I.*, National Library
of Canada

Acquisitions and

Bibiiothéque nationale
du Canada

Direction des acquisitions el

Bibliographic Services Branch  des services bibliographiques

395 Wetlington Street
Ottawa, Ontario
K1A ON4 K1A ON4

NOTICE

The quality of this microform is
heavily dependent upon the
quality of the original thesis
submitted for  microfilming.
Every effort has been made to
ensure the nighest quality of
reproduction possible.

If pages are missing, contact the
university which granted the
degree.

Some pages may have indistinct
print especially if the original
pages were typed with a poor
typewriter ribbon or if the
university sent us an inferior
photacopy.

Reproduction in full or in part of
this microform is governed by
the Canau. n Copyright Act,
R.S.C. 1970, c¢. C-30, and
subsequent amendments.

Canad'é'

395, rue Wellington
Qttawa (Ontario)

Youwr file  Volre 1@ldvence

Ow e Nolre 1dlérence

AVIS

La qualité de cette microforme
dépend grandement de la qualité
de la thése soumise au
microfilmage. Nous avons tout
fait pour assurer une qualité
supérieure de reproduction.

S’il manque des pages, veuillez
communiquer avec ['université
qui a conféré le grade.

La qualité d’impression de
certaines pages peut laisser a -
désirer, surtout si les pages
originales ont été
dactylographiées a Paide d'un
ruban usé ou si I'université nous
a fait parvenir une photocopie de
qualité inférieure.

La reproduction, méme partielle,
de cette microforme est soumise
a la Loi canadienne sur le droit
d’auteur, SRC 1970, c. C-30, et
ses amendeiments subséquents.



UNIVERSITY OF ALBERTA

THE INTERRELATIONSHIP BETWEEN NIACIN IN LARGE DOSES AND
VITAMIN B, STATUS AS REFLECTED BY AN ALTERED METHIONINE
METABOLISM IN RATS.

BY
SARABIIT S. MANN @

A thesis submitted to the Faculty of Graduate Studies and Research in partial
fulfillment of the requirements for the degree of Master of Science

IN
NUTRITION AND METABOLISM

DEPARTMENT OF AGRICULTRAL, FOOD AND NUTRITIONAL SCIENCE

EDMONTON, ALBERTA

FALL 1995



I * ' National Library Bibliotheque naticnale
du Canada

of Canada

Acquisitions and Direction des acquisilions et
Bibliographic Services Branch  des services bibliographiques
395 Wellington Street 395, rue Wellinglon

Ottawa, Ontario Ottawa (Ontario)

K1A ON4 K1A ON4

THE AUTHOR HAS GRANTED AN
IRREVOCABLE NON-EXCLUSIVE
LICENCE ALLOWING THE NATIONAL
LIBRARY OF CANADA TO
REPRODUCE, LOAN, DISTRIBUTE OR
SELL COPIES OF HIS/HER THESIS BY
ANY MEANS AND IN ANY FORM OR
FORMAT, MAXING THIS THESIS
AVAILABLE TO INTERESTED
PERSONS.

THE AUTHOR RETAINS OWNERSHIP
OF THE COPYRIGHT IN HIS/HER
THESIS. NEITHER THE THESIS NOR
SUBSTANTIAL EXTRACTS FROM IT
MAY BE PRINTED OR OTHERWISE
REPRODUCED WITHOUT HIS/HER
PERMISSION.

Your fia  Volre relsence

Our il Nolre rélérence

L'AUTEUR A ACCORDE UNE LICENCE
IRREVOCABLE ET NON EXCLUSIVE
PERMETTANT A LA BIBLIOTHEQUE
NATIONALE DU CANADA DE
REPRODUIRE, PRETER, DISTRIBUER
OU VENDRE DES COPIES DE SA
THESE DE QUELQUE MANIERE ET
SOUS QUELQUE FORME QUE CE SOIT
POUR METTRE DES EXEMPLAIRES DE
CETTE THESE A LA DISPOSITION DES
PERSONNE INTERESSEES.

L'AUTEUR CONSERVE LA PROPRIETE
DU DROIT D'AUTEUR QUI PROTEGE
SA THESE. NI LA THESE NI DES
EXTRAITS SUBSTANTIELS DE CELLE-
CINE DOIVENT ETRE IMPRIMES OU
AUTREMENT REPRODUITS SANS SON
AUTORISATION.

ISBN 0-612-06506-5

Canadi



UNIVERSITY OF ALBERTA

LIBRARY RELEASE FORM

NAME OF AUTHOR : Sarabjit S. Mann

TITLE OF THESIS: The Interrelationship between niacin in large doses and
vitamin B, status as reflected by an altered methionine

metabolism in rats.
DEGREE: MASTER OF SCIEN(

YEAR THIS DEGREE GRANTED: 1995.

Permission is hereby granted to THE UNIVERSITY OF ALBERTA LIBRARY to
reproduce single copies of this thesis and to lend or sell such copies for private,
scholarly or scientific research purposes only.

The author teserves all other publication and other rights in association with the
copyright in the thesis, and except as hereinbefore provided neither the thesis nor any
substantial protion thereof may be printed or otherwise reproduced in any material
form whatever without the author’s prior written permission.

=)

4807-18 Avenue
Edmonton, Alberta
TeL 2Y4

Date: (7 ¢S, 95




UNIVERSITY OF ALBERTA

FACULTY OF GRADUATE STUDIES AND RESEARCH

The undersigned certify that they have read, and recommended to the Faculty of
Graduate Studies and Research for acceptance, a thesis entitled “The Interrelationship
between niacin in large doses and vitamin B, status as reflected by an altered
methionine metabolism in rats" submitted by Sarabjit S. Mann in partial fulfillment of
the requirement for the degrec of Master of Science in Nutrition and Metabolism.

—elort Hoce

Dr. T. K.’Basu (Supervisor)

» /) ’ /
/ (— ( éj - ,/(/ o~ ——

Dr. M. T. Clandinin

AR

DrWQac

\/u Bes

Dr. V. Dias—

Date: Septemeber 26, 1995,



ABSTRACT

Objective: This study investigates the interrelationships of pharmacologic
doses of nicotinic acid used for the treatment of hyperlipidemia with sulphur amino
acids, vitamin B,,, folic acid and vitamin Bg.

Design: Two experiments were conducted in which nutritionally adequate
semi-synthetic diets were given to male Sprague-Dawley rats. In the first experiment
the effect of large doses of niacin either at a level of 400 mg or 4000 mg/kg diet
(compared to control level of 46.7 mg/kg diet) on lipid, sulphur amino acid, vitamin
B,, and folic acid levels was monitored. Because vitamin Bg play an important role
in the metabolism of sulphur amino acids, the effect of concurrent supplementation
of niacin (4000 mg/kg diet) and vitamin B, (10 mg/kg diet) on these parameters was
also examined.

Results: Pharmacologic doses of niacin resulted in a significant decrease in
plasma and liver lipid levels. However, an increase in plasma and urinary methionine
associated with decreased plasma and vcinary cysteine concentrations was observed
following niacin administration. Similar results were found in the second experiment
along with increased concentrations of homocysteine in plasma and urine in the
niacin treated group. No difference in plasma and urine levels of these sulphur amino
acids was observed, when animals were fed concurrent supplementation of niacin
and vitamin B, together. Vitamin B,, and folic acid c;'a,;}ceﬂuaﬁons in plasma were
not effected following niacin and/or vitamin B, treatment. However, plasma PLP

(pyridoxal-5'-phosphate) levels were significantly decreased in niacin treated



animals. Plasma and liver lipids levels were not affected due to simultaneous
administration of niacin and vitamin B4 when compared with niacin treated animals.
Conclusion: The present study concludes that niacin in pharmacologic dose
levels may lead to vitamin B, deficiency resulting in altered methionine metabolism.
However, concurrent supplementation with both niacin and vitamin B, can
successfully reverse metabolic abnormalities resulting from feeding high doses of
niacin without effecting hypercholesterolemic properties of niacin. Therefore,
treatment of dyslipidemia with simultaneous administration of niacin and vitamin By

could further improve niacin therapy.
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1. INTRODUCTION

Epidemiological, clinical, genetic and laboratory-animal studies all indicate that
hypercholesterolemia,.associatcd with increased levels of low density lipoprotein (LDL)
and very low density lipoprotein (VLDL) remnants, is related to an increased risk of
coronary heart disease (CHD) (1-4). Clinical studies have shown that interventions to
reduce serum lipid levels may lead to a reduction in total mortality from cardiovascular
diseases (5-7) and regression of atherosclerotic plaques in hyperlipidemic patients (8-
11). Considerable research effort has thus been dedicated towards understanding the
etiology and potential treatments for high serum cholesterol and atherogenic lipoprotein
concentrations. Consensus Conference on lowering blood cholesterol to prevent heart

disease, recommended dietary modifications and potential drug therapy for the treatment

of hypercholesterolemia (1).
1.1.  DIETARY TREATMENT

The first step in the treatment of hypercholesterolemia is diet therapy and reduction in
weight for overweight subjects (13). According to the National Cholesterol Education
Program (NCEP), the general goal of dietary therapy is to lower elevated cholesterol
levels while maintaining a nutritionally adequate diet (13). Dietary treatment involves
the modification of diet to reduce the intake of total fat and cholesterol (12). "Step one

diet" recommends total fat less than 30% of calories, saturated fatty acids <10% of



calories and cholesterol less than 300 mg/day. At the end of three months of period
starting the step-one diet, serum total cholesterol and LDL-cholesterol are measured.
If this dietary regime fails to lower cholesterol level, the hypercholesterolemic subjects
are put on a step-two diet, where saturated fatty acids intake is further reduced to <7%
of caloric intake and cholesterol <200 mg/day (12, 13). If the serum cholesterol remains
unchanged at the end of three month on the lipid restricted diet, drug therapy is

seriously considered.

1.2. DRUG TREATMENT

Dietary treatment is usually carried out for at least six months before initiating drug
therapy. Usually drug therapy is added to dietary therapy, not as a substitute. The
drugs of first choice include bile acid sequestrants (cholestyramine and colestipol), 3-
hydroxy-3-methylglutaryl coenzyme A reductase inhibitors (lovastatin, pravastatin,
simvastatin), fibric acid derivatives (gemfibrozil, clofibrate), acyl coenzymc
A:cholesterol acyl transferase (ACAT) inhibitors (SaH57118, SaH58035), lipid oxidation

inhibitor (probucol) and nicotinic acid.

1.2.1. Bile Acid Sequestrant

The bile acid sequestrants are primarily effective in lowering-LDL-cholesterol (14, 15).

The two drugs in this group are cholestyramine and colestipol. The primary action of



bile acid sequestrant is to bind bile acids in the intestinal lumen, with a concurrent
interruption of the enterohepatic circulation of bile acids and a markedly increased
faecal excretion of acidic steroids (12, 16). The bile acid pool is depleted and there is
a compensatory increase in synthesis of bile acids from cholesterol with the enzyme 7-
alpha hydroxylase (17). Decreased hepatic cholesterol content stimulates an increase
in LDL receptors, which increases the uptake of LDL; therefore catabolism and removal

of LDL from the blood, resulting in decreased concentrations of these lipoproteins in

plasma (18).

Adherence is a problem with the bile acid sequestrants (19), the most frequent side
effects include nausea, constipation, vomiting, heartburn, abdominal pain, belching and
bloating (14). Bile acid sequestrants can also interfere with the absorption of warfarin,
thyroxin, digoxin, and thiazide diuretics (20), and may decrease the absorption of folic
acid and fat-soluble vitamins (16). Biochemical side effects include modest increase in

plasma triglycerides, and mild increases in alkaline phosphatase and transaminases (16).

1.2.2. HMG-CoA Reductase Inhibitors

Recently, development of inhibitors of HMG-CoA reductase, the rate limiting enzyme
in cholesterol biosynthesis, has provided a new therapeutic approach to the treatment

of hypercholesterolemia (19). Lovastatin, pravastatin and simvastatin are major agents



in this category in the market (21). These agents block the synthesis of cholesterol in
the liver (22) and lower the LDL cholesterol by as much as 40% (23). The resultant
decrease in hepatic cholesterol stimulates the production of LDL receptors, resulting in
increased catabolism of LDL and decreased circulating LDL levels (14). Thus the

beneficial reduction in plasma LDL is achieved.

Headache, myalgia, insomnia, and gastrointestinal complaints are the most frequently
reported side effects of these hypocholesterolemic agents (24). Marked and persistent
serum transaminase elevations requiring discontinuation of these drugs are seen in ().1-
1.5% of subijects treated with these agents (23). The most serious toxic effects of the
drugs of this category relate to the liver and skeletal muscle. Muscle weakness,

markedly elevated creatine kinase (23), jaundice (25, 26) may develop (23).

1.2.3. Fibric Acid Derivatives

Fibrates are an established class of drugs for the treatment of hyperlipoproteinemias.
The parental compound, clofibrate (p-cholorophenoxyisobutyrate) is the ethyl ester of
p-cholorophenoxyiso bytyrate. Most commercially available fibrates have a Cl
substitute at the para position of the aromatic ring. The fibric acid derivatives, such as
gemfibrozil and clofibrate currently available in the United States (24), are mainly T-G
lowering drugs. According to the World Health Organization (27) and Helsinki Heart

(7) trials, these drugs reduce the risk of nonfatal CHD. The mechanisms of action of



the fibric acids are not well understood. Many researchers consider stimulation of
lipoprotein lipase to be the mechanism of action (28), but others have maintained that
the lipid-lowering activity is due to the enhanced rate of receptor-mediated clearance of
LDL from plasma (29-31). The treatment with fibric acid derivatives may cause nausea,
abdominal pain, weight gain and drowsiness (20). These drugs increase lithogenicity
of bile (32) and cholelithiasis (20, 33). They also displace warfarin from binding sites
and can cause myositis and ventricular dysrhythmias (20). Other side effects include

rash, urticaria, pruritus, headaches, insomnia, increased aminotransferases and decreased

alkaline phosphatase (12).

1.2.4. ACAT Inhibitors:

In recent years, the inhibition of acyl coenzyme A:cholesterol acyl transferase (ACAT),
for the prevention of high cholesterol levels is under consideration. Because ACAT is
the enzyme that esterifies cholesterol in the body, a process believed to be the key for
cholesterol absorption (21). Inhibition of this enzyme resulted in beneficial effects on.
plasma cholesterol levels in rats due to a decreased absorption of dietary cholesterol
(34). Block of cholesterol esterification in the liver could decrease synthesis of VLDL
as esterification is required for VLDL synthesis (35). Blockage of ACAT activity in the
arterial wall will decrease the accumulation of cholesterol esters and prevent foam cell
formation in the artery wall (36). The free cholesterol thus generated may then be

removed by HDL or other acceptors, back to the liver (36).



