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•2-Aminoethane sulfonic acid, or taurine, is a phylogenetically ancient 
compound with a disjunctive distribution in the biosphere. 

•It is present in high concentration in algae and in the animal kingdom, 
including insects and arthropods, but is generally absent or present in 
traces in the bacterial and plant kingdoms. 

•In many animals, including mammals, it is one of the most abundant of 
the low-molecular-weight organic constituents. 

•A 70-kg human contains up to 70 g of taurine. 

•One is not tumbling into the abyss of teleology in thinking that a 
compound conserved so strongly and present in such high amounts is 
exhibiting functions that are advantageous to the life forms containing it.

Huxtable R J, Physiological Reviews 1992

What Is Taurine ? 



Taurine is a β-amino-acid

•Suphur is more electronegative than oxygen. 
•Methionine, cysteine, homocysteine, and taurine are the 4 common sulfur-
containing amino acids, but only the first 2 are incorporated into proteins.
•Taurine is termed as a non-essential but very important α /α

A beta amino acid is the one where the amino group of -NH2 is attached to the 
secondary carbon rather than the Alpha carbon.



Taurine Biosynthesis (Liver) 
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Taurine Metabolism

Association of taurine with the antioxidant network: a redundancy of the immune system.

Taurine haloamines, the products of MPO–halide system, function as a physiological link 
between cysteine pathway and the heme-oxygenase-1 system (HO-1)

Marcinkiewics et al amino acids 2014



Redox metabolism of Glutathionine (GSH) and Taurine
A Redox Balance

Samualsson M, et al. Psychiatry Res. 2013. 

Elevated levels of GSH in 
scizophrenic first episode 
temporal lobes  Oxidative 
stress

Deficits in post mortem 
Scizo patients

Dysregulation of GSH 
metabolism 
vulnerability to 
scizophrenia

GSH as cysteine storage via the γ-glutamyl cycle. The γ-glutamyl cycle 
utilize GSH as a continuous source of cysteine.

Shelly C, Lu MD Mol Aspects Med. 2009 

During Glutamine 
Supplementation the MPO 

activity is reduced during sepsis
Yeh C. Nutrition 2006 



Taurine fulfils most if not all criteria to be accepted as a 
neurotransmitter in mammalian CNS

Wu JY, Prentice H,. J. Biomedical Science 2010

Specific criteria

•Substance / enzyme present in neuron

• Release upon stimulation / Ca2+ dependent

•Elicits proper physiologic response

•A specific receptor is present

•Inactivation mechanism is present to end process

Specific enzyme namely: cysteic/cysteine sulfinic acid 
decarboxylase (CAD/CSAD) & L-glutamate dehydroxylase
(GAD) present in the brain

Both CAD / CSAID & GAD present in cell body, 
dendrite and nerve terminal 

Release of taurine both Ca2+ dependent & independent 

Taurine elicits neural hyperpolarisation by 
opening the chloride channels in cerebellum and 
hipocampus

A specific taurine receptor is present distinct from 
GABA receptors  (taurinergic system)

Specific taurine transporter 
inactivation system / function has 
been found 

Regulation of calcium transport 

Through IP3 / PLC 
system

Reduction 
of IP3

mediated 
Ca2+ 

internal 
loss



N-chlorotaurine (NCT) and N-bromotaurine (NBrT) are the 
physiological products of activated neutrophils, resulting from the 
reaction between taurine with hypochlorous acid (HOCl) and 
hypobromous acid (HOBr), respectively. 

Derivatives of Taurine



A fine example of DNA and RNA replication toxicities by chlorination and 
subsequent bromination of Uracil and Deoxycytidine

Myeloperoxidase
Eosinophil Peroxidase

Cl- H2O2 Br_

HOCl
HOBr chloride independent 

Interhalogenation oxidizing 
compounds controlling e-

transfer availability 

Trans -bromination of uracil
and deoxycytidine which 

are highly toxic cell 
health

+Br-

Inhibited by 
taurine in the 
MPO but not the 
EPO system Henderson JP et al. J Biol.Chem. 2001 Krokan HE et al. Oncogene 2002

