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Abstract: Caffeine, Taurine and Arginine are one of the most widely used supplements from people of all ages. There are lot of
controversial information about their proper use and effects and side effects. Our goal is to determine the reasonable boundaries
of using these supplements in healthy people and more important in people with socially important diseases like high blood

pressure, diabetes and dementia.
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1. Introduction

Amino acids are important organic compounds. They are so
called “building blocks” of our peptides. In mammals amino
acids can be divided in: essential, semi essential and
non-essential. Arginine is classified as a semiessential or
conditionally essential amino acid, depending on the
developmental stage and health status of the individuals [1]. It
was first isolated from a Lupin seedling extract in 1886 by the
Swiss chemist Ernst Schultze [2]. Taurine
(2-Aminoethylsulfonic) acid is an amino sulfonic acid,
sometimes referred to as an amino acid. It is not amino acid in
the usual biochemical meaning of the term, which is referred
to compounds containing both an amino and a carboxyl group.
Taurine does not link with other amino acids or the building
blocks of the proteins hence it does not take part in protein
synthesis. It is a major constituent of bile and can be found in
the large intestine, and accounts for up to 0,1 % of total human
body weight [3]. Caffeine on the other hand doesn’t belong to
amino acid family and can’t be found naturally in human body
like Taurine and Arginine. It is white crystalline powder
xanthine alkaloid. Caffeine is classified as a CNS stimulant. It
is the world's most widely consumed psychoactive drug, but

unlike many other psychoactive substances, it is legal and
unregulated in nearly all parts of the world. Caffeine is
classified by the Food and Drug Administration as "generally
recognized as safe".

2. Caffeine

Caffeine is found in the seeds of coffee plant; the leaves of
tea bush and in cola nuts, which are the usual source of
caffeine for various energy drinks, nutritional supplements
and foods. Other famous sources include guarana and yerba
mate. Caffeine is extracted from the plant parts with a process
called infusion. Beverages containing caffeine enjoy great
popularity nowadays all over the world [4]. Caffeine is the
most widely ingested psychoactive drug in the world. Chronic
use of caffeine leads to dependence and tolerance. Caffeine in
the smokers and heavy caffeine users had a shorter half-life
(3.2 and 4.1 hours) than that in nonsmokers and nonusers (5.1
and 5.3 hours). In the caffeine in tolerant group it had a longer
half-life, while the cardiovascular effects were similar to those
of the other groups [5].

Caffeine in the diet has modest effect to the blood pressure,
probably in the region of 4/2mm Hg. However its effects should
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not be underestimated, it could be reason for premature deaths
in 14% of coronary heart disease and 20% for stroke [5].

Coffee, about two cups/day, is found to be negatively
related to the diabetes risk. This although can be applied only
to nonelderly people who had previously lost weight and there
is also positive dose-response relationship between diabetes
risk and weight change [7]. Caffeine/coffee consumption is
associated with a decreased risk of diabetes type 2 and
possibly also with a decreased dementia risk, although further
research is needed [8].

Recent study of psychostimulant actions of chronic use of
caffeine (1 mg/mL drinking solution for 30 days) on short and
long term memory and brain-derived neurotrophic factor in
young and middle-aged rats shows that caffeine use treatment
substantially reduced age-related impairments in the two types
of memory. In addition chronic use of caffeine increased
brain-derived neurotrophic factors in the hippocampus and
contribute to the pro-cognitive effects on age-associated losses
in memory encoding [9]. Another double-blind
placebo-controlled research showed that acute -caffeine
administration was associated with increased load-related
activation compared to placebo in the left and right
dorsolateral prefrontal cortex during working memory
encoding, but decreased load-related activation in the left
thalamus during working memory maintenance. Therefore,
the effects of caffeine on working memory may be attributed
to both a direct effect of caffeine on working memory
processes, as well as an indirect effect on working memory via
arousal modulation [10].

A study performed with Alzheimer’s disease transgenic mice
shows that average daily intake of caffeine per mouse (1.5 mg)
was the human equivalent of 500 mg content of caffeine and the
amount typically found in five cups of coffee per day lowers
hippocampal B-amyloid levels. Moderate daily intake of
caffeine may delay or reduce the risk of Alzheimer’s disease
[11]. Caffeine modulates neuronal activity, 100 mg caffeine 20
min prior to the performance of the working memory task,
caused an increased response in bilateral medial frontopolar
cortex, extending the right anterior cingulated cortex [12].