However, the possibility remains that these inhibitors could lead to an accumulation of
cholesterol in the liver and therefore down regulation of LDL receptor uptake (36).
There is an inverse relationship between biliary cholesterol output and ACAT activity
(37). Patients with gallstones have a reduced ability to esterify free cholesterol due to
inhibition of hepatic ACAT (38). It is therefore possible that block of ACAT in the

liver may result in a lithogenic bile (36).
1.2.5. Lipid Oxidation Inhibitor

Probucol, the best studied agent of this class is modestly effective drug for the treatment
of hypercholesterolemia (12). It is a bis-phenol (24), that lowers LDL cholesterol
concentrations by 8% to 15% (39). The mechanism by which probucol lowers LDL
cholesterol is not fully understood, but the drug appears to increase nonreceptor
mediated catabolism of LDL (40). Oxidation of LDL with in the arterial wall is a
critical step leading to foam cell formation (41), anti-oxidaxit properties of probucol may

decrease the deposition of lipids and lipoproteins in the arterial wall (42,43).

Probucol is also thought to decrease HDL-cholesterol by 20 to 25 % (44,45) by
decreasing apolipoprotein A 1 synthesis and lipoprotein lipase activity (46). Side effects
of probucol include diarrhea, flatulence, abdominal pain, and nausea (20). Probucol
causes prolongation of the QT interval (14). This lipid soluble drug persists in adipose

tissue for at least six months, should be discontinued well before any attempted



pregnancy (14, 24).

1.2.6 Untoward Aspects of The Use of Conventional Hypolipidemic Agents

Enormous progress has been made in the development and testing of pharmacological
agents towards the control of hypercholesterolemia and for the treamment and prevention
of atherosclerosis complications. Of the agents discussed above, lovastatin, colestipol
and cholestyramine produce 2 maximum reduction in LDL-C level, where as niacin and
gemfibrozil produce a maximum increase in HDL-C level. Although probucol also
produces a substantial reduction in total cholesterol levels, much of its effects is due to
a reduction in HDL-C levels. Lovastatin and niacin are drugs that produce the greatest
reduction in LDL-HDL cholesterol ratio. Increased attention has been focused on
potential harmful side effects during treatment with these agents. Gastrointestinal
symptoms are the most common side effects. Potential harmful adverse effects include
malabsorption of vitamins, drug interaction (bile acid resins), hepatic injury (HMG-CoA

reductase inhibitors), increased gallstone formation and venticular arrhythmias (fibrates)..

Selecting efficient treatment strategies requires consideration of both the effectiveness
and the cost of therapy. In view of the high cost of lipid lowering drugs, the cost
effectiveness of therapy for preventing or treating coronary heart disease is becoming
increasingly important. Using cost-effective analysis, Schulman et. al. (47) compared the

cost of treatment of hyperhcolesterolemia with different pharmacologic agents. The



medications studied include cholestyramine, colestipol, niacin, gemfibrozil, lovastatin

and probucol. Annual costs for therapy ranged from $327 (niacin) to §1181 (lovastain).

Niacin (3 g/day) and lovastatin (20 mg/d) are thought to be most efficient for reducing
cardiovascular risk. Lovastatin, the first HMG-CoA reductase inhibitor to be released
for the treatment of hypercholesterolemia is, however, an expensive drag, not
recommended for first-line therapy (13). The cost for 20 mg lovastatin is $37.50
compared to $ 4.68/g for niacin. Niacin still holds first line position in the teatment
of the hyperlipidemia not only because of its low cost, but also for reasons that niacin

is the only lipid lowering drug shown to reduce total mortality (43, 49).
1.3. NIACIN (NICOTINIC ACID)

Nicotinic acid is an effective and inexpensive drug for the treatment of patients with
hypercholesterolemia. Niacin therapy has been found to be effective in lowering serum
total cholesterol, LDL-cholesterol and VLDL-cholesterol as well as triglycerides (49-52).
The use of niacin as a drug was established when the ability of nicotinic acid to
significantly lower serum cholesterol in man was discovered in the early 1950s (30).
Although usually considered an essential nutrient, niacin exerts pharmacological effects
to lower serum lipid concentrations when consumed in large amounts. The Canadian
Recommended Nunriém Intake (RNI) for niacin is 7.2 mg (or niacin equivalent) per

1000 kcal per day. The doses necessary to achieve pharmacologic effects are usually



in the range of 2-4 g daily. This drug is particularly important in increasing serum
HDL concentrations (50-52). These changes are known to reduce the risk for the
development of coronary heart disease. The treatment with niacin has also been shown
to significantly lower the incidence of definite nonfatal myocardial infarction (53).
Furthermore, the lipid lowering action of niacin has been clinically tested in conjunction
with diet and other drugs including cholestyramine, colestipol, clofibrate and lovastatin

(54-57). A detectable synergistic effect has been observed in these studies.

In view of its beneficical effects, niacin has been increasingly the choice of drug by
many clinicians and patients for the treatment of hypercholesterolemia. However, the
potential risks of the use of high doses of niacin has not been critically considered in
the same way as has the use of other lipid-lowering drugs. Niacin is excreted as
methylated pyridones (58, 59,). With these metabolites, methylation is formed by a
simple methyl transfer reaction in which S-adenosylmethionine is the methyl donor.
Niacin is water soluble, it is not stored in the body beyond its tissue saturation level.
Since niacin excretion is dependent upon methionine, an essential amino acid, an excess
intake of niacin may increase the requirement of methionine. Therfore, it is important

that the interaction between niacin and the amino acid is examined.

1.3.1. Biosynthesis of Niacin

Niacin (Nicotinic acid) is a generic description for pyridine 3-carboxylic acid (nicotinic
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acid) and pyridine 3-carboxamide (nicotinamide). In addition to dietary intake, niacin
is available through synthesis in the body from tryptophan, an essential amino acid (Fig
1.1). The conversion factor of 1 mg of niacin for 60 mg of tryptophan has been
suggested (60, 61). The first step in the metabolic pathway is the conversion of
tryptophan to N'-formylkynurenine.  The conversion of tryptophan to N'-
formylkynurenine is caialyzed by an enzyme called ryptophan pyrrolase (L-tryptophan
2,3,-dioxygenase). This enzyme is harmoniously induced by glucocorticoids and
tryptophan itself (62). It is the rate limiting enzyme in the sequence when not induced.
As shown in the Figure 1.1, there are a number of competing pathways for the
formation of nicotinic acid. 3-hydroxyanthranilic acid is the most immediate precursor
for nicotinic acid. The enzyme quinolinate phosphoribosyltransferasc converts

quinolinic acid to nicotinic acid mononucleotide by simultaneous decarboxylation (63).

The pathway from tryptophan to niacin is sensitive to a variety of nutritional, hormonal,
and pathological alterations, as well as the iatrogenic effects of drug therapy. The most
important of these is vitamin B,. When animals are depleted of this vitamin, a
disturbance in the tryptophan pathway after tryptophan loading has been demonstrated
in rats (64-68). Quinolinic acid excretion increases after a tryptophan load in vitamin
B,-deficient humans (68) and 3-hydroxyanthranilic acid is also said to be elevated in
humans on a vitamin B,-deficient diet (69). Cases of pellagra have been reported in

subjects with isoniazid therapy, which responded to combined vitamin B, and niacin
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treatment (70). Penicillamine has been demonstrated to inhibit the tryptophan niacin
pathway in humans (71, 72), and this may be due to the copper chelating effect, though

vitamin B binding could also be responsible.

Nicotinic acid functions in the body after conversion to either nicotinamide adenine
dinucleotide (NAD) or nicotinamide adenine dinucleotide phosphate (NADP).
Condensation of nicotinic acid and phosphoribosyl pyrophosphate forms nicotinate
ribonucleotide, a key intermediate in the péthway of NAD biosynthesis. Nicotinate
ribonucleotide subsequently acquires an adenylic acid group from ATP in a reaction
catalyzed by NAD pyrophosphorylase to form desamide-NAD. Addition of an amide
group from glutamine to the nicotinic acid portion of the molecule completes the
synthesis of NAD. The later can be phosphorylated at the 2 position of the ribose ring
to NADP. Both NAD and NADP can be reduced to give NADH and NADPH,

respectively, in oxidation-reduction reactions (73).

Nicotinamide is produced from hydrolysis of excess NAD by NADase (NAD hydrolase)..
Nicotinic acid can be formed from nicotinamide by the action of a deaminase. An
important fact about the reactions involved in mammalian NAD biosynthesis is that no
known enzyme can convert nicotinic acid directly to nicotinamide. The amide form of
niacin (nicotinamide) arises only from degradation of NAD. Thus although
nicotinamide is the form of niacin biologically active in the coenzyme function of NAD,

both nicotinic acid and nicotinamide can function as vitamins for NAD biosynthesis.
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However, nicotinamide must be converted back to nicotinic acid prior to incorporation

into NAD because no pathway exists for direct incorporation of nicotinamide into an

NAD precursor or into NAD itself (73).

The NAD participates in a wide array of oxidation-reduction reactions catalyzed by
dehydrogenase or oxido-reductase enzymes. Virtually every aspect of cellular
metabolism involves NAD/NADH or NADP/NADPH-linked systems. In the absence
of sufficient supplies of niacin precursors for NAD biosynthesis, cellular functions and

life itself would be impaired. Thus niacin is a critical nutrient for living species (73).

1.3.2. Metabolism

When dietary sources are pyridine nucleotide, NAD is quickly digested by the action
of a pyrophosphatase present in the intestinal contents. The resulting nicotinamide
ribonucleotide is then rapidly hydrolysed to nicotinamide riboside which accumulates
in the lumen of upper small intestine (74-77). The accumulated amide is hydrolysed.
to nicotinic acid within hours by the action of bacterial nicotinamidase (78). The
nicotinic acid is then transported to the liver, where it is converted to NAD (79). The
rate limiting digestion step is the release of nicotinamide from nicotinamide riboside

(NR) by hydrolysis or phosphorolysis or both under the influence of mucosal enzymes.

Biosynthesis of nicotinic acid from tryptophan does not result in free nicotinic acid, but
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rather is utilized directly to form nicotinic acid nucleotide. Preformed nicotinic acid is
converted to nicotinic acid mononucleotide which reacts with ATP to form nicotinic
acid adenine dinucleotide plus pyrophosphate. The nicotinic acid adenine dinucleotide
is then converted to nicotinamide adenine dinucleotide with ATP and glutamine (79).
The NAD further degrades to form AMP & nicotinamide mononucleotide and
nicotinamide adenosine diphosphate ribose. The pyrophosphatase yield nicotinamide
mononucleotide and nicotinamide mononucleotide glycohydrolase yields free
intracellular nicotinamide (80). The NAD glycohydrolases, which convert NAD to
nicotinamide and adnosine diphosphate ribose, are a group of enzymes that have
assumed major importance in molecular biology. These enzymes form poly-ADPR and

in so doing influence metabolism of DNA widely.

Mostly tissues take up nicotinic acid by simple diffusion and metabolic trappings except
the facilitated diffusion into erythrocytes (81). The level of free nicotinic acid in plasma
reaches a peak value between 30 and 60 minutes after ingestion of a single dose of 1
g (82). Plasma nicotinic acid is rapidly taken up by the liver & erythrocytes and is
converted to NAD (79). NAD glycohydrolase then releases the pyridine nucleus as
nicotinamide, which is the precursor of NAD in other tissues (83). Most mammalian
cell lines can utilize either nicotinic acid or nicotinamide for synthesis of NAD, though

some can utilize only nicotinamide (83).

All tissues can incorporate nicotinamide into NAD and actually prefer nicotinamide to
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nicotinic acid. Nicotinamide is main circulating form of the vitamin (84, 85). In the
liver nicotinic acid is incorporated into NAD, which is then broken down into
nicotinamide. It is been postulated that nicotinamide in extracellular fluid controls
tissue levels of NAD and plasma nicotinamide is regulated by the release of NAD from
storage of NAD in liver. The nicotinamide phosphoribosyl transferase, which catalyzes
the first reaction of this sequence is influenced positively by ATP and negatively by
NAD (86). None of these controls is very effective in the liver and this may account
in part for the observed toxicity of nicotinamide. The toxicity could be the result of
depletion of cellular ATP and/or PRPP used in NAD synthesis (87). Suppression of
DNA synthesis and inhibition of -RNA methylation in the liver have been suggested
as explanations for the toxicity of nicotinamide at levels of 5-10 m mol per kg of body

weight, the dose required to stimulate NAD synthesis in rats and mice (88).

Metabolites of NA found in the urine are mainly the products of catabolism of the
pyridine nucleotide which are stored forms of the vitamin (59). The primary source of
metabolism is via methylation to N'-methylnicotinamide (MNA) which is further
oxidized to N'-methyl-2-pyridone-3-carboxamide, and N'-methyl-4-pyridone-3-
carboxamide (59, 60). For doses of 1 g or less, the major product is N'-methyl-2-
pyridone-5-carboxamide. At increasing doses, nicotinuric acid and N'-
methylnicotinamide become the dominant excretory products (89). Atadose of 100 mg
nicotinamide/kg, relatively higher amounts of metabolites are recovered in urine as N'-

methylnicotinamide, N'-methyl-2-pyridine-5-carboxamide and N'-methyl-4-pyridine-3-
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carboxamide (90).

1.3.3. Hypolipidemic Actions of Nicotinic Acid

Nicotinic acid is used as the first line of treatment for most lipidemias after dietary
measures fail. Nicotinic acid, with its beneficial effects on VLDL-Tg, LDL-C and
HDL-C levels could be used for most forms of hyperlipidemia. Significant decreases
in serum total cholesterol, triglycerides and LDL-cholesterol have been observed in
hyperlipidemic patients following nicotinic acid therapy (49, 91, 92). Itis particulary
useful in patients who have elevated plasma VLDL-Tg levels and depressed levels of
HDL-Cholesterol. Niacin treatment decreases VLDL-triglycerides and LDL-cholesterol
along with an increase in the levels of HDL-cholesterol (91-93). Prolonged niacin
therapy also mobilizes cholesterol from peripheral tissues. In the Coronary Drug
Project, a long-term, nationwide double blind placebo-controlled study, nicotinic acid
significantly lowered the incidence of definite nonfatal MI as well as fatal or nonfatal
cerebrovascular events than placebo group. Further more niacin has been shown to
significantly decrease serum total cholesterol (15%), triglycerides (27%), and LDL-C

(36%) along with significant increase in HDL (23%) in five healthy subjects (48).

Niacin has been reported to be more effective for cholesterol management when used
in conjunction with other lipid-lowering drugs. A combination of nicotinic acid and bile

acid-binding resin, such as colestipol, reduced total cholesterol by 34%-45% and LDL-C
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by 45% to 55% in patients with heterozygous familial hyperlipidaemia (94-96). In
another clinical trial, addition of 3 g nicotinic acid daily to type II hyperlipidemic
patients treated with 2 g neomycin, further lowered total cholesterol and LDL-C by 18%
and 25% respectively and raised the levels of HDL-C by 32% (97). Also a triple

regimen of colestipol-lovastatin-Nicotinic acid was even more effective in lowering total

cholesterol, triglyceride and LDL-C levels (98).

The lipid-altering ability is not shared by nicotinamide and seems to be unrelated to the
role of nicotinic acid as a vitamin in the NAD and NADP coenzyme system. Nicotinic
acid is available in 100, 125, 250 and 500 mg tablets, as well as in a time release form
(53). The typical dosage of nicotinic acid is 3-7 g daily; therapeutic effects of the drug
usually are not manifested until the patients reaches a total daily dose of at least 3 g
(53). Once the initial maintenance dose is reached, it is important to evaluate the
therapeutic effects by measuring plasma lipoprotein values. If the therapeutic effects
are unsatisfactory, the dose should be increased by a further 1.0 to 1.5 g per day, to a

maximum of 7-8 g daily as needed (53).