H2O2

Weakly used if not to 
trans-chlorinate  

+ Br 

HOBr Chloride dependant 

21st Taurine Meeting 
Dalian China 2018 



Redox Potential Ehc/mv
Reduction Oxidation 

-240       -200          -170     -150

A/  of glutathione disulfide-glutathione 
couple (GSSG/2GSH)

Mammalian tissue

Proliferation 
Differentiation Apoptosis Necrosis

Oxidation / reduction properties  of  N-chlorotaurine and N-bromotaurine from Taurine : 
reactions consume electrons needed for ROS formation

>Ν-Cl+ H+ + 2e-
 >-N-H + Cl-

>Ν-Br + H+ + 2e-
 >-N-H + Br-

ROS signaling 
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Fe2+, Cu+
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Quiescence

This Provides A Way Of 
Maneuvering Diseases By 
Reduction Or Oxidation  
Preference Of Cellular 

Pathways

Transhalogenation between 
Taurine - Taurine derivatives and 

reduced or oxidized tissue 
elements  MPO, EPO

Intermediate MPO I, 
EPO I differential 

standard reduction  
potential

e.g. 
CytochromeP450
Reductase (CPR)

Oxidative molecules are actively 
reduced  depriving electrons

Indirect control of e- availability  
(Electron Deprival) 

21st Taurine Meeting 
Dalian China 2018 





The role of haloamines in non-activated and 
stimulated J774.2  macrophages

 The haloamines inhibit the PGE2 production, without altering
the COX2 expression in LPS/IFN-gamma stimulated J774.2
macrophages, preventing the COX pathway (Olszanecki et al.
2008). This is via induction of Heme Oxygenases -1 & 2.

Olszanecki et al. 2008



Overview of the most important physiological 
actions of taurine

• Formation of  bile acids
• Cholesterol excretion
• Osmoregulation and cell volume regulation
• Ion transport (Na 1+ Cl1-, Na1+-Ca2+ - exchange)
• Inhibition of protein phosphorylation
• High taurine concentrations in retina and the 

photoreceptor system- kidney cells
• Formation of N-chlorotaurine in leukocytes as part of 

the host defence
• Possibly scavenging of reactive carbonyl compounds
• Development of the foetus and the newborn : retina, 

kidneys, heart



Taurine Deficiency Defects

• Retinal and tapetum degeneration
• Cardiac dysfunction
• Immune deficiency
• Muscle atrophy
• Premature aging
• Impaired reproduction
• Mitochondrial impairment
• Neuro modulation impairment
• Approved agent for heart failure in Japan (2013)
• Central in attenuation of diabetic symptoms
• Cardiac study WHO (2009) : Taurine deficiency  Cardio-

vascular mortality





Taurine Is A Prescribed Therapy For 
MELAS Syndrome 

• Mitochondrial encephalomyopathy, lactic acidosis, 
and stroke-like episodes

• MELAS syndrome is a rare disorder that begins in childhood, 
usually between two and fifteen years of age, and mostly 
affects the nervous system and muscles. The most common 
early symptoms are seizures, recurrent headaches, loss of 
appetite and recurrent vomiting. Stroke-like episodes with 
temporary muscle weakness on one side of the body 
(hemiparesis) may also occur and this can lead to altered 
consciousness, vision and hearing loss, loss of motor skills and 
intellectual disability. MELAS is caused by mutations in 
mitochondrial DNA and in one patient, this syndrome has 
been associated with mutations in a nuclear gene, POLG1.



What Is The Clinical Evidence Correlating 

MELAS With Kidney Disease ? 



Taurine deficiency leads to renal scarring

Small, contracted kidney from taurine-deficient kitten showing renal 

scarring(left) as compared to normal kidney from age-matched control 

(right). 



Taurine effects on Kidney

• Body / Water Homeostasis

• Modulation in renal blood flow / hypertension proteinuria

• Glomerular filtration / osmoregulation

• Ion reabsorption / composition of urine

• Renal maldevelopment and cell cycles : Central WT 1 gene 
Taurine transporter regulation.

• Attenuation of sympathetic and renin-angiotensin system 
overactivity

• Alteration of renal hemodynamics

• Taurine biosynthesis that leads to Taurine derivatives is 
central to pathology intervention



Ion Reabsorption by Taurine / Taurine
Transporter in Renal Cell System

• Adaptively regulated taurine transport

• Sodium-chloride-dependent, temperature-sensitive and 
pH dependent, optimally negative intracellular charge, 
requires protein synthesis, aerobic process.