3. Taurine

Taurine has many fundamental biological roles, such as
conjugation of bile acids, antioxidation, osmoregulation,
membrane stabilization, and modulation of calcium signaling.
It is very important for cardiovascular function, development
and function of skeletal muscle, the retina, and the central
nervous system.

Taurine is named after the Latin fauris (a cognate of the
Greek) which means bull or 0x, as it was first isolated from ox
bile in 1827 by German scientists Friderich Tiedemann and
Leopold Gmelin. Naturally taurine can be found in fish and
meat. The mean daily intake from omnivore diets is
determined to be around 58 mg and to be low or negligible
from a strict vegan diet. Some studies show that taurine intake
is generally less than 200mg/day, even in individuals on a
high-meat diet. According to Hayes KC and Trautwein EA in

“Modern nutrition in health and disease” taurine consumption
is estimated to vary between 40 and 400 mg/day [13].
2-Aminoethylsulfonic acid is a major constituent of bile and
can be found in the large intestine and in the tissues of many
animals, including humans [14, 15]. Biosynthesis of taurine in
mammalian organisms occurs in the pancreas via the cysteine
sulfinic acid pathway. In this pathway, the thiol group of
cysteine is first oxidized to cysteine sulfinic acid by the nzyme
cysteine dioxygenase. Cysteinie sulfinic acid, in turn, is
decarboxylated by sulfinoalanine decarboxylase to form
hypotaurine. Hypotaurine is then oxidized to taurine.

High concentration of taurine exists in skeletal muscles.
Taurine has been shown to participate in the
excitation-contraction coupling mechanism in skeletal muscle,
which means that it affects the transmission of an electrical
signal into muscle fibers. Taurine has also been shown to
prevent the decrease in structural proteins present in skeletal
muscle. Study data report that depletion and repletion of muscle
taurine to endogenous levels affects skeletal muscle
contractility. In a laboratory experiments the effects of
hereditary taurine deficiency on muscle function were
examined in taurine transporter knockout mice which resulted
in severe skeletal muscle impairment leaving cardiac function
uncompromised [16]. Moreover taurine exerts protective
properties against ethanol-induced hepatic steatosis and lipid
peroxidation during chronic ethanol soncumption in rats [17,
18]. The supplement plays an important role in the modulation
of cardiovascular function by acting not only within the brain
but also within peripheral tissues which is observed in
experiments [19].

Taurine is regularly used as an ingredient in energy drinks,
with many containing 1000mg per serving [20], and some as
much as 2000mg [21]. Following a request from the European
Commision, The European Food Safety Authority's (EFSA)
Panel on Food Additives and Nutrient Sources added to Food
(ANS) has concluded that exposure to taurine through regular
consumption of energy drinks is not of safety concern [22]. A
review published in 2008 found no documented reports of
negative or positive health effects associated with the amount
of taurine used in energy drinks, concluding, “The amounts of
guarana, taurine, and ginseng found in popular energy drinks
are far below the amounts expected to deliver either
therapeutic benefits or adverse events” [23].

The different physiological actions of taurine demonstrate
its importance for cardiovascular function, development and
function of skeletal muscle, the retina, and the central nervous
system [24]. Taurine is conjugated via its amino terminal
group with chenodeoxycholic acid and cholic acid to form the
bile salts sodium taurochenodeoxycholate and sodium
taurocholate. The low pKa [25] of taurine's sulfonic acid
group ensures this moiety is negatively charged in the pH
ranges normally found in the intestinal tract, thus it improves
the surfactant properties of the cholic acid conjugate.

Taurine passes through the blood-brain barrier [26, 27, 28]
and is involved in a variety of physiological processes including
neurotransmission  [29], membrane stabilization [30],
protection against glutamate excitotoxicity [31] and prevention
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of epileptic seizures [32], long-term potentiation in the
striatum/hippocampus [33], calcium homeostasis [34], recovery
from osmotic shock [35], feedback inhibition of
neutrophil/macrophage respiratory burst, adipose tissue
regulation and possible prevention of obesity [36, 37]. Taurine
has an antioxidant effect and plays protective role against
various toxic substances (for example lead and cadmium) [38,
39, 40, 41]. Additionally, supplementation with taurine has been
shown to prevent oxidative stress induced by exercise [42].