1.3.4 Mechanisms of Hypocholesterolemic Action of Nicotinic acid

The beneficial effects of nicotinic acid in the treatment of hyperlipidemia have been
suggested as a result of (i) inhibition of lipolysis in adipose tissue, (ii) Inhibition of

VLDL Secretion, (iii) Increased Biliary Lipid Output, (iv) Increase in HDL,
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concentrations, and (v) Lowering of lipoprotein(a)

Inhibition of Lipolysis in Adipose Tissue : Pharmacological doses of nicotinic acid
decreases mobilization of fatty acids from adipose tissue by inhibiting the breakdown
of triglycerides through lipolysis (99). Adipose tissue lipolysis is regulated by the c-
AMP system. Elevated levels of c-AMP activate a protein kinase that phosphorylates
a hormone-sensitive lipase to catalyze triglyceride hydrolysis (73). Guanine nucleotide-
linked G-protein system regulates cellular c-AMP levels by interacting with adenyl
cyclase. In fat cells, G-proteins function as transducing elements for receptors that are
either stimulatory (R,) or inhibitory (R;). Antilipolytic agents such as adenosine,
prostaglandins E, and nicotinic acid bind inhibitory receptors, which interact with the
inhibitory G-protein. These interactions inhibit adenyl cyclase and therefore, decreased
mobilization of fat from adipose tissue (100, 101). A molecular mechanism of
antilipolytic effect of nicotinic acid has also been proposed (102, 103). Nicotinic acid
binds to specific inhibitory receptor on plasma membrane adipocytes, which forms a
complex with the inhibitory G-protein. In the presence of GTP, the protein dissociates
into alpha and beta-gamma subunit moieties, as well as dissociates from the receptor.
The resulting G-protein decreases c-AMP by inhibiting adenyl cyclase. Decreased c-

AMP activity leads to deceased lipase activity and therefore decreased breakdown of fat.

Nicotinic acid can also interact with adenylate cyclase directly, rather than indirectly

through G-protein receptor complex (102, 103). Measurements of nicotinic acid binding
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to adipocyte plasma membrane fractions and characterization of the hypothesized protein

receptor are needed to clarify the mode of action of nicotinic acid on lipolysis (73).

Inhibition of VLDL Secretion : Nicotinic acid decreases synthesis of VLDL production
in hyperlipidemic patients (49). The antilipolytic effect of nicotinic acid in adipose
tissue is thought to be due to reduced hepatic VLDL synthesis, thereby limiting overall
assembly and secretion of VLDL from the liver (73). Free fatty acids released from
adipose tissue serve as the major precursors for the synthesis of VLDL-Tg, a major
carrier of endogenous triglycerides (53, 104). Nicotinic acid decreases fatty acid release
from adipose tissue and therefore reduction in hepatic synthesis of VLDL due to
decreased uptake of free fatty acids by the liver (104). Since the majority of LDL is
produced by the catabolism of VLDL (53). A decreased synthesis and secretion of

VLDL by the liver (73) may lead to the lack of availabiiity of VLDL for catabolism,

thus reduced production of LDL.

However, variations in the extent of inhibition of lipolysis by nicotinic acid suggest that.
this is not the only mechanism of reduction of VLDL by nicotinic acid (99). Other
possible explanations are increased hepatic clearance of IDL, therefore decreased
conversion of IDL to LDL and decreased VLDL-independent synthesis of LDL (53).
A number of studies in animals and humans have shown that nicotinic acid inhibits
endogenous synthesis of cholesterol (105). In humans, incorporation of radioactive

acetate into mevalonic acid was decreased during nicotinic acid therapy, suggesting
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inhibition of cholesterol biosynthesis at the level of HMG-CoA reductase (106).

Results also support the inhibition of synthesis of apolipoprotein-B during nicotinic acid
treatment. Apolipoprotein B-100 (apo B) is the major protein component of VLDL.
In monkeys, the incorporation of labelled amino acids into the protein fraction of VLDL
was decreased after nicotinic acid treatment (107). Isotope of studies in humans have
demonstrated the decreased turnover of protein moiety of LDL following nicotinic acid
treatment (108, 109). These results support an inhibition of the synthesis of
apolipoprotein-B during nicotinic acid treatment. The mechanism by which this

inhibition is accomplished has not been studied (73).

Increased Biliary Lipid Output : Nicotinic acid increases biliary cholesterol output (49,
110, 111). Biliary cholesterol is derived from both de novo synthesis in the liver and
a pre-formed hepatic cholesterol pool (112). It is possible that niacin increases biliary
cholesterol output either by increasing HMG-CoA reductase or by inhibition of ACAT
activity, but this is unlikely as such an effect would increase serum cholesterol
concentrations as well (112). It is been suggested that biliary cholesterol and
phospholipid output is controlled by intracellular second messenger (112). Membrane-
permeable cyclic AMP analogues and forskolin (adenylate cyclase stimulator) produce
a sustained reduction in biliary bile acid output (113). As niacin reduces cyclic AMP
concentrations in adipose tissue (73, 114, 115), it is tempting to speculate that niacin

similarly decreases cyclic AMP concentrations in the liver (110). Such an effect would
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be expected to increase the biliary output of cholesterol from pre-formed sources.

Increase in HDL, concentrations : The HDL (gge) subclasses were recently shown to
be strong determinants for the severity as well as the progression of coronary
atherosclerosis in survivors of myocardial infraction (116). A highly significant
correlation was found between plasma levels of HDL-2b protein and the degree of
coronary atherosclerosis. In contrast, HDL-3b correlated positively with progression of
coronary atherosclerosis. Blum gt. al. (117) and Shepherd gt, al. (50) have indicated
that nicotinic acid raises the HDL,/HDL, ratio. In a recent study, it has been found that
4 g nicotinic acid daily after 6 weeks had increased the concentration of HDL,

cholesterol on an average by 180%, while that of HDL, remained unchanged.

The exact rﬁechanism related to the increase in HDL, is not known, but it is speculated
that nicotinic acid inhibit catabolism of HDL, by decreaseing hepatic lipase activity.
It has been suggested that hepatic lipase is instrumental in coverting HDL, to HDL,
(118) and marked accumulation of HDL, along with virtually no HDL,, was observed
in two subjects with hepatic lipase deficiency (119). The findings of Shepherd et. al.
(50) support the probability that nicotinic acid, in fact, reduces the catabolism of HDL.
Acipimox [5 methylpyrazine carboxylic acid], closely related compound to NA, has

been shown to decrease hepatic lipase activity after long term treatment (120).

Lowering of lipoprotein(a) : Elevated plasma levels of Lp(a) are considered to be an
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independent risk factor for the development of cardiovascular disease (121, 122).
Lipoprotein(a) is regarded as a particularly atherogenic lipoptotein and has been
identified in atherosclerotic lesions by immunocytochemical techniques (123). The
ability of nicotinic acid therapy to decrease serum levels of Lp(a) is distinctive among
antihyperlipidemic drugs (73). Recent clinical studies have indicated that nicotinic acid
therapy decreased serum levels of lipoprotein(a) (124). Nicotinic acid at a dose of 4
g per day administered to hyperlipidemic patients for 6 weeks decreased serum Lp(a)
levels by an average of 38% (124). There was a linear relationship between the percent
decrease of Lp(a) and the diminution in LDL cholesterol levels. The authors suggested
that nicotinic acid may act by inhibiting the synthesis of apo(B), since this is the
common component of both Lp(a) and LDL (124). Bylcomrast a study with new HMG-

CoA reductase inhibitors lovastatin and simvastatin showed average 33% elevation of

serum Lp(a) levels (125).
1.3.5. Adverse Effects of Nicotinic Acid

Niacin is a well-established agent for lowering circulating lipid concentrations and has
been associated with a reduced risk of cardiovascular morbidity in clinical trials.
However, the potential risks of use of large doses of niacin have not been critically
considered in the same way as far the use of other lipid-lowering drugs. Its only
consistent deleterious effect in high doses has been cutaneous flushing and/or itching.

Flushing occures in most people with as small as 100 mg orally (126). Previous studies
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have shown that niacin-induced vasodialtion can be greatly attenuated by pretreatment
with cycloxygenase inhibitors (127), implicating a role for prostaglandins. However
prostaglandins responsible for the vasodilation were not clearly established until it was
shown that ingestion of niaicn in humans selectively resulted in 400 to 800 times
increases in the endogenous release of prostaglandins (PG)D,, a potent vasodilator (126).
These findings implicated that PGD, as the mediator responsible for niacin induced
vasodilation. The site from which PGD, is released was not known (126). Authors
suggested that the origion of PGD, is unlikely to be mast cells because the release of

PGD, after ingestion of niacin is not accompanied by a release of histamine.

Furthur, Morrow et. al. (126) investigated whether nicotinic acid activates a cell or cells
in human skin to release PGD, from the site of application. They found that indeed
topical methylnicotinate evoked a release of large quantities of PGD, from the site of
application in a dose dependent fashion. Therefore they concluded that some cell(s) in
skin is activated by ﬁiacin to produce PGD,. Further examination revealed that
extremely high concentratios of PGD, (several thousand pg/ml) were detected in.
superficial venous blood draining skin following oral ingestion of niacin; comparatively
trivial quantities (14 to 1200 times less) were present in arterial circulation supplying
the skin. These results indicated that the skin is a major site from which PGD, is
released following administration of niacin and that the flush reaction following oral
ingestion of nicoinic acid results form a local release of PGD, in skin . Although the

cell in the skin that is activated by nicotinic acid to release PGD, is not known. High
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selectivity of the cell present in skin for the release of PGD, after oral niacin would
suggest that cell is unique to skin and is not found in other tissues or cell in skin is

funtionally different than its counterparts present in other organs (126).

This unpleasant side effect is often diminished with long-term use and can be partly
mitigated by slowly incrementing the dose, ingesting the drug with food, avoiding hot
drinks at the time of ingestion. The use of nicotinic acid in diabetic patients often
necessitates adjustments in dosage of hypoglycaemic agents and requires close
monitoring of diabetic status (53). Because nicotinic acid may produce hyperglycaemia
and impaired glucose tolerance, even in nondiabetic patients, and a loss of diabetic
control may counteract the lipid-altering effects of the drug (128). Isolated reports (129-
131) have indicated that niacin in large doses may be hepatotoxic. The signs include

clinical cholestatic jaundice association with delayed bromosulphthalein clearance.

1.4. CONCLUSION AND OBJECTIVES OF THE PRESENT STUDY

As explained earlier the main urinary metabolites of niacin are N'-methylnicotinamide
(MNA), N'-methyl-2-pyridone-5-carboxamide, and N'-methyl-4-Pyridone-3-Carboxamide
(60). With these metabolites the N'-methylation is formed by a simple methyl transfer
reaction in which S-adenosylmethionine is the methyl donor. The transfer of methyl
group is catalyzed by methyl transferase for which cobalamin (vitamin B;,) as

methylcobalamin is a cofactor.
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Niacin is water soluble, it is not stored in the body beyond its tissue saturation level.
Since its excretion is dependent upon methionine and vitamin B,,, an excess intake of
niacin may raise the requirement of these nutrients. Consequently, the increased
requirement of methionine for niacin excretion, may lead to deficiency of cysteine, as
cysteine is a metabolic product of methionine metabolism via transsulfuration pathway
(Figure 1.2). The sequences of methionine catabolism produces cysteine. Methionine
is metabolized by transmethyation and transsulfuration pathways (132). Methionine, as
S-adenosylmethionine is convert‘cd to S-adenosylhomocysteine.  Cleavage of
adenosylhomocysteine leads to the formation of homocysteine. Homocysteine is either
remethylated to methionine or is condensed with serine to ’form cystathionine. The
salvage of homocysteine to methionine is either catabolyzed by betaine-homocysteine
methyl transferase or 5-methyltetrahydrofolate-homocysteine methyltransferase

(methionine synthase) (132). Methionine synthase requires 5-methyltetrahydrofolate as

methyl donor and vitamin B,, as cofactor (133).

The synthesis of cystathionine involves the enzyme cystathionine B-synthase. Notably .
this enzyme requires pyridoxal 5-phosphate, the biological active form of vitamin By,
as cofactor (133). Cystathionine is cleaved by enzyme Y-cystathionase to cysteine.
Also this enzyme requires pyridoxal 5-phosphate for its activity. ?Y-cystathionase
completes the conversion of methionine to cysteine (134). Therefore, it is logical to

examine the effect of mega doses of nicotinic acid on methionine metabolism and its

consequences.
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1.4.1. HYPOTHESIS

It is hypothesized that the consumpticn of large doses of niacin affects methionine
metabolism, leading to a cysteine deficiency and that the concurrent supplementation
of niacin and vitamin B, lowers blood cholesterol without causing an alteration in

methionine metabolism. Using the rat as a model, this hypothesis was tested with the

following objectives:

1. Does the administration of niacin in large doses lead to an interruption of
methionine degradation to cysteine ?

2. Whether the alteration in methionine metabolism affects vitamins. These
vitamins include vitamin B,, , B¢ and folic acid ?

3. If any of the vitamins is of concern, does its supplementation prevent niacin
associated alteration in cysteine synthesis without affecting the hypolipidemic

action of niacin.
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MATERIAL AND METHODS

2.1. ANIMALS AND DIETS

Male Sprague-Dawley rats (University of Alberta), weighing 120-150 g, were used
throughout the study. They were individually housed in stainless steel metabolic cages
in a well-ventilated room maintained at 21 + 2°C and were on a 12-hour light-dark
cycle. All animals were fed a pellet diet (wayne rat chow, Allied Mills Inc.) for a week
before being fed an experimental semi-synthetic diet (Table 2.1). The protocol was

approved by the animal welfare committee.

After a run-in period, the animals were randomly divided into three groups (Figure 2.1)
of six each. Group 1 was fed a semi-synthetic diet containing physiological levels of
niacin (Table 2.1) and used as controls (diet A). Groups 2 and 3 were fed a diet
containing niacin at two dose levels : 400 mg (diet B) and 4000 mg (diet C) per kg diet
in addition to control diet, respectively. All animals had free access to water and their
respective diets for a period of 3 weeks. In addition, three groups of animals of six
each, were fed diets A and C without or with vitamin B, supplementation (10 mg
vitamin B6 per kg diet), respectively for a period of 6 weeks. Body weight of these

animals and daily food intake were recorded once a week throughout the study periods.

At the end of the appropriate experimental period, the animals were fasted for 12 hours
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Table 2.1

Composition of The Semi-synthetic diet

Ingredient (g/Kg)
Casein (vitamin free) 200
Starch (corn) 648
AIN Vitamin mixture* 10
AIN Mineral mixture** 30
Cellulose 50
DL-Methionine 2
Corn oil 60

*Vitamin mixture : vitamin A acetate (500,000 IU/g) 19.8 mg; vitamin D, (850,000
IU/g), 1.38 mg; vitamin E acetate (500 IU/g), 110 mg; ascorbic acid 495
mg; Inositol 55 mg; choline bitrate 2227 mg; menadione 24.75 mg; p-
aminobenzoic acid 55 mg; niacin 46.75 mg; riboflavin 11 mg; pyridoxine
HCI 11 mg; thyamine HCI 11 mg; D-calcium pantothenate 33 mg; biotin
0.22 mg; folic acid 0.99 mg; vitamin B,, 0.0149 mg.

