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Effect of Taurine on the antimicrobial efficiency of Gentamicin
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Context: Gentamicin is mainly used in severe infections caused by gram-negatives.
However toxicity including nephrotoxicity and ototoxicity is one of the most important
complications of its treatment. The production of free radicals seems to be involved in
gentamicin toxicity mechanism. Taurine, a major intracellular free p-amino acid, is
known to be an endogenous antioxidant. So potentially the co-therapy of taurine and
gentamicin would reduce the adverse effects of the antibiotic. Objectives: In this study,
we wished to know the effect of taurine on the antibiotic capacity of gentamicin.
Methods: strainsof P. aeruginosa, E. coli, S. aureus and S. epidermidis were used as
test organisms. Minimum inhibitory concentrations of gentamicin in the presence and
absence of taurine at quantities from 40 to 2 mg/L were determined using macro-
dilution method. Results: MICs were determined in the various concentrations of
taurine for bacterial indicators. The MIC values of gentamicin for P. aeruginosa, S.
aureus and E. coli remained unchanged in the values of 2.5, 5 and 20 pg/ml
respectively in the absence and presences of different concentrations of taurine. The
bactericidal activity of gentamicin against S. epidermidis was increased by addition of
taurine in the concentrations higher than 6 mg/L. Conclusion: According to our study
the antibacterial activity of gentamicin against the indicator microorganisms were not
interfere with taurine at selected concentrations. Further in vivo studies are needed to
establish if a combination of gentamicin and taurine would have the same effect.

Introduction

Aminoglycosid antibiotics including gentamicin are
infections caused by

used mainly in

exposure to radiation and various environmental
pollutants. They are highly reactive, causing damage to

gramnegatives especially pseudomonas, enterobacter,
serratia, proteus, acinetobacter, and klebsiella and they
produce synergistic bactericidal effects against
enterococci, streptococci, and staphylococci.* The
major complications of gentamicin treatment are
nephrotoxicity and irreversible ototoxicity.> However,
the exact mechanisms leading to gentamicin induced
cell injury and cell death are unknown at present.
Present evidences support the concept that reactive
oxygen metabolites including free radical species are
important mediators of gentamicin nephrotoxicity and
outotoxicity.*®

Several free radicals are produced in the body as
byproducts of normal metabolism and also upon

cellular components and leading to a variety of
diseases. These free radicals are also known as reactive
oxygen species (ROS) and include super oxide (O;),
hydroxyl radical (OH") and hydrogen peroxide (H,0,).
They contribute towards cytotoxicity, morphological
and metabolic changes, changes in the CNS, and
increased muscle proteolysis.® To prevent injury from
oxidative stress, aerobic organisms have evolved a
system of chemical and enzymatic antioxidants.

Among the antioxidant enzymes are superoxide
dismutase (SOD), glutathione peroxidase (GPx) and
catalase (CAT). SOD catalyzes the dismutation of the
superoxide radical anion to hydrogen peroxide and
oxygen. CAT and GPx convert H,0, to H,0.?
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Antioxidants play an important role in health
maintenance. Significant increase in lipid peroxidation
and reduction of antioxidant enzymes after the
treatment of gentamicin indicated the generation of free
radicals and the involvement of oxidative stress to
nephrotoxicity™™ and ototoxicity"*® caused by
gentamicin treatment. Later in vivo experiments
confirmed that several radical scavengers may attenuate
aminoglycoside-induced ototoxicity and
nephrotoxicity.'”%

Taurine (2-aminoethanesulfonic acid), a sulphur-
containing amino acid, is found naturally in food,
especially in seafood and meat (figure 1). It is a
conditionally essential amino acid that is present at
millimolar concentrations in many animal tissues,
especially nervous tissue, retina and neutrophils.*#%
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Figure 1. Taurine structure.