In a study conducted by Yanagita and colleagues taurine is
found to reduce the secretion of apolipoprotein B100 and
lipids in HepG2 cells [43]. Higher concentrations of serum
lipids and apolipoprotein B100 (apoB - essential structural
component of VLDL and LDL) are major individual risk
factors of atherosclerosis and coronary heart disease. Thus
there is possibility taurine containing supplements to reduce
the risk of these diseases. Taurine has beneficial effects on
lipid metabolism in experimental animals fed with
high-cholesterol or high fat diets presenting his
cholesterol-lowering effect. Furthermore, body weight also
decreased significantly with taurine supplementation in theses
animal studies [44, 45].

There is wealth of experimental information and some
clinical evidence available in the literature suggesting that
taurine could be of benefit in cardiovascular diseases of
different etiologies such as: congestive heart failure,
hypertension, ischemic heart disease, atherosclerosis and
diabetic cardiomyopathy [46].

In the cells, taurine keeps potassium and magnesium inside
the cell while keeping excessive sodium out. In this sense it
works like a diuretic. But unlike prescription diuretics, it is not
a cellular poison. It does not act against the kidney, but
improves kidney function instead. Taurine is very useful in
fighting tissue swelling and fluid accumulation. In the brain
and the heart taurine stabilizes the cell membrane by
regulating the electro-chemical forces. It tends to inhibit and
modulate neurotransmitters in the brain and helps to stabilize
cell membranes. Because it aids the movement of potassium,
sodium, and calcium in and out of the cell, taurine has been
used as a supplementation for epileptics as well as for people
who have uncontrollable facial twitches [47].

As mention before taurine plays very important role for
normal skeletal muscle functioning [16]. Mice with genetic
taurine deficiency had a nearly complete depletion of skeletal
and cardiac muscle taurine levels and a reduction of more than
80% of exercise capacity compared to control mice. Taurine
reverses neurological and neurovascular deficits in
experimental type 2 diabetic rats by influencing defects in
nerve blood flow, changing the motor nerve conduction
velocity, and nerve sensory thresholds [48, 49]. Again in
diabetic rats, taurine is found to decreases significantly weight
and blood sugar [50]. However according to a single study on
human subjects, daily administration of 1.5 g of taurine had no
significant effect on insulin secretion or insulin sensitivity
[51]. Taurine may exert a beneficial effect in preventing
diabetes-associated microangiopathy [52]. It can attenuate
hyperglycemia-induced apoptosis in human tubular cells via

an inhibition of oxidative stress and might prevent
tubulointerstitial injury in diabetic nephropathy [53].

Taurine is possible safe for adults. It has been used safely by
adults in studies lasting up to one year. However, there is one
repost of brain damage in a body-builder who took about 14
grams of taurine in combination with insulin and anabolic
steroids. It is not known if this was due to the taurine or the
other drugs taken. Excess taurine is typically excreted by the
kidneys.

4. Arginine

Arginine is an important precursor in human body for
synthesis of nitric oxide, urea and it is vital for “production” of
creatine and glutamate. The last two substances are involved
closely with proper brain, cardiovascular and muscle function.
In literature exist numerous data showing the positive
influence of nitric oxide in brain function. One recent research
shows promising results in modulating and improving short
term memory by nitric oxide [54]. As we mentioned before
Arginine is an immediate precursor in biological synthesis of
NO. Another important effect of Arginine in brain function
and plasticity is investigated in a in vitro study which shows
promising results in slowing age related memory loss in rat
models. In a study published in "International Journal of
Clinical and Experimental Pathology" found that L-arginine
could affect the origination and development of Alzheimer
disease. Yet there are still a lot of questions that should be
answered about using Arginine as a supplement in diseases
that affect brain structures [55].

Clinical data showing also controversial findings about
increasing muscle mass and weight gain in patients with
tuberculosis supplemented with Arginine [56]. This ability of
L-Ariginine may be related with another study that shows
linkage between oral supplementation of this amino acid and
increasing levels in growth hormone [57]. Studies in
malnourished patients with head and neck cancer showed
lower fistula rates, decreased length of hospital stay, and a
trend toward improved survival, while other trials were unable
to demonstrate a positive clinical outcome [58]. In a study of
patients who had undergone surgery for esophageal cancer,
L-arginine given enterally as part of an immuno-enhanced diet
with omega-3 fatty acids and RNA was found to inhibit the
decrease in platelets following surgery and reduce
prothrombin activity and thrombin-antithrombin IIT complex
levels. Additionally, the proportion of T-cells was higher in
patients receiving this enteral product on postoperative days 1
and 7. Thus, an immuno-enhanced diet containing L-arginine
may be beneficial in patients following surgery for esophageal
cancer to reduce the risk for infectious complications [59].