**Mineral mixture : calcium phosphate diabasic, 15 g; sodium chloride, 2.22 g;
potassium citrate monohydrate, 6.6 g; potassium sulfate, 1.56 g; magnesium
oxide, 0.72 g; manganous carbonate (43-48% Mn), 0.105 g; ferric citrate
(16-17% Fe), 0.18 g; zinc carbonate (70% ZnQO), 0.048 g; cupric carbonate
(53-55% Cu), 0.009 g; potassium iodate, 0.0003 g; sodium selenite, 0.0003
g; chromium potassium sulfate, 0.0165.



Figure 2.1.

Experimental design of the study

Male Sprague Dawley Rais

Diet A Diet B Diet C Diet A Diet C Diet D

Diet A : Control (Table 2.1)
Diet B : Control diet + 400 mg niacin/kg diet
Diet C : Control diet + 4000 mg niacin/kg diet

Diet D : Control diet + 4000 mg niacin/kg diet + 10 mg vitamin By/kg diet
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and sacrificed using CO, chamber. Two twenty-four hour urine samples were collected
from each animal just before killing, in both experiments. Blood was collected through
cardiac puncture in heparinized tubes and plasma was sepzrated by centrifugation (3000
rpm for 10 min at -4°C) within half an hour after collection. The livers were quickly
removed, excised, weighed and frozen immediately in liquid nitrogen. The separated

plasma and liver samples were stored at -40°C until analyses.

2.2. DETERMINATION CF PLASMA TOTAL CHOLESTEROL

Using Sigma Diagnostics kit (#352), plasma total cholesterol was determined

enzymatically as described by Allain et al. (135). The test principle reactions are as

follows :
Cholesterol
Cholesterol Esters + H,0 Cholesterol + Fatty acids (Eq 1)
Esterase
Cholesterol
Cholesterol + O, Cholest-4-en-3-one + H,0, (Eq 2)
Oxidase

2H,0, + 4-Aminoantipyrine + p-Hyrdoxybenzensulfonate

Peroxidase

Quinoneimine dye + 4H,0 (Eq 3)
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Cholesterol esters present in the sample were hydrolyzed to cholesterol by cholesterol
esterase (Eq 1). The cholesterol produced by hydrolysis is oxidized by cholesterol
oxidase to cholest-4-en-3-one and hydrogen peroxide (Eq 2). The hydrogen peroxide
produced is then coupled with the chromogen, 4~aminoantipyrine and p-
hydroxybenzenesulfonate in the presence of peroxidase to yield a quinoneimine dye (Eq
3), which has an absorbance maximum of 500 nm. The intensity of color produced is

directly propertional to the total cholesterol concentrations in the sample.

2.3. DETERMINATION OF PLASMA TRIGLYCERIDES

Triglyceride concentrations in plasma samples were measured by using an enzymatic
colorimetric method Sigma Diagnostics kit (# 352) as described by Bucolo and David
(136). The enzymatic reactions involved in the assay are as follows:

Lipoprotein lipase
Triglycerides Glycerol + Fatty Acids (Eq 4).

Glycerol Kinase ~
Glycerol + ATP G-1-P + ADP (Eq 5).

G-1-PDH
G-1-P + NAD DAP + NADH (Eq 6).

Diaphorase
NADH + INT Formazan + NAD* (Eq 7).
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Triglycerides were first hydrolyzed by lipoprotein lipase to glycerol and free fatty acids
(Eq 4). Glycerol is then phosphorylated by adenosine-5-triphosphate (ATP) to form
glycerol-1-phosphate (G-1-P) and adenosine-5-d-phosphate (ADP) in a reaction
catalyzed by glycerol kinase (Eq 5). The G-1-P is oxidized to dihydroxyacetone
phosphate (DAP) with a concomitant reduction of nicotinamide adenine dinuclotide

(NAD) to NADH in a reaction catalyzed by glycerol-1-phosphate dehydroxygenase (G-

1-PDH) (Eq 6).

In a subsequent step the NADH is oxidized with the simultaneous reduction of 2-(p-
iodophenyl)-3-p-nitro-phenyl-5-phenyltetrazolium chloride (INT) to formazan (INTH)
in the presence of diaphorase. The resulting formazan is highly colored and has an
absorbance maximum at 500 nm. The intensity of color produced is directly

proportional to the triglycerides concentration of the sample.

2.4. DETERMINATION OF PLASMA HDL-CHOLESTEROL

HDL-cholesterol was assayed enzymatically using Sigma Diagnostics kit (procedure #
352-4), in which HDL-cholesterol was measured as cholesterol after the precipitation
of the LDL and VLDL fractions. Phosphotungistic acid in conjunction with MgCl, was
used to precipitate LDL and VLDL fractions of serum, leaving the HDL fraction in
solution. Cholesterol concentration in HDL fraction was then determined as explained

earlier.



2.5. DETERMINATION OF LDL CHOLESTEROL

The cholesterol content of LDL was determined indirectly using the method described
by Frildwald et al. (137). This method requires the measurement of plasma total
cholesterol, triglycerides and HDL-cholesterol concentrations. The following formula

was used to calculate the plasma content of LDL-Cholesterol in mmol/litres (Eq 8)

LDL -Cholesterol = Totak-C - TR pipy cpgesterol (Eq 8)

This formula is based on the assumption that VLDL-C approximates triglycerides in
plasma divided by 2.2. This equation, however cannot be applicable to plasma samples
from subjects with plasma triglycerides concentration exceeding 400 mg/100 ml. This
restriction appeared not to be present in the plasma samples meaured in the present

study, thus the obtained values can be considered reliable.
2.6 EXTACTION OF LIVER LIPIDS

Liver lipids were extracted from approximately 0.5 g portions as described by Folch et
al (138). Liver samples were homogenized with 2:1 chlorofom:methanol (v/v) solution.
Filtered the homogenate and the layers were splite by the addition of adequate amount
of 0.1 mM KCl solution. The lower phase containing lipids was collected, dried and

diluted to required volume.
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2.7. DETERMINATIONS OF PLASMA AND URINARY METHIONINE,

CYSTEINE AND HOMOCYSTEINE

Plasma and urinary free methionine, cysteine and homocysteine were analyzed by the
method of Jones and Gilligan (139), which utilizes o-phthaldialdehyde as a precolumn
derivatizing agent. Aliquotes of standards and unknown samples were mixed 1:1 with
the fluoraldehyde reagent prior to injection. The fluoraldehyde reagent was prepared
by dissolving O-phthaldialdehyde in methanol followed by the addition of

mercaptoethanol, sodium borate and brij 35.

Chromatography System: Separation and quantification of amino acids were achieved
by using a Varian 5000 high performance liquid chromatograph and a Varian
Fluorichrom detector (Exication 340 nm, emission 450 nm). Plasma and urine samples
were mixed 1:1 with the fluoroaldehyde reagent prior to injection into a Supelcosil 3
micron LC-18 reverse phase column (4.6 * 150 mm; supelco) equipped with a guard
column ( 4.6 * 50 mm) packed with supelco LC-18 reverse phase packing (20-40 um).
Gradients were formed between two degassed solvents.  Solvent A was.
tetrahydrofuran:methanol:0.1 M sodium acetate (pH 7.2) (5:95:900) and solvent B was

methanol. The flow rate was maintained at 1.1 mL/min.

Peaks were identified with reference to the retention times of standard amino acids

injected separatly. The peak areas of known concentraitions of amino acids were
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recorded and integrated using a Shimdzu Ezchrom Chromatography Data Sysiem.
AGPA was used as the internal standard to account for injection variations. The
linearity of response was estimated by injecting different concentrations of derivatized
amino acids and constructing regression equations of fluoroscence response-
concentration curves. The within run precision at different concentrations was estimated
by injecting different volumes of derivatization standards in replicates and the between-
run precision by analyzing aliquotes of the same standard on different days. The
accuracy of measurement was tested by adding known quantities of amino acids o the
plasma and calculating the percentage of recovery. All samples were analyzed in

duplicate.
2.8. DETERMINATION OF PLASMA VITAMIN B,, AND FOLIC ACID

Plasma vitamin B,, and folic acid were determined by using commercially avajlable
Dualcount solid phase boil assay kit (Inter Medico, Markham, Ontario). Vitamip B,
and folic acid present in the sample were released from the carrier proteins by
incubation at 100°C in the presence of dithiothreitol and potassium cyanide to inactivale
intrinsic factor antibodies and even the most extreme levels of vitamin R;. transport
proteins. Addition of purified hog intrinsic factor and purified beta lactoglobulin served
as the binders for vitamin B,, and folic acid respectively. The unlabeled vitamin B,
or folate competes with its labeled species for the limited number of available bipding

sites on its specific binder, thus reducing the amount of labeled vitamin B, or fplate
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bound. Vitamin B,, analogs do not interfere, since the binder is free of R-protein.
Moreover, the reaction takes place at a pH 9.3 where added intrinsic factor is fully
active and the folic acid binder has equal affinity for metyltetrahydrofolate (MTHF), the
main form of folic acid in circulation. After an adequate incubation period, isolation
of the bound fraction is achieved by centrifuging and decanting. Counts in the
precipitate are then converted by comparison with a calibration curve into vitamin B,
and folic acid concentrations. The level of radioactivity bound is inversely related to the

concentration in the sample or standard.

29. DETERMINATION OF VITAMIN B6é6 (PLASMA PYRIDOXAL S5

PHOSPHATE).

Plasma pyridoxal-5'-phosphate (vitamin B,) was determined using a commercially
avialable radioassay kit (Buhlmann Laboratories AG, Switzerland) as a modification of
the method described by Shin et al (140). The principle of the assay involves the
decarboxylation of ‘H-tyrosine by the vitamin B, dependent enzyme tyrosine
apodecarboxylase to *H-tyramine. The activity of this tyrosine apodecarboxylase is
quantitatively dependent on the amount of pyridoxal -5'-phosphate (vitamin B,) present
in the reaction mixture. The *H-tyramine thus produced is selectively extracted in the
scientillation cocktail. The excess of *H-tyramine remains in the aqueous phase- and is

measured by liquid scintillation counting.
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2.10. DETERMINATION OF CREATININE

Urinary creatinine was measured using the procedure explained by Digiorgio (141), which

involves the quantitation of the red pigment alkaline creatinine picrate.

2.11. STATISTICAL ANALYSIS

Means and standard error of the means (SEM) were determined for all groups of animals.
Data were analyzed by using one-way analysis of variance (ANOVA). When significant
differences were detected, significant effects were furthur defined by using student-t and
multiple comparison test (142) were used to determine which mean values were

significantly different. In this present study, the level of significance considered was 0.05.
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RESULTS

3.1 ANIMAL GROWTH AND FOOD INTAKE FOLLOWING NIACIN INTAKE

Table 3.1 shows the effects of a semi-synthetic diet (diet composition in Table 2.1)
containing large doses of niacin (nicotinic acid) at two dose levels (400 and 4000 mg/kg
diet) on the body and liver weights of rats. Feeding these niacin supplemented diets for
three weeks resulted in 2 marked decrease in body weight gain compared to the animals
not given niacin supplementation. The decrease in body weight gain was found to be

dose-related and paralleled a reduction in food intake. Liver weight was also decreased

when niacin was given in large doses.

3.2 LIPID LEVELS FOLLOWING NIACIN TREATMENT

The effect of supplemental intake of niacin for three weeks on lipid status was
examined. Cholesterol, triglyceride, HDL-C and LDL-C concentrations in plasma and.
liver are shown in Table 3.2 and Table 3.3. Administration of niacin at a dose level of
either 400 or 4000 mg/kg diet above physiological dose levels resulted in significant
reductions of plasma total-cholesterol as well as triglycerides, compared with those of
the animals fed a diet containing physiological levels (46.8 mg/kg diet) of the vitamin.
Niacin supplementation also caused a reduction in plasma LDL-cholesterol. On the

other hand the HDL-cholesterol levels were increased. The decrease in LDL-cholesterol
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Table 3.1.

Effect of large doses of niacin on food intake and growth of animals.

Control Niacin (400 mg/kg) Niacin (4000 mg/kg)
Body weight gain (g) 75.15 = 3.29° 66.83 + 296" 59.87 + 2.08"
Food intake (g/day) 17.24 + 040° 1591 + 0.42° 1497 + 033"
Liver weight (g) 14.15 + 0.16° 13.90 + 0.56" 12.25 + 0.42°
Liver wt/Body wt X 100 478 + 0.08" 493+ 0.18 438 £0.11°

Each value is the mean + SEM of at least 6 animals. In each row values not sharing a
common superscript letter are significantly different at P < 0.05.
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Table 3.2

Effect of feeding high doses of niacin on plasma lipid profiles in rats.

TG HDL-C LDL-C
(mmol/L) (mmol/L) (mmoV/L)

TREATMENT ¢ T-C
(mmoV/L)

Control 244 + 0.03*

Niacin 223 +0.02®

(400 mg/kg)

Niacin 194 + 0.05°

(4000 mg/kg)

1.84 £ 002° 1.11=+001" 048005

161 £0.03° 129+002° 020004

130 £002° 124+003" 0.11 =004

Each value is the mean + SEM of 6 animals. In each column values not sharing a
common superscript letter are significantly different at P < 0.05.
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Table 3.3

Effect of Niacin on liver lipid concentrations

Treatment Total-C (mg/liver) TG (mg/Liver)
Control A 155 £3.61° 778 +4.7°
Niacin A 158 £ 332 66.5 + 39"
(400 mg/Kg diet)
Niacin B
(4000 mg/Kg diet) 18.6 £ 2.25° 532 +25°

Each value is the mean = SEM of at least 6 animals. In each column values not sharing
a common superscript letter are significantly different at P < 0.05.



43
respouse to niacin was dose related. This was not, however, the case with HDL-
cholesterol, which was significnatly increased at a 400 mg/kg diet level and this level

remained unaffected when the dose of the niacin was increased to 4000 mg/kg diet.

Similarly liver triglycerides were decreased following niacin treatment, but only at the
higher dose jevel (4000 mg/kg diet). Liver cholesterol levels were increased following

a high dose of niacin, athough difference was aot statistically significant (Table 3.3).

3.3 METHIONINE AND CYSTEINE LEVELS FOLLOWING NIACIN

TREATMENT

The effect of supplemental niacin on the plasma levels of the sulphur containing amino
acid including methionine and cysteine is shown in Figures 3.1-3.4. There was a
significant increase in methionine levels (Figure 3.1), while cysteine concentrations
decreased (Figure 3.3). The niacin associated changes in circulating levels of the amino
acids were reflected in their urinary metabolites. Thus, analysis of 24 hour urine
samples revealed an elevated excretary level of methionine (Figure 3.2) in niacin

supplemented animals, while cysteine excretion levels decreased (Figure 3.4).

