls. Mice were housed in temperature-controlled facilities on 

a 12 hours light-dark cycle with ad libitum food and water access. All experimental 

procedures were performed in accordance with institutional guidelines of the University 

of Heidelberg, Germany (§8 of the German law for animal welfare). 

3.1.2 Material 
 

Adhesive strips PF (Perimed AB, Stockholm, Sweden) 

Adhesive tape (Tesa, Ge) 

Beakers 50 ml, 200 ml, 1000 ml (Brand, Wertheim, Ge) 

Columns 100 ml, 500 ml, 1000 ml (Brand, Wertheim, Ge) 

Cover glass 12 mm diameter (Invitrogen GmBH, Karlsruhe, Ge) 

Cover slips (R. Langenbrick, Teningen, Ge) 

Falcon tubes 15 ml, 50 ml (Becton Dickinson Labware, USA) 

Microscope slides approx 76x26mm pre-cleaned (R. Langenbrick, Teningen, Ge) 

Microscope slides SuperFrost plus (R. Langenbrick, Teningen, Ge) 

Micro tubes 1,5 ml, 2 ml (Sarstedt, Nümbrecht, Ge) 
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Pasteur pipette - transparent polyethylene (Carl Roth GmbH+Co.KG, Karlsruhe, Ge) 

Parafilm, laboratory film (American National Can, Chicago, USA) 

Pipette tips: white 0,1-10 µl, yellow 1-200 µl, blue 200-1000,µl  (Sarstedt, Nümbrecht, 

Ge) 

Plastic sterile tubes 158 ml, 50 ml (Sarstedt, Nümbrecht, Ge) 

Powder-free latex gloves (Glovex ultratex, BSN Medical, Hamburg,Ge) 

Sterile needle 0,4 x 19 Nr.20 gray (Becton Dickinson Labware, USA) 

Sterile syringe Luer 1 ml, 2 ml, 10 ml (Becton Dickinson Labware, USA) 

 

3.1.3 Instruments 
 

Balances (Scaltec Instruments Heiligenstadt,Ge) 

Camera SensiCam CCD (PCO AG, Kelheim, Ge) 

Connecting MP100 system of Biopac Inc. (Goleta, Ca, USA) 

Contact thermometer (IKAMAC® RTC, Ge) 

Controlled heating pad (TKM-0902, Föhr Medical Instruments, Seeheim/OB, Ge) 

Mastercycler (Eppendorf, Hamburg, Ge) 

Micropipettes Pipeman, P1000, P200, P100, P20, P10, P5000 (Gilson, France) 

Microscope Zeiss Axiovert135 (Zeiss, Göttingen, Ge) 

Miniature LD probe holder PH 07-5, No.407 (Perimed AB, Stockholm, Sweden)  

PC equipment with AcqKnowledge 3.7.5. software of Biopac (Goleta, Ca, USA) 

PeriFlux 5001 LD monitor (Perimed AB, Stockholm, Sweden) 

pH-meter (Schott CG842, Schott, Hofheim, Ge) 

Rat-tail B.P. monitor (Harward Apparatus, USA) 

Shaker GLW L46 (Geselschaft für Laborbedarf mbH, Würzburg, Ge) 

TILLvisION software version 4.00 (TILL Photonics) 

 

3.1.4 Chemicals 
 

Acipimox (Olbetam cps., Pfizer, Ge) 

Agarose (AppliChem, Darmstadt, Ge) 
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Antibodies anti-mouse CD86 (BD Biosciences-Pharmingen, Philadelphia, USA) 

Antibodies anti-MHC class II IA/IE (BD Biosciences-Pharmingen, 

Antibodies anti-MHC class II haplotype 1a (Miltenyi Biotec GmBH, Bergish Gladbach,  

Ge) 

Aqua ad injectabilia (B.Braun, Melsungen, Ge) 

ATP = Adenosintrisphosphate (Sigma-Aldrich Chemie, Steinheim, Ge) 

Calcium dirochloride (Sigma-Aldrich Chemie, Steinheim, Ge) 

Chromium potassium sulphate (Sigma-Aldrich Chemie, Steinheim, Ge) 

D(+)-Glucose (E. Merck KGaA, Darmstadt, Ge) 

Diethylether (Zentralbereich Neuenheimerr Feld, Heidelberg, Ge) 

DMSO = dimethyl sulphoxide (Sigma-Aldrich Chemie, Steinheim, Ge) 

Dnase (Sigma-Aldrich Chemie, Steinheim, Ge) 

EDTA, Ethylenediaminetetraacetic acid (Sigma-Aldrich Chemie, Steinheim, Ge) 

Eosin (AppliChem, Darmstadt, Ge) 

EGTA, Ethylene glycol-bis(2-aminoethylether)-N,N,N´,N´-tetraacetic acid (Sigma-

Aldrich Chemie, Steinheim,Ge) 

Ethanol 70%, 100% (Zentralbereich Neuenheimerr Feld, Heidelberg, Ge) 

FCS = Fetuin from FCS, lyophilized powder (Sigma-Aldrich Chemie, Steinheim,Ge) 

First Strand cDNA Synthesis Kit for RT-PCR (Roche Molecular System, Inc., 

California) 

FURA-2 AM (Molecular Probes,Inc., Eugene, Oregon, USA) 

Gelatine (E. Merck KGaA, Darmstadt, Ge) 

Gentamicin sulphate (Roche Molecular System, Inc., California) 

Glucose (Sigma-Aldrich Chemie, Steinheim,Ge) 

Glutaraldehyde 25% (E. Merck KGaA, Darmstadt, Ge) 

HBSS = Hanks´ balanced salt solution (Invitrogen Corp., USA) 

Hydrochloride acid (Zentralbereich Neuenheimerr Feld, Heidelberg, Ge) 

Isotone Natriumchlorid solution 0,9% (B.Braun, Melsungen, Ge) 

L-Glutamine (Roche Molecular System, Inc., California) 

Lympholyte Mammal CL5115 (Cedarlane Laboratories Ltd., USA) 

Magnesium chloride (E. Merck KGaA, Darmstadt, Ge) 

M-MuLV Reverse Transcriptase (Roche Molecular System, Inc., California) 
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Na-deoxycholate (Roche Molecular System, Inc., California) 

Natrium hydroxide (Zentralbereich Neuenheimerr Feld, Heidelberg, Ge) 

Natrium dihydrogenphosphate salts (E. Merck KGaA, Darmstadt, Ge) 

NP-40, Nonidet P-40 (Sigma-Aldrich Chemie, Steinheim,Ge) 

Nicotinic acid (Sigma-Aldrich Chemie, Steinheim,Ge) 

O.C.T.TM

PCR core Kit (Roche Molecular System, Inc., California) 

 Compound, Tissue-Tek (Sakura Finetek Europe B.V., Zoeterwonde, NL)  

Pentoparbital (Narcoren, Merial GmbH, Hallbergmoos, Ge) 

Pluronic -F (Molecular Probes,Inc., Eugene, Oregon, USA) 

Potassium hexacyanoferrate(II)trihydrate (E. Merck KGaA, Darmstadt, Ge) 

Potassium hexacyanoferrate(III) purum (Sigma-Aldrich Chemie, Steinheim,Ge) 

Prostaglandin D2

Prostaglandin E

 (Cayman Chemical Co.  Ann Arbor, MI,USA) 

2

Prostaglandin I

 (Cayman Chemical Co.  Ann Arbor, MI, USA) 

2

RPMI-1640 medium (Sigma-Aldrich Chemie, Steinheim,Ge) 

 (Cayman Chemical Co.  Ann Arbor, MI, USA) 

Specific primers (Roche Molecular System, Inc., California) 