Very interesting trials in patients suffering from Diabetes
type 2 shows improvement in their well-being when Arginine
was administrated to them. Administration stimulates insulin
secretion and enhances insulin-mediated glucose disposal, with
various mechanisms suggested: 1. beta-cells in the pancreas
take up positively charged L-arginine molecules, resulting in
plasma membrane depolarization; 2. metabolism of L-arginine
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by arginase yields ornithine and urea; 3. nitric oxide is produced
from L-arginine by the enzyme nitric oxide synthase [60, 61]. A
long-term study of L-arginine supplementation (9 g/day for 1
month) in patients with type 2 diabetes resulted in improved
peripheral and hepatic insulin sensitivity. No changes in body
weight, glycated hemoglobin, serum potassium, diastolic blood
pressure, or heart rate were demonstrated. Systolic blood
pressure decreased in the L-arginine group, low-dose of
L-arginine—enriched blood demonstrated a protective effect in
ischemia/reperfusion injury, with a lower incidence of
perioperative myocardial infarction and a decreased length of
stay in the intensive care unit and hospital. Another study shows
that low dose of L-Arginine could relax cavernous smooth
muscle in the penis for which is required nitric oxide this,
suggest the role of Arginine in erectile dysfunction [62]. Studies
in rats produced an erectile response and altered vascular tone,
but in a human clinical trial, no difference was established
between L-arginine 500 mg 3 times daily and placebo [63]. A
study of L-arginine in combination with pycnogenol (an extract
of French maritime pine bark consisting of procyanidins,
catechin, and taxifolin) demonstrated improved sexual function
in 80% of treated men. Further increases in pycnogenol amount
achieved improvement in 92.5% of men by the end of the study.
Treatment with L-arginine was associated with 5% of patients
achieving a normal erection [64].

Other reported uses of L-arginine are in Sickle cell anemia
and pulmonary hypertension. In 10 patients with sickle cell
disease and pulmonary hypertension (mean, 32.7 & 15 years of
age) given oral L-arginine 0.1 g/kg 3 times daily for 5 days,
supplementation was associated with a 15.2% mean reduction
in pulmonary artery systolic pressure (63.9 = 13 to 54.2 + 12
mm Hg, P = 0.002). Of the 9 compliant patients, follow-up
echocardiography results at 1 month showed that 4 patients
reverted back to baseline pulmonary artery systolic pressure
values, 1 patient worsened and was admitted for acute chest
syndrome, and 4 patients persistently improved; 2 of the
patients who improved were started on transfusion therapy, and
1 of these patients continued treatment with L-arginine therapy
at a dose of 0.1 g/kg twice dailyThe effects in patients with
sickle cell disease of L-arginine 0.1 to 0.2 g/kg divided 3 times
daily versus sildenafil 25 to 100 mg 3 times daily on safety,
cardiopulmonary function, and fetal hemoglobin were assessed
[65]. L-arginine did not improve pulmonary pressure or
6-minute walking distances, while sildenafil did. However, fetal
hemoglobin levels were insignificantly reduced by 2.9% =+
16.1% from baseline in patients receiving L-arginine. In those
treated with sildenafil, fetal hemoglobin levels increased [66].

In literature exists a lot of small trials that involve Arginine
in cytokine modulation, helping with the problem “sensitive
teeth’s” when it is included in toothpaste’s and many other
possible uses. That’s why it is very important people who are
willing to take Arginine to know it’s interactions save doses in
different conditions and side effects. Arginine interactions
could be divided in three groups: Major and Moderate. Major :
medications for high blood pressure (antihypertensive drugs),
medications that increase blood flow to the heart (nitrates).
Moderate interactions could be observed with: Sildenafil,

Tadalafil, Vardenafil and cholesterol lowering agents [67].
Dosage could vary between 6 to 30 g/day for a variety of
conditions. Parenteral, enteral, intramural, and topical
formulations have been used.

5. Conclusion

Arginine and Taurine regulate great number of biochemical
processes in our body. On the other hand Caffeine is a
xenobiotic that for many people is an essential supplement.
All the literature data we collect shows that the difference
between toxic and safe effective dosage couldn’t be exactly
pointed. In people affected by diabetes, cardiovascular
deceases or dementia we recommend consultation with
healthcare professional and to use the lowest effective dose of
each of these three supplements. The dose has to be defined
after thorough evaluation of patient health status.

References

[1] H. Tapiero, G. Mathé, P. Couvreur and K.D. Tew "L-Arginine",
Biomedicine and Pharmacotherapy, 2002, 56, pp. 439—445.