3.4 PLAMA VITAMIN B,,, FOLIC ACID AND VITAMIN B, LEVELS

Since vitamin B,,, folate and vitamin B, are important factors involved in methionine



Plasma methionine {(umol'l)

Control Niacin (400 mg/kg) Niacin (4000 mg/kg)

Figure 3.1 Plasma methionine levels following niacin treatment

Plasma methionine concentrations at each point are group means +
SEM. Values without common superscript are significantly diffeerent
{p<0.05).
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Figure 3.2 Urinary methlonine excretion following niacin treatment

Urinary methionine concentrations at each point are group means + SEM.
Values without common superscript are significantly different (p<0.05).
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Plasma cysteine (umol/L)
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Control  Niacin (400 mg/kg) Niacin (4000 mg)

Figure 3.3 Plasma cysteine concentrations following niacin treatment

Plasma cysteine concentrations at each point are group means + SEM.
Values without common superscript are significantly different (p<0.05)
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Figure 3.4 Urinary Cysteine excretion following niacin treatment

Urinary cysteine concentrations at each point are group means + SEM.
Values without common superscript are significantly different (p<0.05)
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metabolism (Figure 1.2), and the responses of these vitarnins in plasma to niacin
supplementation were also examined. Administration of niacin did not induced any
applicable changes in vitamin B,, and folic acid status. However vitamin B; was
decreased significantly following niacin treatment, but only at high dose levels (Table
3.4). Subseqently another experiment was designed to examine, if vitamin B
supplementation reverses the niacin-associated altered methionine metabolism. This
was rationalized by the fact that methionine is catabolized to cysteine through a series
of reactions involving cystathionine -synthase and y-cystathionase enzymes, for which

PLP (pyridoxal-5'-phosphate), an active form of vitamin By is a cofactor (Figure 1.2).

3.5 SULPHUR AMINO ACID STATUS AFTER FEEDING NIACIN AND

VITAMIN B, TOGETHER.

The effect of giving niacin (4000 mg/kg diet) together with vitamin By (10 mg/kg diet)
for a period of six weeks on the plasma levels of suphur amino acids is shown in Figures
3.5-3.10. Supplementation with vitamin B, reversed the effects of niacin on the sulphur
amino acid status. Thus methionine concentrations were significantly elevated (Figure
3.5) while cysteine concentrations (Figure 3.7) were reduced in plasma of the animals
receiving only 4000 mg niacin/kg diet). These values were normalized when vitamin By
was administered along with niacin. The excretary values of the amino acids paralleled

that found in the plasma (Figure 3.6 and Figure 3.8).



Table 3.4

Effect of Niacin on plasma levels of vitamin B,,, folic acid and vitamin B
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Treatment Control Niacin Niacin

(400 mg/kg) (4000 mg/kg)
Vitamin B12 959.33 + 12.91° 956.17 = 9.37* 958.31 = 10.23*
(pg/ml)
Folic acid 31.83 £ 2.11° 29.50 + 2.48* 30.83 + 3.36°
(ng/ml)
Vitamin B6 533.94 + 6.21° 507.30 = 12.80° 398.97 + 8.09°
(ng/ml)

Each value is the mean SEM of at least 6 animals. In each row values not
sharing a common superscript letter are significantly different (p<0.05)
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Plasma methionine (umol/L)

Control Niacin (4000 mg) Vitamin B, (10 mg/kg)
+

Niacin (4000 mg/kg)

Figure 3.5 Plasma methionine following vitamin B, and niacin treatment

Plasma methionine concetrations levels at each point are group means +
SEM. Values without common superscripts are significantly different (p<0.05)
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Figure 3.6 Urinary methionine excretion following vitamin B and Niacin
treatment.

Urinary methionine concentrations at each point are group means + SEM.
Values without common superscrisis are significantly different (p<0.05).
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Plasma cysteine (umol/l)

12 1

Control Niacin Vitamin B,
(4000 mg/kg) (10 mg/kg)
+
Niacin (4000 mg/kg)
Figure 3.7 Piasma cysteine levels following vitamin B¢ and niacin
treatment.

Plasma cysteine concentrations at each point are group means + SEM.

Values without common superscript are significantly different (p<0.05)
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Figure 3.8 Urinary cysteine excretion following vitamin B, and Niacin
treatment.

Urinary cysteine concentrations at each point are group + SEM. Values
without common superscript are significantly different (p<0.05)
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Feeding a large dose of niacin for six weeks also resulted in significantly elevated plasma
and urinary homocysteine concentrations, compared with of the control animals (Figure
3.9 and Figure 3.10). However this was normalized when vitamin B, and niacin were

given simultaneously.

36. LIPID STATUS OF ANIMALS FOLLOWING NIACIN AND VITAMIN B,

TREATMENT

Additon of vitamin B, to the diet (10 mg/kg diet) containing 4000 mg niacin/kg did not
affect the hypocholesterolemic action of niacin. Thus, supplementation with niacin plus
vitamin B, lowered plasma total cholesterol, triglycerides and LDL cholesterol to the same
extent as niacin alone. The niacin associated increase in plasma HDL-cholesterol
concentrations also remained unaffected following concurrent administration of vitamin

B¢ (Table 3.5).

Furthermore, simultaneous administration of vitamin B, reversed the effects of large doses
of niacin on body weight gain and food intake (Table 3.6). Both the body weight gain
and the food intake were significantly decreased following administration of niacin but
this effect was prevented when animals were also given vitamin B,. Similarly niacin

induced loss of liver weight was prevented when vitamin B, was also given.
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Figure 3.9 Plasma homocysteine concentrations in control, niaicn and
vitmain B treated animals

‘Plasma homocysteine bars are group Means + SEM. Values
without superscript are significantly different (p<0.05)
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Urinary homocystelne (ug/day)
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Figure 3.10 Urinary hemocysteins excretion following vitamin B, and
niacin treatment

Urinary homocysteine concentrations at each point are group means + SEM.

Valugs without common superscript are significantly different (p<0.05)
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Table 3.5
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Effect of concurrent supplementation of niacin and "..iamin B, on plasma Lipid

profiles.
Treatment T-C TG HDL-C LDL-C
Control 238 £ 0.02° 1.80 + 0.03° 1.15 £ 0.07° 041 +£0.05°
Niacin 194 + 003" 1.30 + 0.02° 125002 0.11+001°
(4000 mg/kg diet)
Vitamin B, (10 mg/kg) 195 = 0.02° 1.33 £ 0.02° 1212004 0.12 £0.02°

+ Niacin (4000 mg/kg)

Each value is the mean + SEM of 6 animals.

common superscript letter are significantly different at P < 0.05.

In each column values not sharing a



Table 3.6

Growth of animals following simultaneous intake of niacin and vitamin B,.

Treatment Control Niacin Vitamin B, (10 mg/kg) +
) - (4000 mg/kg) Niacin {4000 mg/kg)
Body weight gain (g) 164 + 3.5% 147 £ 58° 160 £ 3.9°
Tood intake (g/day) 936 +1.0° 162605 19.04 + 0.6
Iiver weight (g) 1459 = ¢4* 1159 £ 0.6° 1449 + 0.2*
Liver w/Body wt X 100 3354 +£0.1°  295+0.1° 3.60 = 0.1°

Each value is the mean SEM of at least 6 animals. In each row values not sharing a
common suberscript letter are significantly different at P < 0.05.
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DISCUSSION

Both nicotinic acid and nicotinamide are currently used in pharmacologiéal doses to
treat human disease. The more commonly used forms of this vitamin is nicotinic acid,
which is in widespread use to treat hypercholesterolemia and to prevent cardiovascular
diseases (1). Previously, administration of nicotinic acid (3 g/day or more) to normal
subjects has show.. 1o decrease both cholesterol and trig ceride, while increasing HDL-
cholesterol levels (48). Similarly , the present study demonstrated that feeding niacin
at the rate of either 400 mg or 4000 mg per kg diet to rats for three weeks reduced
plasma cholesterol significantly. The greatest decrease in plasma cholesterol was seen
in the LDL fraction, on the other hand the HDL fraction increased. It was of interest
10 note that, a low dose of niacin (400 mg per kg diet) produced a superior effect on
HDL cholesterol than a higher dose (4000 mg per kg diet) fed animals. This effect of
niacin on HDL-cholesterol concides with the findings of Keenan et al (143), who
reported that subjects on reduced doses of niacin had a better HDL cholesterol response
(+13%) than those who had very Jarge dose levels of the vitamin (-0.6%). These results |
support the theory of Knopp and co-workers (54) that therc are two separate
mechanisms of action of niacin on cholesterol. One action raises HDL cholesterol and
seems to be more effective at lower doses, while a second lowers LDL cholesterol and
increases in effect with increasing dose. In addition to decreasing plasma cholesterol
and triglyceride levels, niacin is the most effective drug for elevating HDL cholesterol.

The increase in HDL cholesterol after niacin treatment has been attributed to the
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substantial rise in circulating HDL,, with a simultaneous fall in HDL, (48).

The versatile action of niacin on lipopro‘ein metabolism, as well as its low cost, should
make it the drug of choice in many patients with dyslipidemia and/or coronary artery
disease, but unfortunately these beneficial effects are accompanied by some adversc
effects. The most prominent of them is intense flushing (54, 144) which occurs in most
people with as small as 100 mg orally. However, this unpleasant side effect is often
diminished through mainiaining the patients on a stable dose for several days (145). Tt
has been suggested that administration of each dose of niacin with food or aspirin may
alleviate this side effect (146). The incidence of cutaneous flushing after nicotinic acid
ingestion varies between 82 and 100 % (54, 144). Several less common but more
serious side effects may also preclude the use of niacin in some patients; these include
hyperglycemia, hyperuricemia, gastrointestinal disturbances e.g., abdominal pain,
bloating, diarrhea, constipation and abnormalities in hepatic function. Long-term
administration of niacin may result in impaired glucose tolerance in non-diabetic
patients and in decompensation of previously subclinical diabetic patients (147). It i
also induce hyperuricaemia that, with glucose intolerance, is associated with an
increased risk of coronary artery disease (54). Most of these effects are found to be
dose related, occuring more commonly with a dails dose exceeding 3 gram. Some of
these adverse effects, especially gastrointestinal problems and hepatotoxicity have been
reported to be more frequent and serious with the use of sustained-release niacin

preparations (95, 148).
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Apart from these well-known side effects, the present study is the first to report the
interrelationship between large doses of niacin and vitamin B, Supplementation of
either 400 mg or 4000 mg niacin per kg diet to rats resulted in impaired synthesis of
cysteine from methionine due to vitamin B, deficiency. Methionine is catabolized to
cystzine through series of reactions involved in the transsulfuraiion pathway.
Methionine is converted to S-adenosyl-L-methionine (SAM) in the presence of ATP by
the enzyme S-adenosyl-L-methionine synthetase (149). S-adenosyl-L-methionine, which
gives the methyl group to cellular acceptors, is converted to S-adenosylhomocysteine
which is further cleaved to homocysteine catalyzed by the enzyme AdoHcy hydrolase
(150, 151). The homocysteine is either remethylated to mcthionine (transmethylation
pathway) or is combined with serine to form cystathionine, which is further cleaved by

the enzyme Y-cystathionase to cysteine (transulfuration pathway).

In the transmethylation pathway homocysteine is remethylated to methionine in the
presence of the enzyme methionine synthase. Folate and vitamin B,, are cofactors for
methionine synthase, and are therefore neccessary for removal of homocysteine by
transmethylation. Homocysteine acquires a methyl group from N5-’
methyltetrahydrofolate or from betaine to form methionine (152) in a reaction catalyzed
by the vitamin B,, containing enzyme, NS5-methyltetrahydrofolate:homocysteine
methyltransferase (152). Methyl group of N5-tetrahydrofolate is synthesized de novo
when a carbon unit is transferred from a carbon source such as serine or glycine, to

tetrahydrofolate producing methylenetetrahyderofolate. Methylenetetrahydrofolate is
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then reduced to methylietrahydrofoiate by methylenetetrahydrofolate reductase. The
reaction with betaine is also B,,-éependent and is catalyzed by betaine-homocysteine
methyltransferase. In the transsulfuration pathway, homocysteine condenses with serine
to form cystathionine. Cenversion of homocysteine to cystathionine is catalyzed by the
enzyme cystathionine B-synthase, which requires pyridoxal 5'-phosphate, the biological
active form of vitamin By as cofactor (152). Cystathionine is cleaved by the enzyme
y-cystathionase to cysteine and ketobutyrate. This enzyme also requires pyridoxal 5'-
phosphate for activity. Cystathionase completes the conversion of methionine to
cysteine. The results of the present study showed that there was an increased
methionine concentration associated with decreased cysteine concentration in plasma
following administration of large doses of niacin. The impairment of methionine caused
by niacin is entirely explained by the elevated plasma and urinary homocysteine

concentrations.

Although abnormal elevations of homocysteine in plasma and urine can be induced by
several congenital and nutritional disorders that directly affecthomocys:zine metabolism,
it would be expected that a deficiency of vitamin B, B,, and/or folate may lead to
elevated homocysteine concentrations. But ro significant change was observed in
plasma vitamin B,, or folate concentrations following niacin administraiion. However,
vitamin B, levels in plasma were significantly lowered in niacin treated animals. These
results suggest that elevated homocysteine levels in niacin treated animals are associated

with vitamin B6 deficiency. This hypothesis is consistent with the important
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observation that concurrent supplementation of vitamin B¢ (10 mz/Kg diet) and niacin
(4000 mg/Kg diet) normalized elevated homocysteine and reversed the effect of niacin
on methionine and cysteine. Similarly, Ubbink et al (153) explained that deficiencies
of cofactors required for homocysteine metabolism may resultin hyperhomocysteinemia,
which could be successfully treated with a modest daily use of vitamin B,,, folic acid
and viitamin B,. An almost sevenfold increase in plasma homocysteine was observed
in vitamin B, deficient rats given diet containing 0.6-1.85% methionine (154).
Therefore, it seems clear that in vitamin B, deficiency, as well as in heterozygotes for

cystathionine B-synthase deficiency, homocysteine metabolism is impaired.

Experimental evidence indicates that remethylation and transsulfuration pathways are
coordinated; reduced activity in one pathway will lead to the more effective use of
homocysteine by the second pathway (155, 156). Therefore, the fimpairment oi only one
homocysteine pathway should not lead to the accumulation of homocysteine, which is
derived solely from methionine. The fact that it does accumulate, as it accumulated in
the present study after niacin treatment, is explained by the fact where there is a defect
in one pathway of homocysteine metabolism, this will lead to the impairment of thel
other. When the cellular SAM concentration is low, the synthesis of 5-
methyltetrahydrofolate will proceed uninhibited, whereas cystathionine synthesis will be
suppressed, resulting in the conservation of homocysteine for methionine synthesis. On
the other hand, a high SAM concentration will inhibit 5-methyltetranydrofolate synthesis

accompanied by stimulation of the transsulfuration pathway because of increased
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cystathionine synthesis. The direct effect of this coordination is the regulation of
cellular SAM concentrations, but another important outcome is the maintenance of
homocysteine concentrations compatible with the need for de novo methyl group. This
hypothesis therefore predicts that homocysteine can accumulate when the cell is not able
to coordinate between the two pathways (155). Impaired methylation will prevent
induction of transsulfuration and prevent catabolism of excess homocysteine. Similarly,
an impairment of the transsulfuration pathway will prevent the induction of

remethylation and inhibit disposal of homocysteine through its conversion to methiosine.