Sucrose (Sigma-Aldrich Chemie, Steinheim,Ge) 

Trizol reagent (Invitrogen Corp., USA) 

Trypsin porcine pancreas powder, 1.000-1.500 BAEE units/mg solid (Sigma-Aldrich 

Chemie, Steinheim,Ge) 

X-Gal (AppliChem, Darmstadt, Ge) 

 

3.2 Methods 
 

3.2.1 Measurement of the flushing responds 
   

For the in vivo experiments, we anesthetized adult mice by intraperitoneally injection of 

pentobarbital 60 mg/kg (Narcoren, Merial GmbH, Hallbergmoos, Germany). They were 

placed on their left side on a controlled heating pad (TKM-0902, Föhr Medical 

Instruments, Seeheim/OB, Germany) in order to maintain the rectal temperature 

between 35.5°C and 37.5°C. The mice having their body temperature lower than 35,5°C 
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or higher than 37,5°C were not used for our experiments. The experiment was stopped 

than or the outputs from such an experiment were not included into the statistical 

analyses. Using adhesive strip and a PH 07-5 miniholder, the small straight LD probe 

(No. 407, Perimed AB, Stockholm, Sweden) was attached to the dorsal surface of the 

right ear over the first order branch of the ear artery. LD flux was continuously recorded 

by a PeriFlux 5001 LD monitor (Perimed) connected to a PC via the MP100 system of 

Biopac Inc. (Goleta, CA, USA).  

After 10 min stabilization period a compound was injected intraperitoneally. Nicotinic 

acid and acipimox were applied in the dose of 200 µg/g body weight in a volume 20 

µl/g.  

The doses of PGD2, PGE2 and PGI2

Recordings were analyzed offline with the AcoKnowledge 3.7.5 software of Biopac. 

 were 2 µg/g in a volume of 4 µl/g. None of the 

vehicles induced any change of the ear blood flow, systemic blood pressure or heart rate 

in control experiments (data not shown).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: In vivo experiment- measuring of flushing response  
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3.2.2 Evaluation of the flushing response and statistical analysis 
 

 In all experiments baseline LDF was determined prior to injection of the tested 

compound. Nicotinic acid and acipimox induced biphasic flush and therefore the 

maximal LDF values of the first and the second flushing were determined and expressed 

as percentage of the baseline flow. Similarly, the maximal LDF value during the 

monophasic flush induced by prostaglandins was expressed as percentage of the 

baseline. All data are presented as mean ± SEM, n indicates the number of experimental 

animals. If one compound was tested several times in one animal, the results obtained 

were averaged. We have kept at least one week pause for recovery between two 

experiments with the same animal. Statistical analysis of differences between two 

groups was performed by Student’s unpaired t-test.  A value of p<0.05 was considered 

significant. 

 

 

 
 

Figure 9: The whole recording - experiment LD0506133. Measuring of the blood flow 

(the first line), the amount of the red blood cells (the second line), of the rectal 

temperature of the animal (the third line), the heart pulsation (the fourth line) and the 
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blood pressure (the fifth line).  

Tested compounds: Two injections of PGI2

 

 2mg/kg i.p. and one injection of nicotinic 

acid 200mg/kg i.p. 

 
 
Figure 10: Detailed LD flow (blood flow) recording of the experiment LD0506133. 

 

 

 

Figure 11: The adjusted graph of the Laser Doppler flux (LDF) signal, used for 

presentation.      

 

3.2.3 Bone marrow transplantation 
 
 
Bone marrow was obtained aseptically from femurs and tibias of wild type or     

PUMA-G-/- mice after killing the animals by cervical dislocation. Unfractionated bone 

marrow cells (amount of 5x106
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) were resuspended in sterile 1xPBS and transplanted by 
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the tail-vein infusion into lethally irradiated (10 Gy) PUMA-G-/-

Animals with transplanted bone morrow were examined by in vivo trials. We 

transplanted PUMA-G

 recipients one day after 

the irradiation. Eight to twelve weeks later, successful engraftment was confirmed by 

PCR amplification of blood DNA using allele-specific probes. These procedures have 

been done by my consultant Dr.Benyó Zoltán.  

+/+ bone morrow or PUMA-G-/- bone morrow into the PUMA-G-/- 

animals. These PUMA-G-/- 

 

transplanted mice were injected with NA and the flushing 

reaction was observed. 

3.2.4 Isolation of cells 
 

3.2.4.1 Protocol for isolation of the epidermal cells 
 

For the isolation of epidermal cells from the mouse ear tissue, we used solutions that we 

had prepared before. The solutions that we need are: 1xPBS, 70% EtOH, Trypsin 

solution, EC-stop solution and RPMI plus solution. 

 

Trypsin solution:  

  

1 x PBS (without Mg + Ca) 

0,5% (w/v) trypsin 

5 mM EDTA (M = 292,24) 

For 50 ml mix 49,5 ml 1 x PBS, 0,5 ml 5 mM EDTA and add 250 mg trypsin powder. 

Vortex the solution in order to mix well. 

 

EC-stop – solution:  

  

1 x PBS (without Mg + Ca) 

0,1% Dnase 

20% FCS 



Materials and methods 
 

 - 41 - 

For preparing of EC-stop solution in volume 50 ml mix 10 g FCS (powder) and      

39,05 ml 1x PBS and 0,05 ml Dnase. Mix it well by shaking. 

 

RPMI plus medium: 

 

RPMI - 1640 medium 

20 µg/ml gentamicin 

10% FCS 

2% L-glutamin 

Prepare desirable volume of the solution. 

 

Continue according the protocol in following steps:  

1) Cut out the ears from mouse and wash them in 70% EtOH for 5 min on ice by 

shaking (you can use 15 ml falcon tube). 

2) In Petri dish: Wash the ears in 1xPBS and split the ear into the dermal and the 

ventral part by using the forceps. 

3) Take out the subcutaneous fat and wash out the debris of the fat tissue with 1xPBS. 

4) The dicker half of the ears put into the trypsin solution and incubate them in the 

oven by 37°C for 60 min. 

5) Stop the enzyme reaction with adding of EC-stop – solution (2 ml EC-stop – 

solution for 3 ml trypsin solution). 

6) Divide epidermis from dermis with forceps (better to do it under the 

stereomicroscope). Discard the dermis (you do not need that any more). The 

epidermal tissue that you need is very thin layer. 

7) Put the epidermis into the 50 ml falcon tube and shake the tube in your hand or by 

vortexing. The tissue disrupts. 

8)   Use the cell sieve for getting the epidermal cells and wash them in 1xPBS. 

9)   Centrifuge them and make a cell suspension in RPMI plus medium. 

 

The cells were magnetically sorted using MHC II (haplotype 1a) antibody and coupled 

to magnetic beads. Dendritic cells were stained with FITC anti-mouse CD86 and PE 

anti-MHC class II. After that the cells were sorted using a FACS Vantage flow 
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cytometer.  Reanalysis of the sorted cells showed 74% of them to be CD86+/MHC class 

II +

 

. We thanks a lot to Manuel Scheuermann for help with FACS sorting. 

3.2.4.2 Isolation of peritoneal macrophages and peripheral monocytes 
 

 

The peritoneal macrophages are taken out from living animals in order to obtain living 

cells with maintained activity. Mouse was anesthetised by diethylether (diethylether 

vapour) and than the peritoneal cavity of mouse was lavaged with 5ml RPMI cell 

medium. The macrophages were acquired by injection into the peritoneal cavity and 

harvested into the 10 ml syringe. This suspension of macrophages can be collected and 

put in storage in 15 ml falcon tube on ice before use. The expression of PUMA-G 

receptor in the peritoneal macrophages was checked by RT-PCR. The peritoneal 

macrophages were also used in calcium measurement in order to see whether these 

macrophages are able to respond to nicotinic acid vie PUMA-G receptors. For this 

calcium measurement were examined peritoneal macrophages from both, PUMA-G -/- 

and PUMA-G +/+

 

 mice. 