• TauT / Tau System is tightly regulated by taurine against a 
chemical gradient

• Strictly sodium dependent. 2 Na+ : 1 Cl : 1 TauT by apical 
surface of LLC-PK1 cells moving to basolateral surface 

• TauT / Tau system of osmoregulation is also genetically 
controlled
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Sites of action of Taurine in renal disorders

Site Function of Taurine

Vasculature Regulation of blood flow and stabilization of
endothelial surface

Glomerulus Scavenging reactive oxygen species

Proximal Tubule Na1+ K1+ Ca2+ co-transporter and regulation of taurine body pool

Renal Medulla Osmoregulation and cell volume regulation

Bladder Neutrophil function or diminishing neutrophil respiratory burst





Mechanism of Genetic Regulation 

Reduced TauT
activity



Chesney RW et al J Biomed Sci. 2010

Cisplatin renal injury model 



Genetic Regulation of Taurine Transport (TauT)
• Regulation occurs both at the level of transcription –cAMP, and 

translation Ca2+  dependent. 
• Isoform proteins exist in renal cells, e.g 70 and 30 kD adaptively 

regulated by taurine conc.  
• Different renal cells use distinct mechanisms of regulation – low 

taurine dietary intake : twice the activity of TauT
• Steady state TauT activity is controlled by phosphorylation of Ser 

322 by Protein Kinase C.  
• Taurine trasport is regulated through the P 53 / SP1 transcription 

factor system 
• P 53 over-expression  renal malformation  TauT is a 

transcriptional target of P 53
• Putative p 53 binding site in TauT promoter region 
• Cisplatin nephrotoxicity TauT is a safeguard anti-apoptotic 

gene Increased TauT expression alleviates cisplatin
nephrotoxicity.  



EFFECT OF TAURINE ( A ROS SCAVENGER ) DEPLETION ON CELLULAR FUNCTION
(diminished electron flow and elevated NADH/NAD+ ratio )

•Bottleneck of taurine deficiency results in dramatic effect on energy metabolism 

•Diminished flux of electrons  by impaired NADPH dehydrogenase acticity (innate complex I  
enzyme)  and increase in impaired NADH/NAD+ ratio adversely effects energy metabolism by 

affecting key enzymes of glucose and fatty acid metabolism

•e.g impaired mechanical performance of heart , brain & kidneys. 

Resulting in disruption 
of electron flow

Chong CJ et al Nutrients 2017



Link to nephropathies 
Kyriakopoulos AM et al International Journal of Inflammation 2017. 

Walczewska M et al Adv Exp Med. Biol 2019





Potent therapeutic strategy with Taurine / 
Taurine derivatives for NSAID induced 

nephropathies  

Kyriakopoulos et al International Journal of Inflammation 2017.

Alleviation of oxidative burst 







Inside phagolysosomes, HOCl is responsible for oxidative burst.
Outside phagolysosomes, taurine neutralizes detrimental effects of HOCl on neighboring cells 
and protects ‘‘self’’ molecules from oxidative modification. 
NCT, the product of this reaction, is less toxic than HOCl. NCT is not membrane permeable, 
oxidizes distinct targets and causes less damage to biologically active molecules. 
(Marcinkiewicz Kontny Transworld Research Network Chapter 6, 2012)



The complement activation pathways and their regulators.
Ghosh P et al. Endocrine Reviews, June 2015, 36(3):272–288

Emerging evidence: 

cardiometabolic disease,
including dysregulation of 
adipose tissue metabolism

low-grade focal inflammation, 
increased expression of adhesion
molecules and proinflammatory
cytokines in endothelial cells 

contributing to endothelial 
dysfunction

insulin resistance

Hertle E, et al Mol Immunol. 2014;61:135–148.

Anti-CD 59, anti CD 55 & 
anti CD 49 although restrict 

the formation of Cb5 
Membrane attack complex 

(MAC), the neutrophiles
activate autologous

complement despite these 
strict controls.