In a case study, a patient with partially defective SAM synthesis also had abnormal
homocysteine conservation leading to excessive methionine synthesis and
hypermethionemia (157). The authors predicted that high homocysteine resulted from
a concentration of SAM insufficient to inhibit to methyltetrahydrofolate reductase
activity and insufficient to stimulate cystathionine B-synthase to rid the cell of excess
homocysteine through the transsulfuration pathway (157). When cystathionine B-
synthase is completely inactive, the resulting homocysteine would initially induce
accelerated de novo methionine synthesis until the concentration of methionine is
increased enough to cause the accumulation of SAM. High concentrations of SAM will
inhibit synthesis of 5-methyltetrahydrcfolate and thus inhibit disposal of homocysteine
through its conversion to methionine. Subsequently, SAM will be metabolized and its

concentration will decrease, leading to renewed methionine synthesis from
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homocysteine. Eventually, a state will be reached at which some homocysteine is
converted to methionine, but the rest cannot be converted because of SAM's inhibitory
effect on methyltetrahydrofolate reductase. This interpretation is consistent with the
observation that patients with homocysteinemia due to homozygous cystathionine B-
synthase also tend to have hypermethionemia (132). Decreased cystathionine B-synthase
activity in vitamin B, deficient rats leads to the accumulation of homocysteine in tissue
(158, 159). A marked increase of both free and protein-bound homocysteine has been
observed in the rat within a few weeks of vitamin B, deficiency (160, 161). These high
values of homocysteine were normalized within two days after supplementation with
adequate amounts of vitamin B. Vitamin deficiency induced an even greater increase

in free and protein-bound plasma homocysteine in pigs (162).

Apart from transsulfuration of methionine which is a major route of methionine
degradation, existence of the transamination pathway in rats, sheep and humans has becn
observed (163-169). In this pathway methionine is transaminated to 4-methylthio-2-
oxobutyrate. Oxidative decarboxylation of 4-methylthio-2-oxobutyratethe yeiids 3-
methylthio propionate (163-166) and methanethiol (MT) is formed from 3-methyl
thiopropionate (162, 167-169). However, it was demonstrated that quantitative
significance of this pathway in methionine catabolism is only of minor importance in
both normal subjects (170) and in patients with cystathionine B-synthase deficiency
(170). This conclusion holds true even in complete cystathionine synthase deficiency,

despite methicnine levels higher than in the patient with methionine adenosyltransferase
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deficiency. When intracellular accumulation occurs, the cell homocysteine export
mechanism leads to the deposition of homocysteine into the blood and urine. This
export maintains low intracelluar homocysteine concentrations and prevents toxicity to

the cell but causes clinical homocysteinemia and homocystinuria.

The mechanism of interaction of niacin and vitamin B, is not known. Many studies in
nondiabetic patients receiving niacin have demonstrated increases in plasma glucose
concentrations (171-175). Studies have suggested that niacin induce hyperglycemia by
stimulation of gluconeogenesis (176), development of insulin resistance (177) or
interference with triglyceride synthesis leading to enhanced utilization of fatty acid at
the expense of glucose, causing the liver to release glucose into the serum (178).
Related to this is the observation that plasma PLP concentrations are depressed 20-30%
within 1-2 hours following glucose load (179). More over, a significant proportion of
people with either type I or type II diabetes mellitus have low plasma levels of By
vitamins (180-182). The mechanism by which PLP is lowered in the plasma is not
known, but there are at least two possibilities. First, there may be decreased synthesis
of PLP in the liver or inhibition of release from the liver. Secondly, there may be
enhanced uptake of PLP into specific tissues. Data presented by Ink and co-workers
(183) suppot the later mechanism. They examined the effect of glucose on the rate of
uptake of PL by human erythrocytes and found that 10 mmol glucose/L enhances the
uptake during 60 min of incubation. Moreover glucose metabolism as an energy

subsrate in the red cell would provide adenosine triphosphate (ATP), required in the



67

pyridoxine kinase reaction. An increase in ATP results enharced -onversion of free
forms of vitamin B, to their respective phospiivriated comjcinds. This vitamin is
accumulated in the cells as a result of binding of PLP and PL to hemoglobin and

metabolic trapping by phosphorylation of free forms of vitamin Bg.

If there is continued increase in glucose, and PLP is taken up into tissues, this could
result in increased metabolism of PLP to PL and then conversion of PL to the metabolic
end product 4-pyridoxic acid. In that case a gradual decrease in vitamin B, status may
result. Increased PLP concentrations in the tissues as a result of the higher plasma
glucose, may lead to a greater rate of turnover and increased degradation of PLP (and
PL), eventually leading to a functional deficiency of vitamin B,. Further niacin therapy
has been shown to elevate plasma alkaline phosphatase activity. This elevated alkaline
phosphatase activity may in part explain the decreased plasma PLP levels (184), because
increased release of alkaline phosphatase activity has also been shown to be related to

decreased plasma PLP concentrations (185).

4.1. CONCLUSIONS

The basal experimental diet used in this study contained niacin approximately 47 mg/kg
diet. When the animals were fed this diet supplemented with either 400 or 4000 mg/kg
diet, for 3 or 6 weeks, they exhibited decreased plasma and urinary levels of cysteine,

while their homocysteine levels were markedly elevated. The later manifestation has
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an important toxicological implecation. In recent years, there have been a number of
studies suggesting that homocysteine can be potentially toxic to cells (186). Thus mild
hyperhomocysteinemia has been linked to coronary heart disease (187-189) and cerebral
(190, 191) as well as peripheral vascular diseases (192, 193). Elevated plasma
homocysteine concentrations are involved in the pathogenesis of atherosclerosis (194).
The mechanism by which homocysteine may promote atherogenesis include vascular
endothelial injury (194, oxidative modification of LDL cholesterol (195) and enhanced
binding of lipoprotein(a) to fibrin in atherosclerotic plaques (196). Homocysteine may
also perturb vascular coagulation mechanisms and thus promote a thrombotic tendency

(14).

In addition to homocysteinemia, mega dose level of niacin was found to decrease
cysteine status in the body. This untoward effect of niacin appears to be caused by
interfearing with vitamin B, as indicated by its reduced level in the plasma. This
relationship between niacin and vitamin B, was further supported by the fact that the
cysteine levels in both plasma and urine were reversed to their levels in control animals.
It was noteworthy that concomittant administration of niacin and vitamin B, did not
altered the hypolipidemic action of niacin. These results clearly suggest that a
combination of these two vitamins may be better choice of therapy for lowering
cholesterol status than niacin alone. Clinical trails are now wanted to determine if
niacin therapy for the treatment of hypercholesterolemia will improve with the

concurrent administration of niacin and vitamin B,. However, it is essential that the
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optimal niacin to vitamin B4 ratio should be established before clinical trails are

initiated.



10.

71
REFERENCES

Consensus Conference: Lowering blood cholesterol to prevent heart disease.
JAMA 1985;253:2080-2086.

Grundy SM, Cholesterol and coronary heart disease: a new era. JAMA
1986;256:2849-2858.

European Atherosclerosis Society Study Group: Strategies for the prevention of
coronary heart disease. A policy statement of the European
Atherosclerosis Society. Eur. Heart 1987;8:77-88.

Prihoda JS, and Illingworth DR: Prug therapy of hyperlipidemia. Curr Probl
Cardiol 1992;september:549-605.

The Lipid Research Clinics Coronary Primary Prevention Trail results II. The
relaticnship of reduction in incidence of coronary heart disease to
cholesterol lowering. JAMA 1984;251:365-374.

The Lipid Research Clinics Coronary Prirnary Prevention Trail results I
Reduction in incidence of coronary heart disease. JAMA 1984;251:351-

364.

Frick MH, Elo O, Haapo K et al: The Helsinki Heart Study: Primary prevention
trial with gemfibrozil in middie-aged men with dyslipidemiz Safety of
treatment, changes in risk factors, and incidence of coronary heari
disease. N Engl J Med 1987;317:1237-1245.

Blankenhorn DH, Nessim SA, Johnson RL, Sanmarco ME, Azen SP, Cashin-
Hemphill L: Beneficial effects of combined colestipoi-niacia therapy on
coronary atherosclercsis and coronary venous bypuss grafts. JAMA'
1987;257:3233-3240.

Buchwald H, Varco RL, Matts JP, et al.:Effects of partial ileal bypass surgery
on mortality and mobidity from coronary heart disease in patients with
hypercholesterolemia. Report of the program on the Surgical Control of
the Hyperlipidemias (POSCH). N Engl 7 Med 1990,323:946-955.

Kane JP, Malloy MJ, Ports TA, Phillips NR, Diehl JC, Havel RJ: Regression of
coronary athersclerosis during treatment of familial hypercholesterolemia
with combined drug regimens. JAMA. 1990;264:3007-3012.



1.

12.

13.

i4.

15.

16.

17.

19.

20.

21.

22.

23.

72

Cashin-Hemphill L, Mack WJ, Pogoda M, Sanmarco ME, Azen SP,
Blankenhorn DH:RBeneficial effects of colestipol-niacin on corcuary
atherosclerosis. A 4-year follow-up. JAMA 1950;264:3013-3017.

F: da JS, ard Illingworth DR. Drug therapy of hyperlipidemia. Curr Probl
Cardiol 1992;sept.:548-605.

The Expert Panel: Report of the National Cholesterol Education Program Expert
Panel on Detection, Evaluatior:. and Treatment of High Blood Cholesterol
in Ad:Us. Arch Intern Med 1988;148:36-69.

Hunnin; * ¢ DB:Dmg tre *m<4t of dysliposroteinemia. Endocrinology and
Meubolism Clniv ¢« #<ith America 1990;19(2):345-360.

Hlingwosih DR, Bacon . Treatment of heterozygous familial
hypercholesterclemia with lipid-lowering drugs. Arterioscler Thromb
1989;321:%#29 "*4.

Illingworth DR: Lipid-Lowering Drugs. An overview of inidications and optimum
therapeutic use. Drugs 1987;33:259-279.

Linstedt S: The formation of bile acids from 7-alpha-hydroxycheiesterol in the
rat. Acta Chem Scand 1957;11:417-420.

Shepherd I, Packard CJ, Bicker S, et al:Cholestyramine prometes receptor
mecdiated low density lipoproiein catabolism. N Eng! J Med
1930,302:1219-1222

Gottc AM: Dyslipidemia and Atherosclerosis. Circulation 1993;87:11154-1I159.

Knodel LC, Talkert RL: Adeverse effects of hypolipidaemic drugs. Med Toxicol
1987;2:10-32.

McCarthy #4: New approaches (o athe:.osclerosis:An sverview. Med Res Rev
1993;13(2):139-159.

Grundy SM:HMG-CoA reductase inhibitors for the treatment of
hypercholesterolemia. N Engl J Med 1988;319:24-33.

Bradford RH, Shear CL, Chremos AN, et al. Expanded Clinical Evaluation of
Lovastatin (EXCEL) study results: 1. Efficacy in modifying plasma
lipoproteins and adverse event profile ir 8245 patients with moderate
hypercholesterolemia. Arch Intern Med 1991;151:43-49,



24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

73

-evy RI, Troendle AJ, and Fattu JM:A quarter century of drug treatment of
dyslipoproteinemiz, with a focus on the new HMG-CoA reductase
fluvastatin. Circulation 1993;87(suppl III):I11-45-111-53.

McQueen MJ, Chalestatic jaundice associated with lovastatin (Mevacor) therapy.
Can Med Asscc J 1930;142:841-4.

Geddes JA, Cholestatic jaundice associated with lovasiatin fMevacor) therapy.
Can Med Assoc J 1990;143:13-4.

Committee of Principal Investigators: WHO Cooperative trail on primiary
prevention of ischemic heart disease using clofibrate to lower serum
cholesterol:Mortality follow-up. Lancet 1980;2:379-384.

Grundy SM, Vega GL. Fibric acids:effects on lipid and lipoprotein metabolism.
Am J Med 1987;83:9-20.

Alberts AW, Chen J, Kuron G. Mevinolin:A highiy potent competitive inhibitor
of hydroxy methyl glutaryl coenzymes A reductase and a cholesterol
lowering agent. Proceedings of the nauonal Academy of Sciences (USA)

198(3,77:3957-3961

Altschul R, Hoeffer A, Stephen JD. Influence of nicotinic acid on serum
cholesterol in man. Arch Biochem Biophys 1955;54:558-552.

Stewart jM. Packard CJ, Lorimer AR, Boag DE, Shepherd J. Effects of
bezafibrate on receptor mediated and recepior independent iow density
lipoprotein catabolism in type II hyperlipoproteinaemic subjects.
Atherosclerosis 1982;44:355-368.

Hodges RM, Marcus EL. Safety of gemfibrozil {Lopid) in clinical use. Res Clin
Forum 1982;4:37-42. '

Committee of Principal Investigators: A cooperati:: «:l in the prevention of
ischaemic hecrt disease using clofibrate. Br Heart J 1978;40:1069-1118.

Largis EE, Wang C.., DeVries VG, and Schaffer SA. CL 277,082: a novel
inhibitor of ACAT-catalzed cholesterol zsterification and cholestercl
absorption. J Lipid Res 1989;30:681-690

Khan B, Wilcox HG and Heimberg M. Cholesterol (C) is required for the
scretion of the very low dsnsity lipoprotein (VLDL) by the rat liver:
Effects of C and lovastatin (L). FASEB J i988; 2: A1620.



36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47,

74

Sliskovic DR and White AD. Therapeutic potential of ACAT inhibitors as lipid
lowering and anti-atherosclerosis agents. Ti?S 1991;12:194-199.

Nervi F, Bronfman M, Allalon W, Depiereux E and Del PR. Regulation of
biliary cholesteroi secretion in the rat. J Clin Invest 1984;74:2226-2237.

Smith JL, DeJersy J, Pillay SP and Hardie IR. Hepatic acyl-CoA:cholesterol
acyltransferase. Development of a standard assay and determination in
patients with cholesterol gallstones. Clin Chim Acta 1986;158:271-282.

Buckley MM, Goa KL. Price AH, Brogden RN. Probucol. A r.appraisal of its
pharmacologicai properties and therapeutic use in by p2rcholesterolaemia.
Drugs 1989;37:761-800.

Nestel PJ, Billington T. Effects of probucol on low density lipoprotein removal
and high density lipoprotein synthesis. Atherosclerosis 1981;38:203-209.

Steinberg P, Parthasarathy S, Carew TE, Khoo JC, Witztum JL. Beyond
cholesterol:modifications of low-density lipoproteiiis that increase its
atherogenicity. N Engl ¥ Med 1989;320:915-923.

Steinberg D. Studies on the mechanism of action of probucol. Am J Cardiol
1986;57(suppi):16H-21H.