The peripheral monocytes were isolated from whole blood by gradient centrifugation 

using Lympholyte Mammal CL5115.  

 

3.2.5 Measurement of intracellular Ca
 

2+ 

Peritoneal macrophages from PUMA-G KO and WT animals were used for calcium 

measurement. The preparation step before the measurement was labelling of the cells 

with FURA-2 AM ester. 

 

3.2.5.1 Procedure of labelling cells with FURA-2 AM ester 
 

In general, the most of the cells can be loaded by incubation with solutions of the cell-

permeable AM esters (for instance FURA-2). Nonspecific esterases present in the cells 
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hydrolyze the AM esters to formaldehyde and acetic acid, liberating the Ca2+

 

-sensitive 

indicator. 

Solutions you need for the procedure of labelling the cells with FURA-2 AM ester: 

 

The original solution RPMI 1640 +200mM L-Glutamine 

Medium for cells:  

     + 10% FCS 

     + 20 µg/ml gentamicin 

Prepare desirable volume of this medium for living cells. 

 

Important: keep the solution from the light (cover the tube with aluminium foil)! 

Loading 3µlM FURA-2 solution:   

Mix 300 µl 1M FURA-2 AM and 300 µl Pluronic® - F (for better solubilisation) and 

fill buffer HBSS to 10 ml of final volume. 

 

Add 5 mM glucose and 2.5 mM calcium dichloride (CaCl

HBSS (Hanks´ balanced salt solution) modified buffer: 

2

Label cells with FURA-2 according to the following protocol: 

) to the needed volume of the 

HBSS buffer. 

 

 Prepare viable cells in suspension (see the protocol for isolation of peritoneal 

macrophages) and drop 0,5-1,0 ml onto the glass covers (12 mm diameter) in the 

wells of the tissue culture plate. Allow the cells to adhere. 

 Incubate for 1 hour at 37°C.  

 Wash twice in the HBSS modified buffer to remove non-adherent cells and wash 

once in the cell medium.  

 For adherent cells rinse off the medium and replace with the FURA-2 loading 

solution, the adding volume is 0,5-1,0 ml. Leave incubating for another 60 

minutes at room temperature. Important: Do not move with the plate. 

 Wash the cells twice with HBSS buffer and then incubate for a further 30 

minutes to allow complete de-esterification of intracellular AM esters. 
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 Wash it in the cell medium. Add fresh 0,5-1,0 ml of cell medium on the covers 

and keep them in the dark at room temperature until used for calcium 

measurement (within 1hour). 

 

3.2.5.2 Calcium measurement 
 

Solutions for Ca2+

 

 measurement: 

Mix 5,55 mg ATP powder and 10 ml HBSS buffer. 

1 mM ATP solution 

Mix 12,3 mg nicotinic acid powder with 10 ml HBSS buffer. 

10 mM NA solution 

 

 Macrophages were allowed to adhere to 12-mm-diameter glass covers and 

loaded with Fura-2-AM (3µlM) for 60 min at room temperature. The non-

adherent cells were removed by washing with Hanks´ balanced salt solution 

containing 2,5 mM Ca2+

 The covers was placed in the metal O-ring to position the covers just above. The 

covers, fasten in the metal O-ring, were then placed under the microscope.  

 and 5 mM glucose (see the protocol for labelling the 

cells with FURA-2 AM ester).  

 The cells were treated with the solutions of 1 mM ATP and 10 mM NA solution. 

At first, NA solution was loaded on the cover slip and the fluorescent signals 

were observed. The second loading solution was 1mM ATP solution applied on 

the same cover slip. The ATP solution was used as a control for us – to find out 

whether the cells are still living. 

 The largest dynamic range for Ca2+

 

-dependent fluorescence signals is gained by 

using excitation at 340 nm and 380 nm and emission wavelength of 510 nm. 

Ratiometric calcium signals were recorded using Zeiss Axiovert135 microscope, 

a Sensicam CCD camera and TILLvisION software. 
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3.2.6 Preparation of slides for cryosections 
 

The gelatine-covered slides or microscope slides SuperFrost plus can be used for 

cryosections made with the cryotom. For our histology experiments, we used gelatine-

covered slides. 

 

 Prepare solution of 0,3% gelatine and 0,55% chromium potassium sulfat in       1 

litre of distilled water. 

             For 1 litre you need:  gelatine     3,0 g  

    chromium potassium sulfate 5,5 g 

    distilled water  in   1000,0 g  

 

Heat up the solution to 50°C (due to gelatine) and wait until gelatine is 

dissolved, vortex the solution. When the gelatine is dissolved filter the hot 

solution through cotton towel. Leave it to cold down in the cold room (4 °C). 

This solution can be put in storage in the cold room for several weeks (2-4 

weeks).  

Procedure of preparing the solution: 

 Work in the cold room (4°C) from this step. Take the slides and rinse them out 

in the cuvette filled with 95% EtOH, for 5 min. One cuvette is for 20 slides. 

 Put the slides into the cuvette with gelatine solution for 5 min. There must not be 

bubbles on the slides. 

 Put them to another empty cuvette and leave them to dry ON in the cold room 

(4°C) or in the fridge (4°C -8°C). 

 

The tissue for cutting on cryotom were embedded into O.C.T.TM

 

 Compound (Tissue-

Tek). The tissue-Tek binds the tissue to the specimen block and surrounds and covers 

the tissue specimen.  
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3.2.7 Lac-Z staining protocol 
 

We have tried two different ways of Lac-Z staining (Procedure A and Procedure B). 

The first method we have established pointed in the staining of the whole tissue. 

Following step is embedding into the paraffin blocks and cutting the sections with the 

microtom. The second way of the Lac-Z staining represents staining of the cryosections 

prepared before. 

The general protocol and the solutions are identical for both methods. 

 

You can put 20 slides into one cuvette.  

For one cuvette you need this amount of solutions:   

1 x 200 ml fix solution  

3 x 200 ml washing solution  

1 x 200 ml staining solution (X-Gal is expensive – be most possibly economical!) 

All three solutions are based on PBS 0,1M pH 7,3 + 5mM EGTA + 2mM MgCl2 (for 

one litre of PBS use: 1,908 g EGTA and 406,6 mg MgCl2

Prepare sufficient amount of this solutions in the beginning.  

).  

 

3.2.7.1 Preparation of solutions: 
 

Solution A: 0,2M   NaH

PBS 0,1M pH 7,3: 

2PO4 (27,6 g NaH2PO4 .H2

Solution B: 0,2M   NaH

O/l) 

2PO4 (53,65 g NaH2PO4.7 H2

23 ml A + 77 ml B + 100 ml H

O/l) 

2

 

O     →     200 ml PBS 0,1M pH 7,3 

PBS 0,1M pH 7,3  

Fix solution (keep in dark and cold / 4°C):  

+ 5mM EGTA  (M = 380,35) 

+ 2mM MgCl2  

+ 0,2% glutaraldehyd 

(M = 95,21) 

Mix 200 ml PBS 0,1M pH 7,3 + 5mM EGTA + 2mM MgCl2 and 1,6 ml 25% 

glutaraldehyd. 
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 PBS 0,1M pH 7,3  

Washing solution: 

+ 5mM EGTA  

+ 2mM MgCl

+0,01% Na-deoxycholate 
2 

+0,02% NP-40 

Mix PBS 0,1M pH 7,3 + 5mM EGTA + 2mM MgCl2 and 0,8 ml 10%Na-deoxycholate 

and 0,16 ml NP-40. 