[2] Watson, R. Ross, Bioactive Dietary Factors and Plant Extracts in
Dermatology. Springer Science+Business Media. 2012. pp. 74.

[3] R.J. Huxtable, "Physiological actions of taurine". Physiol Reyv,
1992, 72, pp. 101-163.

[4] R. Lovett, "Coffee: The demon drink?", New Scientist, 2005,
pp. 2518.

[S] T. L. Whitsett, C.V. Manion, H. Dix Christensen;
Cardiovascular effects of coffee and caffeine, The American
Journal of Cardiology, 1984, 53, pp. 918-922.

[6] J.E. James, Critical review of dietary caffeine and blood
pressure: a relationship that should be taken more seriously,
Psychosomatic medicine, 2004, 66, pp. 63-71.

[7T J.A. Greenberg, K.V. Axen, R. Schnoll, C.N. Boozer, Coffee,
Tea and diabetes: the role of weight loss and caffeine;
International journal of obesity; 2005, 29, pp. 1121-1129.

[8] GJ. Biessels, Caffeine, diabetes, cognition, and dementia;
Journal of Alzheimer’s disease, 2010, 20, pp. 143-150.

[9] C. Sallabery, F. Nunes, M.S. Costa, G.T. Fioreze, A.P. Ardais,
P.H. Botton, B. Klaudat, T. Forte, D.O. Souza, E. Elisabetsky,
L.O. Porciuncula, Chronic caffeine prevents changes in
inhibitory avoidance memory and hippocampal BDNF
immunocontent in middle-aged rats; Neuropharmacology;
2013, 64, pp.153-159.

[10] E.B. Klaassen, R.H.M. de Groot, E.A.T. Evers, J. Snel, E.C.L.
Veerman, A. J.M. Ligtenberg, J. Jolles, D. J. Veltman; The
effect of caffeine on working memory load-related brain
activation in middle-aged males, Neuropharmacology; 2013,
64, pp. 160-167.

[11] GW. Arendash, W. Schleif, K. Rezai-Zadeh, E.K. Jackson, L.C.
Zacharia, J.R. Cracchiolo, D. Shippy, J. Tan, Caffeine protects
Alzheimer’s mice against cognitive impairment and reduces
brain B-amyloid production, Neuroscience, 2006, 142, pp.
941-952.



28

[12]

[13]

[14]

[15]

[16]

[21]

[22]

[23]

Yotova Maya et al.:

Pharmacological Value of Caffeine, Taurine and Arginine in Nutritional Supplements and their

Relation to Well Known Socially Important Diseases

F. Koppelstaetter, T.D. Poeppel,C.M. Siedentopf,A.
Ischebeck,M. Verius,I. Haala,F.M. Mottaghy,P. Rhomberg,S.
Golaszewski, T. Gotwald,I.LH.  Lorenz,C.  Kolbitsch,S.
Felber,B.J. Krause, Does caffeine modulate verbal working
memory processes? An fMRI study, Neurolmage, 2008, 39, pp.
492-499.

K.C. Hayes and E.A. ,Trautwein Modern nutrition in health and
disease. In: Taurine. Lea & Febiger. 1994, pp. 477-485.

T. Bouckenooghe, C. Remacle, B. Reusens "Is taurine a
functional nutrient?". Current Opinion in Clinical Nutrition and
Metabolic Care, 2006, 9, pp. 728-733.

J. Brosnan, M. Brosnan, "The sulfur-containing amino acids:
an overview", J Nutr, 2006, 136, pp. 1636S-1640S.

U. Warskulat, U. Flogel, C. Jacoby, H.G. Hartwig, M.
Thewissen, M. W. Merx, A. Molojavyi, B. Heller-Stilb, J.
Schrader and D. Haussinger, "Taurine transporter knockout
depletes muscle taurine levels and results in severe skeletal
muscle impairment but leaves cardiac  function
uncompromised". The FASEB Journal, 2004, 18, pp. 03—0496.

M.D.J. Kerai, C. J. Waterfield, S. H. Kenyon, D. S. Asker, J. A.
Timbrell, "Taurine: Protective  properties  against
ethanol-induced hepatic steatosis and lipid peroxidation during
chronic ethanol consumption in rats", Amino Acids, 1998, 15,
pp. 53-76.

B. McCall,
(2005-12-28).

"The ultimate hangover cure?". bbc.co.uk.