Steinberg D. Parthasarathy S, Carew TE. In vivo inkibiticn 0. foam cell
development by probucol in Watanabe rabbits. Am J Cardiol
1988;62(sippl):6B-12B.

Hur.airghake DB, Bell C, Olson L. Eifect of probizcol on plasma lipids and
lipoproteins in type IIb hyperlipoproteinemia. Atherosclerosis
1980,37:469-474.

Mellies MJ, Gastside PS, Glatielter L. Effects of probucol on plasm: cholesterol,
high and low density cholesterol, and apolipoprotein Al and A2 in adults
with primary familial hypercholesicrolemia. Metabolism 1980;29:956-964.

Miettinen TA, Huttunen K, Kuusi T, et al: Effect of probucol on the activity of
postheparin plasma lipoprotein lipase and hepatic lipase. Clin Chim Acta
1981;113:59-64.

Schuman KA, Kinrosian B, Jacobson TA, Glick H, Willian MK, Koffer H and
Eisenberg JM. Reducing high blood cholesterol level with drugs. Cost-
effectiveness of pharmacologic management. JAMA 1990;264:3025-3033.



48.

49.

50.

51.

52.

53.

54.

56.

57.

58.

75

Shepherd J, Packard CJ, Patsch JR, Gotto AM, Taunton OD. Effects of
nicotinic acid therspy on plasma high-denisty lipoprotein subfraction
distribution and com:jz9sition and on apolipoprotein A metabolism. J Clin
Invest 1979;63:858-867.

Grundy SM, Mok HYI, Zech L, Berman M. Influence of nicotinic acid on
metabolism of cholesterol and triglycerides in man. J Lipid Res
1981;22:24-36.

Packard CJ, Steward JM, Third J, Morgan HG, Lawrie TDV and Shephard.
Effects of nicotinic acid therapy on high density lipoprotein metabolism
in type II and type IV hyperlipoproteinaemia. J. Biochem Biophys Acta

1980,618:53-62.

Perry R.  Contemporary recomendations for evaluating and treating
hyperlipidemia. Clin Pharm 1986;5:115-27.

Walldius G, and W iilberg G. in, Kritchevsky D, and Holmes W. (eds). Drugs
affecting lipid metabolism, Plenum Publishing Corporation p. 281.

Drood JM, Zimetbaum PJ, and Frishman WH. Nicotinic acid for the treatment
of hyperlipoproteinemia. J Clin Pharmacol 1991;31:641-650

The Coronary Drug Project Research Group. Clofibrate and niacin in coronary
is2r; disease. JAMA 1975;231:360-381.

Kane 5P, Malloy MJ, Tun P. Normalization or low-density-lipoprotein levels in
heterozygous familial hyperchulesteroluiuia with a combined drug
regimer. N Engl J Med 1981;304:251-8.

Blankenhorn DH et al. Beneficial effects of combined clofibrate-niacin therapy
on coronary atherosclerosis and coronary venous bypass grafis. JAMA-

1987;257:3233

Kuo PT, Toole JF, Schaaf JA, Jones A, Wilson AC, Kostis JB, Moreyra AE.
Extracranial carotid artery disease in patients with familial
hypercholesterolemia and coronary artery disease treated with colestipol
and nicotinic acid. Stroke 1987;18:716-721.

Fumagalli R. Pharmacokinetics of nicotinic acid and some of its derivatives, in,
Gey KF, Carlson LA (eds). Metabolic Effects of Nicotinic acid and Its
Derivatives. Bern-Stuttgart-Vienna. Hans Huber Publishers. 1971;33-49.



59.

60.

61.

62.

63.

64.

6.

66.

67.

68.

69.

76

Shibata K, and Matsuo H. Correlation between niacin equivalent intake and
urinary excretion of its metabolites, N'-methylnicotinamide, N’ -methyl-2-
pyridone-5-carboxamide, and N’-methyl-4-pyridone-3-carboxamide, in
humans consuming a self-selected food. Am J Clin Nutr 1989:50:114

Nakagawa I, Takahashi T, Suzuki T, Masana Y. Effect in mar of addition of
tryptophan or niacin on the excretion of their metabolites. J Nutr.
1969;99:325-30.

Patterson JI, Brown RR, Linkswiler H, Harper AE. Excretion of tryptophan-
Niacin metabolites by young men: effects of wyptophan, leucine, and
vitamin B, intakes. Am J Clin Nutr 1980;33:2157-67.

Knox WE, and Piras MM. Tryptophan pyrrolase of liver. J Biol Chem
1967;242:2959

Nishizuka Y, and Hayaishi O. Studies on the biosynthesis of nicotinamidc
adenine dinucleotide. J Biol Chem 1963;230:3369-3377.

Korbitz BC, Pricc JM and Brown RR.Quantitative studics on tryptophan
metabolism in the pyridoxine-deficient rat. J Nutr 1963;80:55-59.

Henderson LM, Weinstock IM, and Ramasarma CB. Effect of deficiency of B
vitamins on the metabolism of tryptophan by the rat. J Biol Chem
1951;189:19-29.

Yeh JK, and Brown RR. Effects of vitzmin B6 deficiency and tryptophan
loading on urinary excretion of L;ptophan metabolites in mam:azls. J
Nutr 1977;107:261.

Vilter RW, Mueller JF, Giazer HS, Jarrold T, Abraham J, Thompson C and
Hawkins VR. The effect of vitamin B6 deficiency induced by
desoxypyridoxine in human beings. J Lab Clin Med 1953;42:335-357

Rose DP, and Toseland PA. Urinary excretion of quinolinic acid and other
tryptophan metabolites after deoxypridoxine or oral contraceptive
administration. Metabolism 1973;22:165-171.

Rose DP, Strong R, Adamas PW, and Harding PE. Experimental vitamin B6
deficiency and the effect of oestrogen-containing oral contraceptives on
tryptophan metabolism and vitamin B6 requirements. Clin Sci
1972;42:465-4717.



70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

82.

83.

77

DiLorenzo PA. Pellagra-iide syndrome associated with isoniazid therapy. Acta
Dermaiol Venereol 1967;47:318.

Jaffe IA. Tryptophan metabolism. Ann N Y Acad Sci 1969;166:57.

Hollister LE, Moore FF, Forrest F and Bennett JL. Antipyridoxine effect of D-
penicillamine in schizophrenic. men. Am J Clin Nutr. 1966;19:307.

DiPalma JR, and Thayer WS. Use of niacin as a drug. Annu Rev Nutr
1961;11:169-87.

Henderson LM. Niacin. Ann Rev Nutr. 1983;3:289-307.

Henderson LM, Gross CJ. Transport of niacin and nicotinamide in perfused rat
intestine. J Nutr 1979;109:646-53.

Baum CL, Seihub J, Rosenberg IH. The hydrolysis of nicotinamide adenine
dinuclotide (NAD) by intestinal brush border membranes (BBM). Am J
Clin Nuir 1981;32:615 (abstract).

Turner JB, Hughes DE. The absorption of bound forms of B-group vitamins by
rat iniestine. Q9 J Exp Physicl 1952;47:124-33.

{, Shimoyama M, Murashimna R. The role of microorganisms as a
-aaction of nicotinsmide dear~idatic in rat stomach. Biochim Biophys
Acta 1970;201:394-97.

Preiss J, Handler P. Riosynthesis of diphosphopyridine nucleotide I.
Identification of intermediates. J Biol Chem. 1958;233:488-500

Andreoli AJ, Okita TW, Bloom R and Grover TA. Quinolinic acid: A precursor
to nicotinamide adenine dinucleotide in Escherichia coli. Biochim’
Biophys Res Comm 1963;12:92

Lan SJ, Henderson LM. Uptake of nicotinic and nicotinamide by rat
erythrocytes. J Biol Chem 1968;243:3388-94.

Albright RE, and Degner EF. Automat Anal Chem Technicon Symp. 3rd.
1967;1:461.

Rechsteiner M, Hill KR. Autoradiographic studies of nicotinic acid utilization in
human-mouse heterokaryons and inhibition of utilization in newly formed
hybrid cells. J Cell Physiol 1975;86:439-52.



84.

&5.

86.

87.

89.

90.

91.

92.

93.

94,

9s.

78

Chaykin S, Dagani M, Johnson L, and Samli M. The fate of nicotinamide in the
mouse urinary metabolites. J Biol Chem. 1965;240:932-938.

Chuykin §, Dagani M, Johnson L, Samli M. 2% Batile J. The fatc of
nicotinamide in the mouse; tissue metabolites. Biochim Biophys Act
1965;100:351-365.

Dietrich LS. Regulation of nicotir *mide metabolism. Am J Clin Nutr
1971;24:800-4

Revel TM, Mandel P. Effect on an induced synthesis of pyridine nucleotides in
vivo on the metabolism of ribonucleic acid. Cancer Res. 1942;22:456-62.

Bemofsky C. Physiologic aspects of pyridine nucleotide regulation in mammals.
Mol Cell Biochem 1980;33:135-43.

Mrochek JE, Joiley RL, Young DS, Turner WJ. Metabolic response of humans
to ingestion of nicotinic acid amd nicotinamide. Clin Chem.
1976;22:1821-27.

McCreanor GM, Bender DA. The metabolism of high intakes of tryptophan,
nicotinamide and nicotinic acid in the rat. Br J Nutr. 1986;56:577-86.

Atmeh RF, Shepherd J, Packard CJ. Subpopulations of apolipoprotein A-I in
human high-density lipoproteins: Their metabolic properties and response
to drug therapy. Biochim Biophvs A<t 1983;751:175-188.

Walldius G, Wahlberg G. Effects of :devirs: zcid and its derivatives on lipid
metabolism and other metabolic factors related to atherosclerosis. Adv
Exp Med Biol 1985;183:281-293.

Luria MH. iffect of low-dose niacin on high-density lipoprotein cholesterol and
total cholesierol-high-density cholesterol ratio. Arch Intern Med
1988;148:2493-2495.

Kane JP, Malloy MJ, Tun P, Phillips WR, Frecedman DD, Williams ML, Rowe
JS, Havel RJ: Normalization of low-density lipe:roieinemia levels in
heterozygous familial hypercholesterolemia with a combined drug
regimen. N Engl J Med 1981;304:251-258.

Illingworth DR, Phillips=: BE, Rapp JH, Connor WE:Colestipol plus nicotinic
acid in treatment of heterozygous familial hypercholesterolemia. Lancet
1981;1:296-298.



96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

79

Kuo PT, Kostis JB, Moreyra AE, Hayes JA. Familial type II
hyperlipoproteinemia with coronary heart disease: Effect of diet-
colestipol-nicotinic acid treatment. Chest 1981;79:286-291.

Hoeg JM, Maher MB, Bon E, Zech LA, Baily KR, Gregg RE, Sprecher DL,
Susser JK, Pikus AM, Brewer HB Jr. Normalization of plasma lipoprotein
concentrations in patients with type II hyperlipoproteinemia by combined
use of neomycin and niacin. Circulation 1984;70:1004-1011.

Malloy MJ, Kane JP, Kunitake ST, Tun P. Complementarity of colestipol, niacin
and lovastatin in treatment of severe familial hypercholesterolemia. Ann
Intern Med 1987;107:616-623.

Knopp RH, Ginsberg J, Albers JJ, Hoff C, Ogilvie JT, Warnick GR, Burrows E,
Retzlaff B, Poole M: Contrasting effects of unmodified and time-release
forms of niacin on lipoproteins in hyperlipidemic subjects: Clues to
mechanism of action oc niacin. Metabolism 1985;34:642-650.

Kuroda M, Honnor RC, Cushman SW, Londos C, Simpson IA. Regulation of
insulin-stimulated glucose transport in the isolated rat adipocyte. J Biol
Chem 1987;262:245-53.

Aktories K, Schultz G, Jakobs KH. Regulation of adenylate cyclase activity in
hamster adipocytes. Naunyn-Schiniedeberg's Arch  Pharmacol

1980;312:167-73.

Rirnbaumer L. G proteins in signal transduction. Annu Rev Pharmacol Foxicol.
1990;30:675-705.

Casey PJ, Graziano MP, Freissmuth M, Gilman AG. Role of G proteins in
transmembrane singnaling. Cold Spring Harbor Symp. Quant Biol
1988;53:203-8. :

Carlson LA, Oro L, Ostman J. Effect of a single dose of nicotinic acid on
plasma lipids in patients with hyperlipoproteinemia. Acta Med Scand

1968;183:457-465.

Hotz W. Nicotinic acid and its derivatives: A short survey. Adv. Lipid Res
1983;20:195-217.

Kudchodkar BJ, Sodhi HS, Horlick L, Mason DT. Mechanisms of hypolipidemic
action of nicotinic acid. Clin Pharmacol Ther 1978;24:354-73.



107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

8G

Magide AA, Myant NB, Reichl D. The effect of nicotinic acid on the
metabolism of the plasma lipoproteins of rhesus monkeys.
Atherosclerosis 1975;121;205-15

Kane JP, Malloy MJ. Treatment of hyper<iiolesterolemia. 1982;66::37-50

Wahlberg ¢, Holraguist L, Walldius G, Annuzzi G. Effects of niceti¢ acid on
concsentations of serum apolipoproteins B, C-I, C-ifi and E in
kyperiipidemic patients. 1988;224:319-27.

Holland RE, Rahman K, Morris Al, Coleman R and Billington D. Effects of
niacii on biliary lipid output in the rat. Biochemical Pharmacology
1993;45(1):43-49.

Angelin B, Einarsson K and Leijd B. Biliary lipid composition during treatment
with different hypolipidaemic drugs. Eur J Clin Invest 1979,9:185-190.

Coleman R and Rahman K. Lipid flow in bile formation. Biochim Biophys Acta
1992;1125:113-133.

Hamlin S, Rahman K, Carelia M and Coleman R. Modulation of biliary lipid
secretion by forskolin and cyclic AMP analogues. Biochem J
1990;265:879-885.

Aktories K, Schultz G and Jakobs K. Regulation of adenylate cyclase activity in
hamster adipocytes. Naunyn Schmindebergs Ar~% Pharmacol
1980;312:167-173.

Marcus C, Sonnerfield T, Karpe B, Boime P and A:+2r . Inhibition of lipolysis
by agents acting via adenylate cyclase in fat cells from infants and adults.
Pediatr Res 1989;26:255-259.

Johansson J and Carlson LA. The effects of nicotinic acid treatment on high
density lipoprotein particle size subclass levels in hyperlipidaemic
subjects. Atherosclerosis 1990;83:207-216.

Blum CB, Levy RI, Eisenberg S, Hall IIIM, Goebel RH and Berman M. High
density lipoprotein metabolism in man. J Clin Invest 1977;60:7¢3

Patsch JR, Prasade S, Gotto AM, and Bengtsson-Olivercrona A. Postprandial
lipidemnia: A key for the conversion of high density lipoprotein, into high
density lipoprotein, by hepatic lipase. J Clin Invest 1984;74:2017.



119.

120.

121

122.

123.

124.

125.

126.

127.

128.

129.

g1

Carlson LA, Holmquist L, and Nilsson-Ehle P. Deficiency of hepatic lipase
activity in post-heparin plasma in familial hyper-alpha-triglyceridemia.
Acta Med Scand. 1986;219:435.