 

PBS 0,1M pH 7,3  

Staining solution:  

+ 5mM EGTA  

+ 2mM MgCl

+0,01% Na-deoxycholate 
2 

+0,02% NP-40 

+10mM K3[Fe(CN)6

+10mM K

]  (M=329,25 g/Mol) 

4[Fe(CN) 6

+0,5 mg/ml X-Gal (hard to dissolve, before adding prepare a solution in a small 

volume) 

]  (M=422,4 g/Mol) 

 

 

3.2.7.2 Procedure A (tissue staining before cutting the paraffin blocks) 
 

1. Take out the tissue (the mouse ears in our case). 

2. Rinse it in the ice-cold PBS 0,1M pH 7,3 (whole procedure can be placed in the     

15 ml falcon tube). 

3. Keep in the ice-cold PBS 0,1M pH 7,3 + 5mM EGTA + 2mM MgCl2 for 10 min 

at least. 

4. Fixation for 30 min by RT. 

5. Washing 3 x 15 – 30 min on the ice. 

6. Staining for 4-24 hours by 37°C (better results are with ON staining). 

7. Rinse the tissue 3 x 10 min in PBS 0,1M pH 7,3. 
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8. Keep the tissue in 70% EtOH in the cold room / 4°C (not longer than one week) 

or continue immediately with embedding into paraffin blocks (see the protocol)  

9. Cut the sections with the microtom (12 µm widht).  

10. Make the procedure of de-paraffinisation (incubating in 65°C for 20 minutes, 

than follow washing steps: 3x in xylol 10 minutes, 2x in 100% EtOH for 2 

minutes, 1x in 96% EtOH for 2 minutes, 1x in 80% EtOH, 1x in 70% EtOH for 

2 minutes, 3x 5 min in PBS 0,1M pH 7,3. 

11. Cover with pertex or continue in eosing staining (see the protocol). 

12. Than the microscope analysis follows (magnification 5x, 10x, 20x, 40x). 

 

3.2.7.3 Procedure B (staining of the cryotom sections) 
 

1. Take out the tissue (if it is possible perfuse the animal before taking out the 

organs). 

2. Wash it shortly in PBS 0,1M pH 7,3  

3. Fix the tissue in 0,2% paraformaldehyde ON 4°C. 

4. Cryoprotection: Put the tissue for 24 hours into the protection-solution (30% 

sucrose in PBS 0,1 M pH 7,3).  

5. Cover the tissue with O.C.T.TM

6. Cut the tissue with the cryotom (12 µm width), put it on the gelatine-covered 

slides (prepared at least one day before). 

 Compound and freeze it /-80°C. You can keep 

the tissue for a long time in –80°C. 

7. Fix the slides in the fix solution for 5 min by RT, in a cuvette. 

8. Washing 3 x 5 min on the ice. 

9. LacZ staining for 4-24 hours by 37°C (better results are with ON incubation). 

10. Rinse the slides 3 x 5 min in PBS 0,1M pH 7,3. 

11. Cover with pertex or continue with eosin staining (see the protocol). 

12. Than the microscope analysis follows (magnification 5x, 10x, 20x, 40x). 
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3.2.7.4 Eosin staining 
 

Eosin staining can be done for better visualisation of the background, this eosin staining 

does not interfere with Lay-Z staining. 

After washing in PBS 0,1M pH 7,3 put the slices into the eosin solution for 1-3 minutes. 

Than wash shortly in water and continue in washing in: 70% EtOH for 1 minute, two 

minutes washing in 80% EtOH, 96% EtOH, 100% EtOH,  two times washing in xylol 

for 5 minutes. 

After you finish in washing, cover the slides with pertex.   

 

 

3.2.8 RT-PCR 
 

Reverse transcription – polymerase chain reaction represents the short RT-PCR. 

Because RNA cannot serve as a template for PCR procedure we need to transcribe it to 

the cDNA first (with the use of reverse transcriptase). We performed two-steps 

procedure with two reaction-tubes. 

 

 

RNA isolation: 

RNA was isolated by using Trizol Reagent (Invitrogen Corp.). 

 

Reverse trancription (cDNA synthesis):  

11 µl RNA + water (cca 50ng to 1 µg of total RNA) 

0,5  µl RNA inhibitor 

0,5  µl RQ1 Dnase 

---------------------------- 

12  µl 

Incubate 15 min at 37°C. 

Incubate 10 min at 70°C and cool down to room temperature. 
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8 µl the first strand buffer 

Add: 

4  µl dNTP 

2 µl random hexamer primers 

2  µl M-MuLV (reverse transcriptase) 

12 µl water (Aqua braun) 

--------------------------------------------------- 

40 µl 

Incubate 2 hours at 37°C. 

Incubate 5 min at 90°C. 

Store on ice. 

Use 3 µl for PCR. 

 

cDNA synthesis was monitored by PCR of a 401-bp fragment of glyceraldehydes 3-

phosphate dehydrogenase (GAPDH).   

 

 

 

PCR procedure: 

10xPCR buffer 2,5  µl 

MgCl2

dNTPs   0,5  µl 

   1,5  µl 

Taq poly  0,25  µl 

Water   18,25  µl  

------------------------------------------- 

22 µl  total mix 

+ 2  µl cDNA of PUMA-G fragment (size 560-bp) 

+ 1  µl Primer-Mix  

(sGTGTAGCAGCTTCAGCATCTGT, asGAGATGTGGAAGCCAGATAAGG) 
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Insert into the cycler, switch on the program: 

95°C  5 min 

95°C  1 min 

58°C  1 min (annealing temperature for primers) 

72°C  1 min 

_________________________  38 cycles 

72°C  10 min 

4°C  hold 

Load the PCR reaction on the 1% agarose gel, 100-120 mV, and make photos.  
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4 RESULTS 
 

4.1 Nicotinic acid and acipimox 
 

 

From the previous experiments (summarized in my diploma thesis) with nicotinic acid 

and acipimox we know that these compounds induce cutaneous vasodilation in the 

mouse ear. Both nicotinic acid and acipimox increase the blood flow in two peaks. 

Mean baseline LDF represents 100% on the vertical scale in the recoding in all 

experiments. These trials were considered as crucial ones for our project.  

 
Figure 12: Laser Doppler flux (LDF) signal in the ear artery in the WT animal, 

nicotinic acid (NA) was injected i.p. in the dose of 200 mg/kg at the time point 

indicated by arrow. 

 

 
Figure 13: Laser Doppler flux (LDF) signal in the ear artery in the WT animal, 

acipimox (APX) was injected i.p. in the dose of 200 mg/kg at the time point indicated 

by arrow. 
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Graph 1: Quantitative analysis of the percentual LDF increase after the administration 

of NA (white bars, n=21) or APX (black bars, n=11) during the first and the second 

peak of flushing. 

 

 
Figure 14: LDF recording in PUMA-G KO after administration of NA  (200 mg/kg) 

i.p., there is no increase of LDF, no flushing response. 

 

 

 

 

 

 



Results 
 

 - 54 - 

 

 
Figure 15: LDF recording in PUMA-G KO after administration of acipimox in the 

same dose as nicotinic acid  (200 mg/kg) i.p., there is no increase of LDF, no flushing 

response. 

 

 

4.2 Cyclooxygenase-1 and eNOS  
 

COX-1 is required for NA-induced flushing – these data we obtained from the previous 

experiments. Our results with COX-1 deficient mice and COX-1+/+

 

 controls suggest and 

confirm the important role of this enzyme in the flushing response after administration 

of NA. 