A. El Idrissi, E. Okeke, X .Yan, F. Sidime, L.S. Neuwirth
"Taurine regulation of blood pressure and vasoactivity", Adv.
Exp. Med. Biol., 2013, 775, pp. 407-425.

C. Alford, H. Cox, R. Wescott, The effects of Red Bull Energy
Drink on human performance and mood, Amino Acids, 2001,
21, pp. 139-150.

0. P. Wojcik, K. L. Koenig, A. Zeleniuch-Jacquotte, M. Costa,
Y. Chen, The potential protective effects of taurine on coronary
heart disease , Atherosclerosis, 2008, 1, pp. 19 — 25.

The use of taurine and D-glucurono-y-lactone as constituents of

the so-called “energy” drinks, The EFSA Journal, 2009, 935, pp.

1-31.

M.D.J. Kerai, C. J. Waterfield, S. H. Kenyon, D. S. Asker, J. A.
Timbrell,  "Taurine:  Protective  properties  against
ethanol-induced hepatic steatosis and lipid peroxidation during
chronic ethanol consumption in rats". Amino Acids, 1998, 15,
pp- 53-76.

R.J. Huxtable, "Physiological actions of taurine". Physiol Rev,
1992, 72. pp. 101-163.

C.S. Irving, B.E. Hammer, S.S. Danyluk, P.D. Klein "13C
Nuclear Magnetic Resonance Study of the Complexation of
Calcium by Taurine". Journal of Inorganic Biochemistry, 1980,
13, pp. 137-150.

N. Urquhart, T.L. Perry, S. Hansen, J. Kennedy, "Passage of
taurine into adult mammalian brain". Journal of
Neurochemistry, 1974, 22, pp. 871-872.

A. Tsuji, I, Tamai, "Sodium- and chloride-dependent transport
of taurine at the blood-brain barrier", Advances in
Experimental Medicine and Biology, 1996, 403, 385-391.

[28]

[36]

[37]

[38]

[40]

[41]

[42]

J. Salimiki, G. Scriba, T.P. Piepponen, N. Rautolahti, L. Ahtee,
"The effects of systemically administered taurine and
N-pivaloyltaurine on striatal extracellular dopamine and
taurine in freely moving rats". Naunyn-Schmiedeberg's
Archives of Pharmacology, 2003, 368, pp. 134-141.

M.F. Olive, "Interactions between taurine and ethanol in the
central nervous system", Amino Acids, 2002, 23, pp. 345-357.

T.C. Birdsall, "Therapeutic applications of taurine", Alternative
Medicine Review, 1998, 3, pp. 128-136.

R. Leon, H. Wu, Y. Jin, J. Wei, C. Buddhala, H. Prentice, J.Y.
Wu, "Protective function of taurine in glutamate-induced
apoptosis in cultured neurons". Journal of Neuroscience
Research, 2008, 87.

A. El Idrissi, J. Messing, J. Scalia, E. Trenkner, "Prevention of
epileptic seizures by taurine", Advances in Experimental
Medicine and Biology, 2003, 526, pp. 515-525.

J. Jr. Dominy, J.S. Thinschmidt, J. Peris, R. Jr. Dawson, R.L.
Papke, "Taurine-induced long-lasting potentiation in the rat
hippocampus shows a partial dissociation from total
hippocampal taurine content and independence from activation
of known taurine transporters". Journal of Neurochemistry,
2004, 89, pp. 1195-1205.

T.M. Foos, J.Y. Wu, "The role of taurine in the central nervous
system and the modulation of intracellular calcium
homeostasis", Neurochemical Research, 2002, 27, pp. 21-26.

W. Stummer, A.L. Betz, P. Shakui, R.F. Keep, "Blood-brain
barrier taurine transport during osmotic stress and in focal
cerebral ischemia". Journal of Cerebral Blood Flow and
Metabolism, 1995, 15, pp. 852-859.

T. Ide, M. Kushiro, Y. Takahashi, K. Shinohara, S. Cha,
"mRNA expression of enzymes involved in taurine
biosynthesis in rat adipose tissues, Metabolism: Clinical and
Experimental, 2002, 51, pp. 1191-1197.

N. Tsuboyama-Kasaoka, C. Shozawa, K. Sano, Y. Kamei, S.
Kasaoka, Y. Hosokawa, 0. Ezaki, "Taurine
(2-aminoethanesulfonic acid) deficiency creates a vicious
circle promoting obesity". Endocrinology, 2006, 147, pp.
3276-3284.