Taskinsn ME and Mikkile EA. Effects of acipimox on serum li2ids, lipoproreins
@ Dpoivtic enzymes in  hypertriglyceridemia.  Atherosclerosis
1988;69:249.

Armstrong VW, Cremer P, Eberle E, Manke A, et al. The association between
serum Lp(a) concentrations and angiographically assessed coronary
atherosclerosis. Atherosclerosis 1986;62:249-67.

Brewer HB. Clinical significance of plasma lipid levels. Am J Cardiol
1989;64:3G-9G.

Hajjar KA, Gavish D, Breslow JL, Nachman RL. Lipoprotein(2) modulation of
endothelial cell surface fibrinolysis and its potential mle in
atherosclerosis. Nature 1989;339:303-5.

Carlson LA, Hamstein A, Asplund A. Pronounced lowering of serum ievels of
lipoprotein Lp(a) in hyperlipidaemic subjects treated with nicotiric acid.
J Intern Med 1989;226:271-76.

Kostner GM, Gavish D, Leopold B, Bolzano D, Weintraub MS et al. ¥#MG-CoA
reductase inhibitors lower LDL cholesterol without reducing Lp(a) levels.
Circulation 1989;80:1313-19.

Morrow JD, Parsons WG III, Roberts L) II: Release of markedly incinaied
quantities of prostaglandin D, in vivo in humans followiuy the
administration of nicotinic acid. Prostaglandins 1989;38:263-274.

Wilkin JK, Wilkin O, ¥.app R, Donachie R, Chernosky ME, Buckner J: Aspirin
blocks nicotinic acid-induced flushing. Clin Pharmacoi Ther 1982;31:47¢.
482,

Dunn FL: Treatment of lipid disorders in diabetes mellitus. Med Clii: North Am
1988;72:1379-1398.

Winier SL, and Boyer JL. Hepatic toxicity from large doses of vitamin B, N
Engl J Med. 1973;289:1180.

American Medical Association, Department of drugs. in: AMA Drug Evaluation,
2nd edition. Publishing Sciences Group. Mass. 1973



131.

132.

133.

134,

135.

136.

137.

138.

139.

140.

141.

142.

Sugerman AA, and Clark CG. Jaundice following the administration of niacin.
JAMA 1974;228:202

Ueland PM and Refsum H. Plasma homocysteine, a risk factor for vascular
disease: Plasma levels in health, disease, and drug therapy. J Lab Clin
Med (1989);Nov:473-501.

Mudd SH, Levy HL, Skovby F. Disorders of transsulfuration: In: Scriver CR ,
Beaudet AL, Sly WS, Valle D. eds. Metabolic basis of inherited disease.
6th ed.New York: McGraw Hill, 1989:693-734.

Stipank MH. Metabolism of sulfur-containing amino acids. Annu Rev Nutr
1986;6:179-209.

Allain CA, Poon LS, Chan CSG, Richmond W and Fu PC. Enzymatic
determination of total serum cholesterol. Clin Chem 1974;20:470.

Bucolo G and David H. Quantitative determination of serum triglycerides by
the use of enzyme. Clin Chem 1973;19:476

Frildwald WT, Levy RI and Fredrickso:: DS. Estimation of the concentration
of low density lipoprotein cholesterol in plasma without use of the
preparative ultracentrifuge. Clin Chem 1972;18:499-501.

Folch J, Lees M and Sloane Stanley GH. A simple methe: for the isolation and
purification of total lipids from animal tissues. ] Biol Chem
1951;226:497-509.

Jones BN and Gilligan JP. O-phthaldialdehyde precolumn derivatization and
reverse phase high performance liquid chromatography of polypeptide
hydrolysates and physiological fluids. J chromat. (1983);266:471-482.

Shin-Buckring Y et al. A new enzymatic method for pyridoxal-5'-phosphate
determination. J Inher Metab Dis 1981;4:123-124.

DiGiorgio J. Non-protein nitrogeous constitutents. In : Clinical chemistry,
principles and techniques (Henry Rj, Cannon DC and Winkelman JW
eds.), Harper and Hangerstown R.

Steel RGD and Torrie JH. Principles and procedures of statistics, second
edition, McGraw-Hill Book Co. Inc., New York.



143.

144,

145.

146.

147.

148.

149.

150.

153.

83

Keenan J.M and Wenz J.B. et al. A Clinical Trial of Oat Bran and Niacin in the
Treatment of Hyperlipidemia. J. Fam. Prac. (1992); 34(3):313-319.

Knopp R.H., Ginsberg J., Albers J.J. et al. Contrasting effects of unmodified and
time-release forms of niacin on lipoproteins in hyperlipidemic subjects:
clues to mechanism of action of niacin. Metabolism (1985);34:642-50.

Andersson RG, Aberg G, Brattsand R,. Ericsson E and Landholm L. Studies on
the mechanism of flush induced by nicetinic acid. Acta Phar. Tox.

1977;41:1-10.

Kaijser L, Eklund B, Olson AG, Carlson LA. Dissociation of the effects of
nicotinic acid in vasodilation and lipolysis by a prostaglandin synthesis
inhibitor, indomethacin, in man. Med Biol. 1979;57:114-117.

Kannel WB. Lipids, diabetes and coronary heart disease: insight from
Framingham. Am Heart J. 1985;110-1" ~0-1107.

Ciristensen NA, Archor RWP, Berge LG and Mason HL. Nicotinic acid
treatizent of hypercholesterolemia: comparison of plain and sustained-
action preparations and report of two cases of jaundice. JAMA

1961;177:76-80.

Cantoni GL. Biological methylaticn:selected aspects. Ann. Rev. Biock:m.
1975;44:435-451.

Ueland PM. ¢harmacological and biochemical aspects of S-
adenosy ‘- smocysteine and S-adenosylhomocysteine hydrolase. Pharmacol

Rev. 19%2;34:223-53.

Cantoni GL. The centrality of S-adenosylhomocysteinase in the regulation of the
biological utilization of S-adenosylmethionine. In: Borchardt RT,
Creveling CR, Ueland PM, eds. Biological methylation and drug design.
Experimental and clinical reles of S-adenosylmethionine. Clifton, New
Jersy: Humana Press, 1986:227-38.

wiwsid SH, Finkelstein 5D, Irreverre F and Laster L. Homocystinuria: an
enzymatic defect. Science 1964;143:1443-5.

Ubbink JB, Vermaak WJH, Van der Merwe A and Becker PJ. Vitamin B-12,
vitamin B-6 and folate nutritional stztus in  men with
hyperhomocysteinemia. Am. J. Clin. Nutr. 1993;57:47-53.



154.

155.

156.

157.

158.

160.

161.

162.

163.

164.

165.

84

Smolin LA, Benevenga NJ. Factors affecting the accumulation of homocyst(e)ine
in rats deficient in vitamin B-6. J. Nutr. 1984;114:103-11.

Finkelstein JD, Martin JJ. Methionine metabolism in mammals: distribution of
homocysteine between competing pathways. J. Biol. Chem.
1984:259:9508-13.

Selhub J. and Miller JW. The pathogenesis of homocysteinemia:interruption of
the coordinate regulation by S-adenosylmethionine of the remethylation
and transsulfuration of homocysteine. Am. J. Clin. Nutr. 1992;55:131-8.

Gahl WA, Bernardini I, Finkelstein JD et al. Transsulfuration in an adult with
hepatic methionine adenosyltransferase deficiency. J. Clir. Invest
1988;81:390-7.

Finkelstein JD, Chalmers FT. Pyridoxirz effects on cystathionine synthase in
rat liver. J. Nutr. 1970;100:467-9.

Eloranta TO, Kajandre EO, Raina AM. A new method for the assay of tissue S-
adenosylhomocysteine :-::: S-adenosyimethionine. Effect of pyridoxine
deficiency on the m-=:iwliem of S-adenosylhomocysteine, S-
adenosylmethinine ang oolyamines in rat liver. Biochem. J.
1976;160:287-94.

Smolin LA, Benevenga NJ. Accumulation of homocyst(e)ine in vitamin B6
deficiency: a model for the study of cystathionine $-snthase deficiency.
J. Nutr. 1982; 112:1264-72.

Meyers BA, Dubick M.A, Reynolds RD, Rucker RB. Effect of vitamin B6
(pyridoxine) deficiency on lung elastin crosslinking in perinatal and
weaning rat pups. Biochem. J. 1985; 229:153-60.

Dodds WJ. The pig model for biomedical research. FASEB J.1982; 41:247-9.

Benevenga NJI. Eviéznce for alternative pathways of methionine catabolism.
Adv. Nutr. Res. 1984; 6:1-18.

Livesey G. Methionine degradation : " Anabglic and catabolic.” Trends Biochem
Sci. 1984; 9:27-29.

Jones MA, Yeaman SJ: Oxidative decarboxylation of 4-methylthio-2-oxobutyrate
by branched-chain 2-oxo acid dehydrogenase complex. Biochem J. 1986;
237:621-623.



166.

167.

168.

169.

i70.

171.

172.

173.

174.

175.

176.

8S

Scislowski PWD, Hokland BM, Davis-van Thienen WIA, et al: Methionine
metabolism by rat muscle and other tissues. Biochem J. 1987;247:35-40.

Gahl WA, Bemardini [, Finkelstein JD et al. Transsulfuration in an adult with
hepatic methionine adenosyltransferase deficiency. J Clin Invest. 1988;
81:390-397.

Blom HJ, Gahl WA, van den Elzen JPAM et al: Evidence for formation of
methanethiol via transamination of methionine, in Soeters PB, Wilson
JHP, Meijer AJ, et al (eds): Advances in ammonia metabolism and
hepatic encephalopathy. Amsterdam, Elsevier North Holland 1988; 573-
580.

Steele RD, Benevenga NJ. The metabolism of 3-methylthiopropionate in rat
liver homogenates. J Biol Chem. 1979; 254:8885-8890.

Blom HJ, Boers GHJ, Trijbels JMF, Roessel V and Tangerman A.
Cystathionine-synthase-deficient patients do not use the transamination
pathway of nmethionine to reduce hypermethioninemia and
homocysteinemia. Metabolism 1989; 38(6):577-582.

Gurian H, Adlerberg D. The effect of large doses of nicotinic acid on
circulating lipids and carbohydrate tolerance. Am J Med Sci. 1959;
237:12-22.

Parsons WB. Studies of nicotinic acid use in hypercholesterolemia. Arch Intern
Med. 1961; 107:85-99.

Gaut ZN, Pocelinko R, Solomon HM and Thomas GB. Oral glucose tolerance,
plasma insulin, and uric acid excretion in man during chronic
administration of nicotinic acid. Metabolism 1971; 20:1031-1035.

Berge KG. Side effects of nicotinic acid in the treatment of hycholesterolemia.
Geriatrics. 1961; 16:416-422.

The Coronary Drug Project Research Group. Clofibrate and niacin in coronary
heart disease. JAMA. 1975;231:360-381.

Miettinen TA, Taskinen MR, Pelkonen R and Nikkila EA. Glucose tolerance
and plasma insulin in man during acute and chronic administration of
nicotinic acid. Acta Med Scand. 1969; 186:247-253.



177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

86

Kahn SE, Beard JC, Schwriz MWm et al. Increased B-cell secretory capacity as
a mechanism for islet cell adaptation to nicotinic acid induced insulin
resistance. Diabetes. 1989; 38:562-568.

Gary A, Grundy SM. Nicotinic acid as therapy for dyslipidemia in NIDDM.
JAMA 1990; 264:723-726.

Leklem, JE & Hollenbeck CB. Acute ingestion of glucose decreases plasma
pyridoxal 5'-phosphate and total vitmain B-6 concentration. Am. J. Clin.

Nutr. 1990; 51:832-836.

Davis RE, Calder JS and Curmnow DH. Serum pyridoxal and folate
concentrations in diabeies. Pathology. 1976; 8:151-156.

Hollenbeck CB, Leklem JE, Riddle MC & Connor WE. The composition and
nutritional adequacy of subjects-selected high carbohydrate, low fat diets
in insulin-dependent diabetes mellitus. Am. J. Clin. Nutr. 1983; 38:41-

51.

Hamfelt A & Soderhjelm L. Plasma pyridoxal phosphate in diabetes. Am. J.
Clin. Nutr. 1983; 38:841-842.

Ink SL and Henderson LM. Effect of binding to hemoglobin ard albumin on
pyridoxal transport and metabolism. J Biol Chem. 1984;259:5833-5837.

Leklem JE. Vitamin B, : Reserviors, receptors and red-cell reactions. Ann. NY
Acad Sci. 34-41.

Goldberg DM, Martin JV & Knight AH. Elevation of serum alkaline
phosphastase activity and related enzymes in diabetes mellitus. Clin
Biochem 1976; 10:8-11.

Harper AE, Benevenga NJ, Wohlheuter RM. Effects of ingestion of
disproportionate amounts of amino acids. Physiol Rev. 1970; 50:428-
558. '

Genest JJ, McNamara JR, Salem DN, Wilson PWF, Schaefer EJ and Malinow
MR. Plasma homocyst(e)ine concentrations in men with premature
coronary artery disease. J Am Coll Cardiol. 1990; 16:1114-1119.

Israelsson B, Brattstrom LE & Hultberg BL. Homocysteine and myocardial
infarction. Atherosclerosis (1988); 71:227-233.



189.

190.

191.

192.

193.

194.

195.

196.

87

Ubbink JB, Vermeek WJH, Bennett JM, Becker PJ, van Staden DA & Bissbort
S. The prevalence of homocysteinemia and hypercholesterolemia in

angiographically defined coronary heart disease. Klin Wockenshr.
1991a; 69:527-534.

Brattsrom LE, Hardebo JE & Huiltberg BL. Moderate homocysteinemia-a
possible risk factor for arteriosclerotic cerebrovascular disease. Stroke
1984; 15:1012-1016.

Coull BM, Malinow MR, Beamer N, Sexton G, Nordt F & De Garmo P.
Elevated plasma homocyst{e)ine concentration as a possible independent
risk factor for stroke. Stroke. 1990; 21:572-576.

Malinow MR. Hyperhomocyst(e)inemia: a2 common and easily reversible risk
factor for occlusive atherosclerosis. Circulation. 1990; 81:2004-2006.

Taylor LM, DeFrang RD, Harris EJ & Porter JM. The association of elevatéd
plasma homocyst(e)ine with progression of sympotomatic peripheral
arterial disease. J Vasc Surg 1991; 13:128-136.

Harker LA, Ross R, Schlichter SJ & Scott CR. Homocystine induced
arteriosclerosis: the role of endothelial cell injury and platelet response
in its genesis. J. Clin. Invest. 1976; 58:731-741.

Olszewski AJ & McCully KS. Homocysteine metabolism and the oxidative
modification of proteins and lipids. Free Radical Biol & Mecd. 1993;
14:683-693.

Harpel PC, Chang VT & Borth W. Homocysteine and other sulfhyfryl
compounds enhance the binding of lipoprotein(a) to fibrin: a potential
biochemical link between thrombosis, atherogenesis and sulfhydryl
compound metabolism. Proc. Natl Acad Sci USA. 1992; 89:10193-
10197.