 
Figure 16: WT animal. LDF recording, after the administration of NA 200 mg/kg i.p., 

indicate normal peaks that are seen in the WT animal response. 
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Figure 17: LDF recording after the administration of 200 mg/kg NA to COX-1-/-

 

 mice. 

Compared to wild type littermate controls there is no flushing response. 

 

 
Graph 2: Quantitative analysis of the percentage LDF increase after administration of 

NA to COX-1-/- mice (black bars, n=5) and wild type littermates (white bars, n=5). 

**p<0.01, ***p<0.001 vs. COX-1+/-

 

. 
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Figure 18: LDF recording in WT (eNOS+/+) after injection of nicotinic acid in the dose 

200 mg/kg intraperitoneally.  The flushing response is typical for WT animals. 

 

 

  

 

 

Figure 19: LDF recording in  eNOS knockout animal after injection of nicotinic acid in 

the dose 200 mg/kg intraperitoneally.  The flushing response is very similar to the 

flushing response of the WT animal. There is biphasic increase of LDF values. 
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Graph 3: The percentage analysis of the experiments with NA administered to WT 

animals and eNOS knockout animals. There is no statistical analysis. The black bars 

(n=9) represents knockout eNOS mice, the white bars (n=11) mark wild type animals.   

 

 

 

 

4.3 PUMA-G mediates the flushing response to NA 
 

PUMA-G belongs to the group of receptors coupled to the G-protein. This murine 

receptor has been found as a ligand for nicotinic acid. It was discovered that PUMA-G 

is involved both in the antilipidemic mechanism of NA and flushing mechanism after 

administration of NA. And we show now the flushing reaction after the administration 

of nicotinic acid in PUMA-G wild types, heterozygous and knockouts. 
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Figure 20: The LDF response to the injection of NA 200 mg/kg i.p. to PUMA-G+/+

 

 

mice. 

 
Figure 21:  The LDF response to the injection of NA 200 mg/kg i.p. to PUMA-G+/-

 

. 

 

Figure 22: The LDF response to the injection of NA 200 mg/kg i.p. to PUMA-G-/-

 

. 
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To show whether PUMA-G knockouts pertain their ability for flushing at all, we have 

applied prostaglandin D2 and observed the reaction. 

 

Figure 23: LDF recording after the administration of PGD2 2 mg/kg to PUMA-G-/-

 

. 

There is a huge flushing-response, you can see higher increase than after the 

administration of nicotinic acid to PUMA-G KO mice. 

 

Graph 4: Quantitative analysis of the percentage LDF increase after administration of   
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nicotinic acid (200 mg/kg i.p.) in PUMA-G+/+ (white bars n=8), PUMA-G+/- (gray bars 

n=10) and PUMA-G-/- (black bars n=10). ∗∗∗p < 0.001 vs. PUMA-G+/+

 

 littermate 

controls. 

 

4.4 Prostaglandins  
 

Prostaglandins are involved to the flushing response after the administration of NA. 

This knowledge raises the question which one of prostaglandins plays the crucial role in 

the flushing mechanism.  

We have done trials with the prostaglandin knockouts – mice with lacking receptors for 

prostaglandin D2, then prostaglandin E2 or E4 deficient mice and the last experiments 

with prostaglandin I2 knockouts. Only the animals lacking prostaglandin I2 receptors 

reveal in the normal flushing response similar to wild type animals. Both prostaglandin 

E (E4, E2) and D2 have changed flushing answer after administration of nicotinic acid.  

 

Figure 24: LDF recording. Nicotinic acid (200 mg/kg i.p.) was injected to DP-/-

 

 mice. 
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Figure 25: LDF recording. Nicotinic acid (200 mg/kg i.p.) was injected to EP2
-/-

 

 mice. 

 

Figure 26: LDF recording. Nicotinic acid (200 mg/kg i.p.) was injected to EP4
-/-

 

 mice. 

 

Figure 27: LDF recording. Nicotinic acid (200 mg/kg i.p.) was injected to IP-/-

 

 mice. 
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Graph 5: Quantitative analysis of the percentage LDF increase in the response to NA in 

wild type animals (n=27) and the indicated mutants (n=6-15). *p=0,013; ***p<0.001 

vs. control. 

 

We distinguished the first peak from the second one in order to find out precise 

differences in the nicotinic acid-induced flush response. We could clearly see: The 

IPKO and the control have very similar features in both peaks. The first peak is 

decreased in the group of DPKO and both EPKO groups of animals. The second peak is 

not decreased in DPKO but is diminished in EPKO mice.   
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4.5 Experiments with transplanted bone marrow 
 

 

There would be very interesting to investigate whether the bone morrow from wild type 

mice maintains the characteristic of flushing after nicotinic acid. That question the bone 

morrow derived cells to have PUMA-G receptors. We made trials with transplantation 

of the bone marrow to PUMA-G deficient mice. The experiments were performed 

before and up to twelve weeks after the transplantation. The potential of nicotinic acid 

to induce flushing response was tested in four weeks intervals. The recipient-animals 

were PUMA-G KO and they received PUMA-G+/+ or PUMA-G-/- bone marrow.  

 

Figure 28: LDF recording after the injection of NA 200 mg/kg i.p to the PUMA-G-/-. 

This PUMA-G knockout received bone marrow from PUMA-G-/-donor. The 

experimented animal was tested twelve weeks after transplantation. 

 

Figure 29: LDF recording after the injection of NA 200 mg/kg i.p to the PUMA-G-/- 

who received bone marrow from PUMA-G-+/+ donor.  
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The NA-injection influenced the rapid increase (jump) of LDF value in the early 

beginning of this experiment. Still, we could recognize two dominant peaks of the LDF 

values in the whole experiment. These two dominant peaks could be observed in all 

trials with PUMA-G KO transplanted with PUMA-G+/+

 

 (WT) bone morrow after twelve 

weeks from transplantation. These responses are typical for wild type animals that are 

included to the nicotinic acid administration.  

 For the comparison see the following figures: 

 

Figure 30: The LDF response to the injection of NA 200 mg/kg i.p. to PUMA-G+/+

 

 

mice. This flushing response is characteristic for the wild type animals generally in all 

trials. 
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Graph 6: Statistical evaluation of nicotinic acid-induced increase of LDF in 

transplanted KO animals. LDF increase is represented by percentage changes of LDF. 

All tested animals were PUMA-G KO transplanted with PUMA-G+/+ or PUMA-G -/- 

bone morrow. White bars represent PUMA-G KO animals that received bone morrow 

from PUMA-G KO, black bars mean PUMA-G KO with transplanted bone morrow 

from WT animals (white bars n= 5, black bars n=8, p<0.05 vs. animals transplanted 

with   PUMA-G -/- bone morrow. 

 

Figure 31: Photo of the RT-PCR yields, cDNAs were from bone morrow or MHC class  
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II positive cells from the outer ear of PUMA-G KO mice transplanted with wild type 

bone morrow or PUMA-G-/-

 

 bone morrow. PUMA-G- or GAPDH- specific primers 

were used.  

 

4.6 PUMA-G is expressed in the immune cells  

 

4.6.1 Calcium measurement – macrophages, MHCII class-cells 
 

We wanted to reveal the question whether NA activates macrophages via PUMA-G 

receptors in mice. Thus we establish the method of the determination intracellular free 

[Ca2+] i

 

 in FURA-2 loaded macrophages. In this calcium measurement, we applied NA 

in the concentration of 100 µM. For the control if the cells are still able to react served 

solution of ATP (10 µM concentration).   