Mammals are able to endogenously synthesize taurine,
but some species such as humans are more dependent
on dietary sources of taurine.® It is not incorporated
into proteins, but is found free in many tissues. Taurine
is involved in a number of physiological processes
including bile acid conjugation,** (osmoregulation,
detoxification of xenobiotics, cell ~membrane
stabilization (2001), modulation of cellular calcium
flux, and modulation of neuronal excitability.*** Low
levels of taurine have been associated with retinal
degeneration,*® growth retardation, and cardiomyopathy
(2001). Taurine has been used clinically in the

treatment of cardiovascular diseases, "
hypercholesterolemia, seizure disorders,*ocular
40-42 43-44

disorders, diabetes, Alzheimer’s  disease,
hepatic disorders,?® cystic fibrosis, "> acetaminophen
toxicity,*® and alcoholism.*’ Taurine is reported to
exhibit direct anti-oxidant properties by lowering ROS
and/or as an indirect antioxidant by preventing changes
in membrane permeability due to oxidant injury.*®
Taurine has been recognized as an antioxidant long
time ago, scavenging both ROS and nitrogeneous
radicals.”®

In view of the importance of gentamicin in treatment of
a wide variety of systemic infections, several
researches focused on the possibility of lowering its
toxicities. In this regard, various studies have been
investigated the mitigating effect of antioxidants, such
as D-methionine,? aspirin,** vitamins E & C,* N-
acetylcysteine,”®  deferoxamine and 2,3-

dihydroxybenzoate™ on
ototoxicity or nephrotoxity.

As we mentioned above, taurine can act as an
antioxidant so potentially it could prevent the
development of gentamicin-induced toxicities. But first
of all it should be determined if or whether cotreatment
of taurine and gentamicine is compatible with
gentamicin's antibacterial activity or not. The purpose
of this study was to ascertain the interaction of taurine
on the antibiotic capacity of the aminoglycosides.

gentamicin-induced

Materials and methods

Bacteria

The microorganisms used in this study included
Staphylococcus aureus ATCC 29737, Pseudomonas
aeruginosa ATCC 9027, Staphylococcus epidermidis
ATCC 12228, and Escherichia coli ATCC 8739all
were stocks of the Department of Pharmaceutical and
Food Control, School of Pharmacy, Tabriz University
of Medical Sciences.

Antibiotic and Taurine

Gentamicin sulfate (Merck, Germany) and taurine
(Aviforme, UK) were provided as pure powders of
stated potency and stored at 4°C.

Media and Buffers

The bacterial culture media included Soybean-Casein
Digest Broth medium (SCDB) purchased from Merck
Co. (Germany). For preparing buffer (buffer NO. 3)
16.73 g of dibasic potassium phosphate and 0.523 g of
monobasic potassium phosphate dissolved in 1000 ml
of distilled water and its pH was adjusted with 18N
phosphoric acid or 10 N potassium hydroxide to 8.0 +
0.1.

Gentamicin and Taurine stock solution

To prepare a stock solution, 1000 mg of gentamicin
sulfate powder were accurately weighed and dissolved
in the 1000 ml of buffer NO.3, stored in refrigerator.
To prepare a stock solution, 800 mg of taurine powder
were accurately weighed and dissolved in the 1000 ml
of sterile distilled water, stored in refrigerator.

Inoculum preparation

Inocula were obtained from an overnight agar culture
of the test organisms. Inoculum for the MIC test was
prepared by transferring at least one to two well-
isolated colonies of the same morphology from an agar
plate culture into a tube containing 4 ml of Soybean-
Casein Digest Broth. The broth culture was incubated
for 24 h at 35° C. The turbidity of the actively growing
broth culture was adjusted with sterile broth on a
spectrophotometer set at a wavelength of 580 nm to
achieve a turbidity equivalent to a 0.5 McFarland
standard. This results in a suspension containing
approximately 1 to 2 x 10% CFU/m.
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Minimum inhibitory concentrations (MICs)

Standard antibiotic solutions were prepared in sterile
buffer No.3 for using at the same day. MICs were
determined using broth macro-dilution MIC method;
twofold serial dilutions of gentamicin yielding the
concentrations of 40-0.156 mg/L were prepared in 4-ml
volumes in the absence or presence of taurine
(extending from 40-2 mg/L, a few concentrations more
and less than it's serum concentrations: 22-8 mg/L).
Bacterial inocula (100 pl) were transferred to the tubes;
accordingly all tubes were incubated for 24 h £ 1 h at
35 ° C, finally turbidity of the cultures was assessed
visually by comparison to uninoculated controls. The
MIC was recorded as the lowest concentration of
antibiotic at which visible growth was inhibited as
detected by the unaided eye. All experiments were
performed in independent triplicate occasions.