T.R. Green, J.H. Fellman, A.L. Eicher, K.L. Pratt, "Antioxidant
role and subcellular location of hypotaurine and taurine in
human neutrophils", Biochimica et Biophysica Acta, 1991,
1073, pp. 91-97.

H. Giirer, H. Ozgiines, E. Saygin, N. Ercal, "Antioxidant effect
of taurine against lead-induced oxidative stress", Archives of
Environmental Contamination and Toxicology, 2001, 41, pp.
397-402.

J. Das, J. Ghosh, P. Manna, P.C. Sil, "Taurine provides
antioxidant defense against NaF-induced cytotoxicity in
murine hepatocytes", Pathophysiology, 2008, 15, pp. 181-190.

M. Sinha, P. Manna, P.C. Sil, "Taurine protects the antioxidant
defense system in the erythrocytes of cadmium treated mice".
BMB Reports, 2008, 41, pp. 657-663.

M. Zhang, 1. Izumi, S. Kagamimori, S. Sokejima, T. Yamagami,
Z. Liu, B. Qi, "Role of taurine supplementation to prevent
exercise-induced oxidative stress in healthy young men".
Amino Acids, 2004, 26, pp. 203-207.



[43]

[44]

[45]

[46]

[47]

[48]

[50]

[51]

[52]

[53]

[54]

[55]

International Journal of Nutrition and Food Sciences 2015; 4(1-1): 24-29 29

T. Yanagita, S.Y. Han, Y. Hu, K. Nagao, H. Kitajima, S.
Murakami, "Taurine reduces the secretion of apolipoprotein
B100 and lipids in HepG2 cells", Lipids in Health and Disease,
2008, 7, pp. 38.

M. Zhang, L.F. Bi, J.H. Fang, X.L. Su, GL. Da, T. Kuwamori, S.
Kagamimori, "Beneficial effects of taurine on serum lipids in
overweight or obese non-diabetic subjects". Amino Acids,
2004, 26, pp. 267-271.

MJ. Choi, J.H. Kim, K.J. Chang, "The effect of dietary taurine
supplementation on plasma and liver lipid concentrations and
free amino acid concentrations in rats fed a high-cholesterol
diet". Advances in Experimental Medicine and Biology.
Advances in Experimental Medicine and Biology, 2006, 583,
pp. 235-242.

Y.J. Xu, A.S. Ameja, P.S. Tappia, N.S. Dhalla, The potential
health benefits of taurine in cardiovascular disease.
Experimental & Clinical Cardiology, 2008, 13, pp. 57-65.

GF. Marchesi, A. Quattrinui, O. Scarpino, R. Dellantonio,
Therapeutic effects of taurine in epilepsy: a clinical and
polyphisiographic study, Riv Patol Nerv Ment, 1975, 96,
pp-166-184.

F. Li, O.I. Abatan, H. Kim, D. Burnett, D. Larkin, 1.G
Obrosova, M.J. Stevens, "Taurine reverses neurological and
neurovascular deficits in Zucker diabetic fatty rats",
Neurobiology of Disease, 2006, 22, pp. 669—676.

R. Pop-Busui, K.A. Sullivan, C. Van Huysen, L. Bayer, X. Cao,
R. Towns, M.J. Stevens "Depletion of taurine in experimental
diabetic neuropathy: implications for nerve metabolic, vascular,
and functional deficits", Exp Neurol, 2001, 168, pp. 259-272.

N. Yutaka, A. Minami, N. Harada, S. Sakamoto, Y. Niwa, M.
Ohnaka, "Taurine improves insulin sensitivity in the Otsuka
Long-Evans Tokushima Fatty rat, a model of spontaneous type
2 diabetes", American Journal of Clinical Nutrition, 2000, 71,
pp. 54-58.

C. Brans, C. Spohr, H. Storgaard, J. Dyerberg, A. Vaag. "Effect
of taurine treatment on insulin secretion and action, and on
serum lipid levels in overweight men with a genetic
predisposition for type II diabetes mellitus, European Journal
of Clinical Nutrition, 2004, 58, pp. 1239-1247.

Q.D. Wu, JH. Wang, F. Fennessy, H.P. Redmond, D.
Bouchier-Hayes, "Taurine prevents high-glucose-induced
human vascular endothelial cell apoptosis", The American
journal of physiology, 1999, 277, pp. 1229—-1238.

D. Verzola, M.B. Bertolotto, B. Villaggio, L. Ottonello, F.
Dallegri, G. Frumento, V. Berruti, M.T. Gandolfo, G. Garibotto,
G. Deferran, "Taurine prevents apoptosis induced by high
ambient glucose in human tubule renal cells", Journal of
investigative medicine: the official publication of the American
Federation for Clinical Research, 2002, 50, pp. 443—451.