 

Figure 32: Calcium measurement of one cell (macrophage) loaded with Fura-2. Two 

different experiments are performed – with WT and KO macrophages. 
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Effect of NA (100 µM) and ATP (10 µM) on the intracellular [Ca2+] i concentration in 

peritoneal macrophages prepared from the wild type or PUMA-G knockout mice. As an 

indicator for the level of intracellular free [Ca2+] i

 

 served the fluorescent ration (on the y 

axis), measured under the wavelength 340/380 nm. 

 

Figure 33: The TellvisIon software original recording from the fluorescent microscope.  

There are all of the Fura-2 loaded peritoneal macrophages (every cell is marked with its 

own colour). The inputs of NA and ATP are indicated by the arrows. The active cells 

increase their fluorescent ration after the loading of NA or ATP. Not all the cells 

(colours) are living cells because their non-reaction after the administration of ATP. 
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Figure 34: Original recording from the fluorescent microscopy – all Fura-2 loaded 

peritoneal cells are shown as bright fluorescent spots on the dark background. 

 

Figure 35: The TellvisIon software original recording from the fluorescent microscope.  

There are all MHCII-positive cells (cells isolated from the mouse ears). The NA and 

ATP inputs are indicated with arrows. All the cells reacted to the administration of both 

nicotinic acid and adenosine triphosphate. 
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Figure 36: Original recording from the fluorescent microscopy – all Fura-2 loaded 

peritoneal cells are shown as bright fluorescent spots on the dark background (indicated 

by arrows). 

 

 

4.7 Expression of PUMA-G receptor in the skin  
 

 

There is known form several sources that PUMA-G is expressed in the skin and in 

various immune cells. We performed the LacZ staining method for elucidation of 

expression patterns in the mouse ear. Unfortunately, we did not confirm the existence of 

PUMA-G receptors expressed on the skin dendritic cells (Langerhans cells) with our 

method – LacZ staining. The staining was not representative. Lac-Z staining gave not 

the same results from the several experiments. Because of a little amount of 

representative experiments made with Lac-Z staining we do not make any conclusions. 

There is a lot of work to do in this part of our research. In the other hand we could not 

exclude this possibility that PUMA-G receptors are expressed in Langerhans cells in the 

skin. More experiments and more LacZ staining should be done.   
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If these receptors (PUMA-G) are expressed in Langerhans cells in the epidermis layer 

of the skin we could not demonstrated yet by the method of LacZ staining.  

 

The method useful for the finding out the expression of PUMA-G receptors in the tissue 

is RT-PCR. We isolated the RNA from the different tissue and prepared cDNAs  for 

RT-PCR. The expression patterns of PUMA-G receptor could be seen on the agarous 

gel- photo. 

 

 

 

Figure 37: RT-PCR of cDNAs from different tissues prepared fromPUMA-G+/+ (WT) 

and PUMA-G-/- (KO) mice using PUMA-G- or GAPDH-specific primers. BAT = 

brown adipose tissue. 
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5. DISCUSSION 
 

 

The observation that nicotinic acid, the member of B-vitamin family, can modify 

lipoprotein profiles in humans was for the first time made in the 1950s (Altschul R. et 

al., 1955). Before that, nicotinic acid has been known as a very important vitamin 

(niacin, B3

One of the major problems of the pharmacotherapeutical use of nicotinic acid is a strong 

flushing response that limits its clinical use and negatively affects patient compliance 

(Hotz W, 1983). The flushing response occurs within sixty-ninety minutes after the 

administration. Nicotinic acid-induced flushing can be observed at relatively low doses 

(50-100 mg per os) and it can comprise of cutaneous vasodilation accompanied by a 

burning sensation mainly affecting upper part of the body and face (Spies T.D., 1938, 

Goldsmith G.H., 1943). When nicotinic acid is given repeatedly, the flushing response 

abates it means that tolerance to nicotinic acid-induced flushing develops within days 

while the lipid lowering effects are stable over time (Hotz W, 1983). 

-vitamin, pellagra preventive factor…) which deficiency could rise in 

pellagra disease. This newly uncovered feature, the lipid-lowering characteristic, has 

started huge investigation of nicotinic acid as a new promising drug against 

hyperlipidemia. Subsequent clinical experience has demonstrated that nicotinic acid 

produces a very beneficial modification of cardiovascular risk factors. Nicotinic acid 

increases in HDL and decreases in VLDL, LDL and triglycerides, used as a 

monotherapy.  In addition to its highly desirable profile of cardiovascular risk factor 

modulation, nicotinic acid has been shown to produce enhanced therapeutic effects 

when given in combination with other lipid-lowering drugs, mainly in combination with 

statins and bile acid resins (Moon Y.S., Kahyap M.L., 2002, Crouse J.R., 1996).  

 

The recent discovery of Gi protein-coupled receptor GPR109A (HM74A in humans, 

PUMA-G in mice) as a receptor for nicotinic acid provides the opportunity to gain 

greater understanding of nicotinic acid clinical efficiency and the characteristic side 

effects profile of nicotinic acid. The GPR109A is high affinity receptor for nicotinic 

acid. PUMA-G, the murine form of the receptor, as well as its human orthologue 

HM74A are expressed in adipose cells and in various immune cells, including 
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macrophages (Wise A. et al., 2003; Tunaru S. et al., 2003; Soga T.et al., 2003; Schaub 

A. et al., 2001). The GPR109A receptor mediates the antilipolytic effects of nicotinic 

acid but there existed a question whether it could also be involved to the nicotinic acid 

induced flushing. Mice deficient for the murine form of GPR109A, PUMA-G, did not 

respond with any change in the cutaneous blood flow to nicotinic acid, while mice 

heterozygous for null allele of PUMA-G showed a flushing response comparable to 

wild type animals. Administration of PGD2 to PUMA-G-/-

We confirmed, from our previous experiments with NA on WT, HZ, and KO animals, 

that the vasodilatory effect in the mouse skin vessels is mediated through the G-protein-

coupled receptor PUMA-G. Nicotinic acid injected i.p. in the dose of 200 mg/kg body 

weight induced flushing in WT and heterozygous animals. The flushing response was 

observed with a biphasic increase in blood flow. The first peak appeared within 3-4 min 

and the second peak appeared after about 25 min. The blood flow returned to the basal 

level after 40-50 min. 

 mice induced a full flushing 

response indicating that PUMA-G- deficient mice had not lost the ability to flush in 

general. These results clearly show that PUMA-G receptor mediates both nicotinic acid 

induced antilipolysis and cutaneous vasodilation. 

Acipimox, a related compound to nicotinic acid shared its pharmacological features 

with nicotinic acid. acipimox also induced a biphasic increase of blood flow, injected in 

the dose 200 mg/kg i.p. 

Knock out animals did not respond to both NA and acipimox with increased blood flow 

levels. That means that PUMA-G is really the receptor for NA and is responsible for 

flushing induced by nicotinic acid, as I already summarize in my diploma thesis. 

 

The flushing can be reduced by co-administration of nonsteroidal antiinflammatory 

agents that do not influence nicotinic acid effects on lipid levels (Carlson L.A., 1978). 

This fact that nicotinic acid-induced flushing can be alleviated by cyclooxygenase 

inhibitors like indomethacin suggests prostanoids to be involved in the nicotinic acid-

induced flushing mechanism (Eklund B. et al., 1979; Kaijser L. et al., 1979). COX-1 is 

very important enzyme in the prostaglandin pathway. 