Results

To demonstrate if the in vitro activity of gentamicin
could be affected by the concentration of dissolved
taurine in the broth media, MICs were determined in
the absence and presence of various concentrations of
taurine in growth media for bacterial indicators.

First of all, potential antibacterial activity of taurine
powder against the selected strains was evaluated. To
this end susceptibility testing of our indicator bacteria
for taurine were performed with diminution of taurine
in broth. Based on the results taurine didn't show any
antibacterial activity against all four strains.

In the second step, the MIC values of gentamicin alone
against P. aeruginosa, S. aureus and E. coli were
determined that were 2.5, 5 and 20 pg/ml respectively.
Furthermore the MIC values of gentamicin against P.
aeruginosa, S. aureus and E. coli measured in the
presence of different concentrations of taurine (40, 32,
20, 16, 8, 6 pg/ml), had no significant changes in
comparison with those obtained in the absence of
taurine.

Surprisingly, as it can be seen in table 1, the inhibitory
activity of gentamicin against S. epidermidis was
increased by the addition of taurine. Taurine at
quantities higher than 6 mg/L amelioratedgentamicin's
antibacterial activity against S.epidermidis. The lower
concentrations of tuarine (< 6pg/ml) did not alter the
MIC values of gentamicin against the bacterium. The
results of this experiment are summarized in Table 1.

Table 1. MIC values of gentamicin + Taurine

X MIC values of
Concentration L. .
gentamicin against

MIC values of
gentamicin against

MIC values of MIC values of

gentamicin against gentamicin agains

of taurine S.pidermidis(pg/ml)  S.aureus (ug/ml)  P.aeruginosa(ug/ml) E. coli (pg/ml)
40 pg/ml 0.312 5 2.5 20
32 pg/ml 0.312 5 2.5 20
20 pg/ml 0.312 5 2.5 20
16 pg/ml 0.312 5 2.5 20
8 ug/ml 1.25 5 2.5 20
6 ug/ml 5 5 2.5 20
0 pug/ml 5 5 2.5 20

Discussion

Gentamicin has been extensively used for the
prophylaxis and the treatment of severe infectious
diseases. The clinical application of this antibiotic has
been limited by nephrotoxicity & outotoxicity that is
related in part by its enhancing effect on the production
of free radicals. In order to test the hypothesis that
taurine may become wuseful in quenching the
gentamicin’s side effects, at first it should be
investigated whether taurine hampers gentamicin’s
bactericidal activity. For this reason, we have tried to
evaluate the possible interactions between taurine at
serum level concentrations and the antibacterial action
of gentamicin.

According to our study the MIC values of gentamicin
against S. aureus, P. aeruginosa, S. epidermidis, and E.

coli resembled those of gentamicin plus taurine against
bacterial indicators. In the present study taurine can
even augment gentamicin’s antibacterial activity
against S. epidermidis. Previous studies also showed
that N-chlorotaurine exhibit antibacterial, antiviral,
antifungal, antiamoebic and vermicidal activity.***
According to Grisham et al. NH,ClI is responsible for
N-chlorotaurine's antioxidant and bactericidal effects.®
Taurine, or 2-aminoethanesulfonic acid, is a derivative
of the Cysteine, a sulfur-containing amino acid. It
appears to be one of the naturally occurring sulfonic
acids. Taurine contains sulfonate group instead of
carboxylic acid group but it is often called an amino
acid, even it is called an amino sulfonic acid. It is of
interest that sufonic acid and sulfonates has already
been proven to be moderately bactericidal, viricidal and
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fungicidal. Sucrose octa-sulphate suspension has shown
inhibitory and antibacterial activity against 85% of 128
strains of Gram-negative bacilli.® Poly sulfonated
compounds have shown microbicidal activity against
human papillomavirus (HPV).® It has reported that
substituted 8-quinolinol sulfonic acids have antifungal
activity. According to Zaneveld et al. T-PSS (poly
(sodium 4-styrenesulfonate)) gel was an effective
inhibitor of the infectivity of STD-causing microbes
(HIV, HSV-1, HSV-2, C. trachsomatis and the
multiplication of N. gonorrhea).®’Another study
indicated that several sulfunated compounds showed
antiviral activity against bovine papillomavirus type 1
(BPV-1).%° Sulfunated Schiff bases had antibacterial
activities against E. coli, Klebsilla and S. aureus.®® In
this study, we used pure taurine, so it may concluded
that taurine's sulfonic acid moiety cause its
microbicidal activity against S. epidermidis.