S. L. Gage, A. Nighorn, The role of nitric oxide in memory is
modulated by diurnal tim, Front Syst Neurosci, 2014, 8, pp. 59.

M. Rushaidhi, Y. Jing, J.T. Kennard, N.D. Collie, J.M.
Williams, H. Zhang, P. Liu, Aging affects L-arginine and its
metabolites in memory-associated brain structures at the tissue
and synaptoneurosome levels, Neuroscience, 2012, 3, 21-31.

[56]

[57]

[58]

[60]

[61]

[62]

[63]

[65]

[66]

[67]

T. Schon, D. Elias, F. Moges, E. Melese, T. Tessema, O.
Stendahl, S. Britton, T. Sundqvist, Arginine as an adjuvant to
chemotherapy improves clinical outcome in active tuberculosis.
Eur Respir J, 2003, 21, pp. 483-488.

J.A. Kanaley, Growth hormone, arginine and exercise, Curr
Opin Clin Nutr Metab Care, 2008, 11, pp. 50-54.

M.A. Van Bokhorst-De Van Der Schueren, J.J. Quak, B.M. Von
Blomberg-van der Flier, D.J. Kuik, S.I. Langendoen, G.B.
Snow, C.J. Green, P.A. Van Leeuwen, Effect of perioperative
nutrition, with and without arginine supplementation, on
nutritional status, immune function, postoperative morbidity,
and survival in severely malnourished head and neck cancer
patients, Am J Clin Nutr, 2001, 73, pp. 323-332.

S. Aiko, Y. Yoshizumi , T. Ishizuka, T. Horio, T. Sakano, I.
Kumano, N. Kanai, T. Maehara, Enteral immuno-enhanced
diets with arginine are safe and beneficial for patients early
after esophageal cancer surgery, Dis Esophagus, 2008, 21, pp.
619-627.

J.W. Cheng, S.N. Baldwin, L-arginine in the management of
cardiovascular diseases, Ann Pharmacother, 2001, 35, pp.
755-764.

P.H. Tsai, T.K. Tang, C.L. Juang, K.W. Chen, C.A. Chi, M.C.
Hsu, Effect of arginine supplementation on post-exercise
metabolic responses, Chin J Physiol, 2009, 52, pp. 136-142.

T.J. Bivalacqua, E.K. Diner, T.E. Novak, Y. Vohra, S.C. Sikka,
H.C. Champion, P.J. Kadowitz, W.J. Hellstrom, A rat model of
Peyronie's disease associated with a decrease in erectile activity
and an increase in inducible nitric oxide synthase protein
expression, J Urol, 2000, 163, pp. 1992-1998.

T. Klotz, M.J. Mathers, M. Braun, W. Bloch, U. Engelmann,
Effectiveness of oral L-arginine in first-line treatment of
erectile dysfunction in a controlled crossover study, Urol Int .
1999, 63, pp. 220-223.

P.C. Rodriguez, A.C. Ochoa, Arginine regulation by myeloid
derived suppressor cells and tolerance in cancer: mechanisms
and therapeutic perspectives. Immunol Rev, 2008, 222, pp.
180-191.

C.R. Morris, S.M. Morris Jr, W. Hagar, J. Van Warmerdam, S.
Claster, D. Kepka-Lenhart, L. Machado, F.A. Kuypers, E.P.
Vichinsky, Arginine therapy: a new treatment for pulmonary
hypertension in sickle cell disease? Am J Respir Crit Care Med,
2003, 168, pp. 63-69.

J.A. Little, K.P. Hauser, S.E. Martyr, A. Harris, 1. Maric, C.R.
Morris, J.H. Suh, J. Taylor, O. Castro, R. Machado, G. Kato,
M.T. Gladwin, Hematologic, biochemical, and
cardiopulmonary effects of L-arginine supplementation or
phosphodiesterase 5 inhibition in patients with sickle cell
disease who are on hydroxyurea therapy, Eur J Haematol, 2009,
82, pp. 315-321.

E.H. Fleischmann, M.P. Schlaich, B.M. Schmidt, S. Oehmer,
R.E. Schmieder, Hypercholesterolaemia and treatment with
statins do not alter L-arginine-induced changes of renal
haemodynamics, Nephrol Dial Transplant, 2002, 17, pp.
1758-1765.