Camous L et al, Blood. 2011 



Activated 
neutrophiles
infiltrating 
form NET’s 
with MPO at 
sites of 
inflammation 

MPO

Complement factor H 
binds at 1-4 short 

consensus repeats with 
MPO

Inhibition of 
C3b+FH 

Inhibition of decay 
accelerating activity of FH

This counteracts: Complement  alternative 

pathway acts as a positive feedback 

amplification of neutrophil
activation Laurent Camous L et al Blood 

(2011) 117 (4): 1340-1349.



It is commonly accepted that taurine plays an important role in the 
immune system as an antioxidant to protect cells, including leukocytes, 
from oxidative stress (Schaffer et al. 2009; Wang et al. 2009)

Results indicate that taurine conversion of HOCl to NCT is associated 
with amelioration of biological effects of protein chlorination.

Results on taurine-myeloperoxidase equilibration are independent 
from anti -C5a clinical trials and may work in conjunction 

Non-physiologically low levels of ROS negatively affect cell growth, development and 
differentiation illustrating the importance of ROS as second messengers that control metabolic 

processes and signaling pathways
Dahl JU, et al.  Protein quality control under oxidative stress conditions. J Mol Biol. 2015;427(7):1549–1563. 



Pathology due to activation of Polyol metabolic pathway that 
leads to reduced taurine intracellular levels 

Specific taurine diabetes kidney function facts due to Polyol
accumulation 

• Nerves, Retina and Kidneys do not depend on insulin for glucose uptake
• High intracellular levels of glucose  High intra glucose, and sorbitol depletion if 

intra Taurine is low
• Hypoglycemic effect of Taurine first reported in 1930’s
• Taurine binds specifically to the purified insulin receptor
• Several clinical studies indicate that 500 mg of taurine supplementation for 1 -3 months 

results to restoration of glucose levels and kidney functions
• Chronic dialysis and ureamic patients have lower plasma, muscle and erythrocyte levels 

of taurine



Intracellular Sorbitol Accumulation
Hyperglycemia

Aldose
reductase

Depletion of Intracellular 
Osmolytes like Taurine and 
Myo-inositol

Loss of cell volume regulation  Cell swelling

Therapeutic target



Histology of glomeruli from wild-type (WT) 
and TauT-deficient mice.

Extensive hyalunosis, 
extension of 
juxtaglomerular
apparatus

Arteriosclerosis 
glomerular
mesangiolysis and 
nodular
glomerulosclerosis



Histologic renal lesions in diabetic 
TauT-deficient mice

Heavy Collagen IV deposition 
in juxtaglomerular area and 
mesangial expansion

Increase in endothelial 
cells in the glomeruli

Enhanced endothelial cell 
proliferation



TauT expression and the presence of taurine in kidney 
tissue of non-diabetic and diabetic wild type

(WT), TauT+/-, and TauT-/- mice.



Hyalunosis Arteriosclerosis 

Cyclosporin, Tacrolimus Calcineurin Inhibitors

Interleukin 2 inhibition 

T Cell Inhibition 

Possible 
Therapeutic 
Intervension
Through TauT

Activation

Increased 
Taurine

Transport

NBrT, NCT

Th17 
Inhibition

Multiple pathways relevant to 
immunosuppression



Taurine deficiency leads to atherosclerosis
Taurine and 
osmolyte depletion 

Endothelial 
dysfunction 

Reduced carbonyl 
scavenging  Increased 
glycation and AGE*

formation 

Platelet 
aggregation 

Dysfunction of neutrophiles
and leucocytes 

Reduced bile acid and cholesterol 
excretion 

Atherosclerosis

*Advanced Glycated End-products



RESUME 

• Taurine Clinical Significance Is Now Improving

• Kidneys Such As Heart And Eyes Rely On Taurine

• Taurine Deciciency Evidently Leads to Nephropathy

• Taurine Trasporter May Rule Disease Development 

• NCT And NBrT Become Of  Most Importance For 
Medical Use in Inflammation, Autoimmunity and Cancer

• Need for Clinical Examination 

• Nephrology May Lead The Scene Of  Clinical Testing As 
Really No Direct Medication Is Available For Kidney 
Disease. 