 In addition, flushing response to nicotinic acid is abrogated in the absence of 

cyclooxygenase type 1 (Langenbach R. et al., 1995), as we also confirmed in our 
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experiments.  We have used genetically altered mice lacking COX-1 (double knockouts 

COX-1-/-) and wild type animals as a control. The statistically analyzed results clearly 

showed a significant differentiation between COX-1+/+ and COX-1-/- animals. There was 

no increase blood flow in the COX-1 deficient mice in the contrast to COX-1+/+

On the other hand, we made experiments with nicotinic acid on mice lacking eNOS to 

better analyze of nicotinic acid-induced flushing. We observed that mice deficient for 

eNOS showed flushing in response to nicotinic acid that was hardly distinguishable 

from flushing induced in wild type animals. It means that endothelial NO production, 

does not play a critical role in the flushing mechanism. 

 mice 

that answered typically with the biphasic increase of blood flow level. This finding fully 

endorses the idea of prostaglandin-involving mechanism of flushing induced by 

nicotinic acid.  

 

Because of flushing is completely dependent on COX-1, should prostaglandins be 

involved in the increase of cutaneous blood flow as reply to NA. Minimally three 

prostaglandins have potential to induce the vasodilatory effect in the skin: PGD2, PGI2, 

and PGE2. For these prostanoids and their metabolites, an increase plasma and urine 

levels has been described in human treated with nicotinic acid (Morrow J.D. et al., 

1989). To elucidate the details of mechanism of nicotinic acid induced flushing 

response we tested prostaglandin receptor-deficient mice. The mice lacking PGD2 

receptor, PGI2 receptor, PGE2, or PGE4 receptor were generated and we used them for 

our experiments. To test whether one or several of these vasodilator prostanoids mediate 

nicotinic acid induced cutaneous vasodilation, we measured cutaneous blood flow of 

DP2-, EP2-, EP4-, IP2- receptor deficient mice in respond to NA. Shown in the picture, 

nicotinic acid induced flushing was normal in mice lacking the IP-receptor. However, 

there was a significant decrease in the first peak of nicotinic acid induced increase of 

blood flow in DP2, EP2 and EP4   while the second peak was decreased in EP2 and EP4 

but not in DP2 deficient mice. These data indicate that prostaglandins PGD2, PGE2 and 

PGE4 but not PGI2

 

 are involved in nicotinic acid-induced flushing response. 

To tests whether immune cells mediate nicotinic induced flushing, we generated bone 

marrow chimeras by transplanting wild type bone marrow or bone marrow from 
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PUMA-G-/- mice to irradiated PUMA-G deficient mice. The potential of NA to induce 

flushing was tested before transplantation and in 4 weeks-intervals after transplantation. 

Before and up to 8 weeks after the bone marrow transplantation, PUMA-G deficient 

mice transplanted with wild type or PUMA-G deficient bone marrow did not flush to 

nicotinic acid. However, 12 weeks after transplantation PUMA-G-/-

There exist direct and indirect evidences for the involvement of skin dendritic cells in 

the NA-induced flushing. The indirect evidence represent the experiments with 

transplanted bone morrow, when the transplanted bone morrow from WT animals 

restored the ability to induce the flushing in PUMA-G knockouts, together with the 

appearance of PUMA-G receptor expressing by dendritic cells in the skin. For the direct 

evidence, the fact could play a role that nicotinic acid increases COX-activity and 

stimulates prostanoid release in the skin dendritic cells. 

 mice that had 

received wild type bone marrow started to show cutaneous vasodilation after the 

administration of nicotinic acid. PUMA-G deficient mice transplanted with PUMA-G 

deficient bone marrow remained unresponsive. The fact that wild type bone marrow 

was able to restore the nicotinic acid induced flushing response in PUMA-G deficient 

animals shows that bone marrow derived cells expressing PUMA-G mediate the 

nicotinic acid induced flushing reaction. These bone morrow-derived cells could be 

immune cells. Among the immune cells, that are known to express PUMA-G receptor, 

belong macrophages and dendritic cells in the skin (Langerhans cells).  

 

Other cells of the immune system could play a role in the vasodilatory effect after the 

administration of nicotinic acid: macrophages. PUMA-G is expressed as well in 

macrophages. To test whether macrophages are able to respond to nicotinic acid via 

PUMA-G we determined calcium measurement in FURA-2 loaded macrophages. We 

have found that nicotinic acid induces an increase in [Ca2+]i via its receptor PUMA-G. 

It is well investigated that in leucocytes, activation of phospholipase C results in the 

increase of intracellular calcium concentration and consecutive phospholipase A2 

(PLA2) activation. The PLA2

 

 mediates the formation of arachidonic acid that is the 

precursor of prostanoids (Exton J.H., 1996, Rhee S.G., 2001). 
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Although adipocytes can form a variety of prostanoids, nicotinic acid-induced 

prostaglandin release responsible for flushing is suggested to take place in the skin 

(Richelsen B., 1992, Borglum J.D. et al., 1997, Morrow J.D. et al., 1992). These 

findings correspond with that the activation of the Gi

When nicotinic acid activates GPR109A on adipocytes, desirable effects on lipid levels 

are observed. The levels of VLDL, LDL and triglycetides are decreased while HDL 

level is increased.  

 protein-coupled receptor 

GPR109A can produce different responses depending on the location of the receptor. 

However, when nicotinic acid activates GPR109A on dermal dermatic cells or dermal 

macrophages the consecutive mobilization of arachidonic acid and its conversion to 

vasodilatory prostaglandins (PGD2 and PGE2

 

) result in the characteristic flushing 

response.  

In order to summarize all our results, we could say that both the antidyslipidemic and 

the vasodilatory effects are mediated via the G-protein-coupled receptor for nicotinic 

acid GPR109A. It would be very hard to dissociate these two effects by using the new 

antagonist acting on GPR109A. The new potential targets for the drugs that suppress 

nicotinic acid-induced flushing could be on one side the enzymes involved to the 

synthesis of prostaglandin D2 or E2/E4 and on the other side the receptors for PGD2 or 

PGE2/PGE4.  The clear indication for the molecular explanation of flushing was 

presented: Nicotinic acid-induced flushing is an indirect effect mediated by GPR109A 

receptor, what activation leads to the production of PGD2 or PGE2/PGE4 

 

by the bone 

morrow-derived immune cells. The challenge for further analyses stays in the question 

what type of immune cells is responsible for the prostanoid release. 

 

 

 

 

 



Summary 
 

 - 76 - 

6 SUMMARY 
 

Nicotinic acid belongs to the drugs with anti-hyperlipidemia effects. It lowers levels of 

both cholesterol and triglycerides and increases the level of HDL. The benefit features 

of this vitamin are accompanied with the side effects of flushing, mainly, that have very 

negative influence to patient compliance. Independently, T. Soga and A. Wise have 

discovered the G-protein-coupled receptor GPR109A (HM74A in humans, PUMA-G in 

mice) as the receptor for nicotinic acid. This elucidation opened the way to elucidate the 

molecular identification of the mechanism of nicotinic acid-induced flushing. 

We have done several experiments with PUMA-G double-knockout mice which lacking 

the PUMA-G receptor. First of all, we have established the method for monitoring the 

flushing response after the administration of nicotinic acid and acipimox, its derivative 

with similar effect on the lipid metabolism.  From our results, it implied that nicotinic 

acid and acipimox causes flushing response via the receptor PUMA-G. Thus we could 

say that PUMA-G receptors are involved in both lipid-lowering mechanism and 

flushing-mechanism. It has been postulated that NSAIDs can diminish the occurring 

flush response in the patients. Our experiments with COX-1-/- clearly showed that COX-

1 is one of the crucial enzymes in the nicotinic acid-induced flushing by contrast to 

eNOS that has no function in this mechanism as seen in the eNOS-/-

Cyclooxygenase is the main enzyme in the synthesis of prostaglandins that are 

considered to be the mediators in the flushing mechanism in the skin. The experiments 

with prostaglandin-knockout mice (DPKO, IPKO, EPKO) reveal the involvement of 

PGD

 mice experiments. 