RESUME 

• Taurine supplementation is probably the key factor either 
alone or by supplementation of  its precursors e.g. 
glutamine – glutathionine to alleviate improper neutrophil
function contributing to kidney disease 

• This is achieved by redox equilibration of  
myeloperoxidase (+ SOD…) by taurine and taurine
derivatives 

• Taurine derivatives : N-chlorotaurine and N-bromotaurine
or newer stable oxidant drugs like Bromamine T are now 
ready for clinical use to alleviate oxidative bursts like in 
kidney crisis (ANCA –vasculitis - nephropathies) .  













Day 1 Pre-
application 

Day 1 Post 
application 

Day 2 Post 
application 

N-Chlorotaurine

Day 4 Post 
application 

Day 7 Post 
application 

Nchlorotaurine & 
N-Bromotaurine

Anti-infective phase
Wound healing





VANCOMYCIN MULTI –RESISTANT STAPH. AUREUS INFECTION ON A LEG OF A 
88 YEAR OLD LADY CONSIDERED TO AMPUTATTION 

Combination Local Treatment With N-chlorotaurine & N-bromotaurine



COMBINATIVE SEQUENTIAL LOCAL APPLICATION OF N-CHLOROTAURINE & N-
BROMOTAURINE 10 MINUTES APART 

Immediate Post 1st

Application  
After 12 Hours Post 1St

Application 



Post 48 Hours Combination Treatment With N-
Chlorotaurine and N-Bromotaurine



Day 3 Day 4 Day 5 





Blepharitis / Demodex mites 
infestation 

Kyriakopoulos AM Anecdotal Evidence 



Post 92 hours of repeating 
application of NBrT & NCT 



Severe Burn that failed to be treated treated for 2 weeks with standard protocol

45 mins 1% NCT / NBrT Soaking 

Kyriakopoulos AM Anecdotal Evidence 



24 hours 1% NCT / NBr Thrice a day 48 hours NCT / NBrT Twice a day  

Kyriakopoulos AM Anecdotal Evidence 



72 hours NCT / NBrT Twice a day 

Kyriakopoulos AM Anecdotal Evidence 



Haloamines Treat Successfully A Chronic Multi-bacterial 
Biofilm Scalp Infection. 

Bacterial species Pathogenicity Biofilm making ability 

Pseudomonas fluorescence complex31 Opportunistic pathogen Active biofilm former on human cells**

Staphylococcus lugdunensis Opportunistic pathogen Active to form biofilms on medical 

devices34

Aerococcus viridians Opportunistic invasive pathogen35 Not known to produce or be involved 

in  biofilms

Bacillus pumilus Exceptional pathogen37-39 Only known for aquatic 

environments52!

Kokuria marina Emerging opportunistic & nosocomial 

pathogen41-42

Known not to have the ability to 

produce biofilms in humans41!

Staphylococcus epidermidis Opportunistic and nosocomial 

pathogen 

Biofilm forming ability on inserted 

devices44

Staphylococcus capitis Opportunistic and nosocomial 

pathogen 

Biofilm forming ability on inserted 

devices under certain conditions44

The bacterial species isolated from biofilm tissue: Their pathogenicity*& ability** to form biofilms.
*

Implicated pathogenicity on wounds included with other systemic infections. ** Ability to form biofilm as a single 
species on human tissue along with other environmental niches including plants. 

!Different species within the genus i.e. Kokuria kristinae55, bacillus subtilis52 are known as active biofilm producers in 

human infections.



Day 25: Withdrawal of 
NCT/NBrT

Initial presentation of skin’s 
scalp lesions 



Conclusions 
 Taurine , N-Chlorotaurine , N-Bromotaurine And N-Bromotaurine Analogues 

Like Stable Bromamine –T Are Powerful Medicinal Tools (Drugs) To Be Used Against 

Infection 
Inflammation 
Wound Healing
Auto-Immunity

Cancer 
Technology Of Application For Certain Disease Is Required

Taurine Compounds Can Not Only Be Seen Alone But Also In Combination As Fine Redox
Tuners

Taurine Technology Must Focus On Redox Potential Maneuvering And Control Of
Oxidation To Reduction Status Of Certain Disease State For Mild Point Redox Regulation

Learning From Taurine Control Of Disease, Other Compounds (From Plant Tissue) May
Follow The same Paradigm And May be Employed For Control Of A Disease Spectra

Clinical Studies Based Also On New Case Studies Are Required And Should Commence
Soon