2 and PGE2 respectively PGE4

The G-protein-coupled receptors for nicotinic acid are mainly expressed in adipocytes 

(brown adipose tissue), immune cells in the skin (ear), including macrophages. The fact 

that nicotinic acid-induced flushing can be restored in irradiated PUMA-G lacking mice 

with transplanted wild type bone morrow indicates that immune cells mediate this 

effect. In relation to this, we have found in macrophages that nicotinic acid induces the 

increase of the intracellular calcium concentration via the PUMA-G receptor. The 

increased [Ca

 in the flushing mechanism. 

2+]i plays an important role in the activation of PLA2, an important 
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enzyme of arachidonic acid synthesis. Involvement of other dermal immune cells 

(Langerhans cells) into the prostanoid release is very possible but not confirmed yet.   

 

 

 

 

 

 



Souhrn 
 

 - 78 - 

7 SOUHRN 
 
 

Kyselina nikotinová patří mezi vitamíny skupiny B a zároveň mezi látky s výraznými 

antihyperlipidemickými vlastnostmi. Do metabolismu lipidů zasahuje snižováním 

hladiny cholesterolu i triglyceridů. Ačkoli má kyselina nikotinová velice příznivé 

účinky při snižování zvýšených hladin krevních lipidů, nepatří mezi látky s dobrou 

compliance u pacientů. V České republice není ani registrována jako 

antihyperlipidemické léčivo. Důvodem noncompliance u pacientů je výskyt častých 

nežádoucích účinků při podávání perorálních dávek kyseliny nikotinové. Mezi tyto 

nežádoucí účinky patří především zarudnutí horní poloviny těla a pruritus, tzv. flushing. 

Vědci T.Soga a A.Wise nezávisle na sobě objevili receptor pro kyselinu nikotinovou 

GPR109A (nazýván HM74A u lidí a PUMA-G u myší), jako receptor spřažený s          

G-proteinem. Tento objev pomohl k objasnění molekulárního mechanismu působení 

kyseliny nikotinové a otevřel nová pole zkoumání mechanismu kožní vasodilatace 

způsobené niacinem.  

Vyvinuli jsme metodu, pomocí které lze sledovat  vasodilataci v ušní cévě myši po 

podaní kyseliny nikotinové (LDF flowmetry).  Pomocí této metody jsme dospěli 

k závěru, že niacin, stejně jako acipimox, způsobuje „flushing“ reakci  via receptor 

PUMA-G. Receptor GPR109A je tedy zapojený do mechanismu lipidů i do 

mechanismu kožní vasodilatace po podání kyseliny nikotinové. Bylo by tedy 

farmakologicky velice obtížné, oddělit antilipolytický účinek od vasodilatačního účinku 

pomocí nových agonistů vázajících se na receptor GPR109A.  

Nesteroidní antiflogistika mohou snižovat kožní zarudnutí a pruritus. Z našich 

experimentů jasně vyplývá, že COX-1, enzym ovlivňovaný NSAIDs, hraje významnou 

roli ve „flushing“ , na rozdíl od enzymu eNOS. 

Cyklooxygenasa je jeden z hlavních enzymů syntézy prostaglandinů, které jsou 

považovány za mediátory vasodilatačního účinku v kůži. Pomocí experimentů na 

myších postrádajících prostaglandinové receptory (DPKO, EPKO, IPKO) jsme objevili, 

že prostaglandin D2 a obě formy prostaglandinu E (E2, E4) způsobují kožní vasodilataci 

přes receptor PUMA-G. 
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Receptor pro kyselinu nikotinovou je prokazatelně exprimován v hnědé tukové tkáni 

(adipocytech), v immunitních buňkách kůže (ucho) a v makrofázích. Receptor na 

adipocytech je zodpovědný za antilipolytické účinky.  

Imunitní buňky pocházející z kostní dřeně WT myší, která byla transplantována  

PUMA-G KO myším, si zachovávají svoji vlastnost a způsobují kožní vasodilataci po 

podání kyseliny nikotinové u PUMA-G knockout myší.       

Během kalciového měření jsme zjistili, že makrofágy zvyšují intracelulární koncentraci 

vápníku po podání niacinu. Tento mechanismus zvyšování intracelulární koncentrace 

kalcia je důležitý v aktivaci (PLA2

Zapojení ostatních buňek kožního imunitního systému zůstává stále nevyjasněnou 

otázkou. Velmi dobrými kandidáty jsou dendritické buňky, tzv. Langerhansovy buňky, 

které by mohly být zapojeny do mechanismu kožní vasodilatace zprostředkované 

receptorem pro kyselinu nikotinovou GPR109A.  

) fosfolipasy A , která katalyzuje syntézu kyseliny 

arachidonové, z níž jsou posléze produkovány prostaglandiny. 

K objasnění molekulárního mechanismu „flushing“ jsme přispěli zjištěním, že tento jev 

je způsoben aktivací receptoru GRP109A a je mediován prostaglandiny PGD2 a 

PGE4/E2, které jsou uvolňovány imunitními buňkami pocházejícími z kostní dřeně. 

Výzvou nadále zůstává upřesnit, které buňky kožního imunitního systému jsou 

zodpovědné za uvolňování prostaglandinu po podání kyseliny nikotinové a podat jasný 

důkaz o zapojení těchto buňek do mechanismu „flushing“.  



Appendix 
 

 - 80 - 

8 APPENDIX 
 
 

8.1 Plaque in the vessel 
 
 

 
Figure 38: Schematic picture of the blood vessel with forming plaque 

           (http://www.deutsche-apotheker-zeitung.de). 

 

 
 
Figure 39: Plaque in the arthery (http://www.deutsche-apotheker-zeitung.de). 
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8.2 Dendritic cells 
 
 

Figure 40 : Histology section of the skin – with stained Langerhans cells  

(Gawkrodger D.J.,1997). 
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Figure 41: A dendritic cell (Siena S, 1995) 

8.3 Fluorecsence 
 

 
 
 
Figure 42: The structure of FURA-2 AM ester-the cell-permeable ester. Hydrolysis by 

non-specific esterases traps the indicator in the cytosol (Ref.: Davis M.J. et al., 1992). 
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Figure 43: The fluorescence microscope and the schematic plan of work (International 

Helmholtz Research School on Biophysics & Soft Matter, Advanced Practical Course 

on Optical Spectroscopy in Biology Forschungszentrum Jülich, Germany ). 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 44: The Jablonski diagram 
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Figure 45: Observing fluorescence. If a solution contains a fluorescent substance (a 

fluorochrome) it emits fluorescence when illuminated with light of appropriate color 

(wavelength) - the excitation light. Fluorescence is best observed at a right angle to the 

axis of the excitation light because this avoids looking into the excitation lamp. In a 

fluorescence spectrometer, a light detector (PMT = photomultiplier tube) is usually 

mounted at a right angle to the excitation light path. Excitation light and fluorescence 

can also be separated using optical filters. (International Helmholtz Research School on 

Biophysics & Soft Matter). 

. If a solution contains a fluorescent substance (a fluorochrome) it emits fluorescence 

when illuminated with light of appropriate color (wavelength) - the excitation light. 

Fluorescence is best observed at a right angle to the axis of the excitation light because 

this avoids looking into the excitation lamp. In a fluorescence spectrometer, a light 

detector (PMT = photomultiplier tube) is usually mounted at a right angle to the 

excitation light path. Excitation light and fluorescence can also be separated using 

optical filters. (International Helmholtz Research School on Biophysics & Soft Matter). 
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Figure 46: Mechanism of nicotinic acid (Pike N.B., 2005) 
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