Conclusion

According to our study it was verified that Taurine
alone did not produce inhibition of the microorganisms.
In the same way, when gentamicin was used in
combination with taurine the inhibition produced by
this antibiotic was not decreased. As a result, it can be
concluded that taurine does not interfere with the
antibiotic capacity of Gentamicin against S. aureus, P.
aeruginosa, S. epidermidis, and E. coli. Taurine can
also ameliorate Gentamicin's microbicidal activity
against S. epidermidis.

Further studies are needed to determine if a
combination of gentamicin and taurine would have the
same effect in vivo.

Acknowledgment

We are grateful to Dr. Maryam Hassan (Tabriz
University of Medical Sciences) for her kind technical
assistance through the experiment.

Conflict of interest
The authors report no conflicts of interest in this work.

References

1. Goodman LS, Gilman A, Brunton LL. Goodman &
Gilman's Manual of Pharmacology and therapeutics.
New York: McGraw-Hill; 2008.

2. Rudin A, Healey A, Phillips CA, Gump DW,
Forsyth BR. Antibacterial activity of gentamicin
sulfate in tissue culture. Appl Microbiol
1970;20:989-990.

3. Katzung BG. Basic & Clinical Pharmacology. 9th
ed. New York: Lange Medical Books/ McGraw
Hill; 2004.

4. Basnakian AG, Kaushal GP, Shah SV. Apoptotic
pathways of oxidative damage to renal tubular
epithelial cells. Antioxid Redox Signal 2002;4:915-
924.

5. Priuska EM, Schacht J. Formation of free radicals
by gentamicin and iron and evidence for an
iron/gentamicin  complex. Biochem Pharmacol
1995;50:1749-1752.

6. Sha SH, Schacht J. Formation of reactive oxygen
species following bioactivation of gentamicin. Free
Radic Biol Med 1999;26:341-347.

7. Sha SH, Schacht J. Stimulation of free radical
formation by aminoglycoside antibiotics. Hear Res
1999;128:112-118.

8. Van der Harst MR, Bull S, Laffont CM, Klein WR.
Gentamicin nephrotoxicity--a comparison of in vitro
findings with in vivo experiments in equines. Vet
Res Commun 2005;29:247-261.

9. Yu J, Kim AK. Effect of taurine on antioxidant
enzyme system in B16F10 melanoma cells. Adv Exp
Med Biol 2009;643:491-499.

10.Beatty S, Koh H, Phil M, Henson D, Boulton M.
The role of oxidative stress in the pathogenesis of
age-related macular degeneration. Surv Ophthalmol
2000;45:115-134.

11.Du XH, Yang CL. Mechanism of gentamicin
nephrotoxicity in rats and the protective effect of
zinc-induced metallothionein synthesis. Nephrol
Dial Transplant 1994;9:135-140.

12.Martinez-Salgado C, Eleno N, Tavares P,
Rodriquez-Barbero A, Garcia-criado J, Bolanos JP,
Lopez-Novoa JM. Involvement of reactive oxygen
species on gentamicin-induced mesangial cell
activation. Kidney Int 2002;62:1682-1692.

13.Upaganlawar A, Farswan M, Rathod S, Balaraman
R. Modification of biochemical parameters of
gentamicin nephrotoxicity by coenzyme Q10 and
green tea in rats. Indian J Exp Biol 2006;44:416-
418.

14.Hirose K, Hockenbery DM, Rubel EW. Reactive
oxygen species in chick hair cells after gentamicin
exposure in vitro. Hear Res 1997;104:1-14.

15.Jeong SW, Kim LS, Hur D, Bae WY, Kim JR, Lee
JH. Gentamicin-induced spiral ganglion cell death:
apoptosis mediated by ROS and the JNK signaling
pathway. Acta Otolaryngol 2010;130:670-678.

16.Takumida M, Anniko M, Shimizu A, Watanabe H.
Neuroprotection of vestibular sensory cells from
gentamicin ototoxicity obtained using nitric oxide
synthase inhibitors, reactive oxygen species
scavengers, brain-derived neurotrophic factors and
calpain inhibitors. Acta Otolaryngol 2003; 123:8-
13.

17.Devbhuti P, Saha A, Sengupta C. Gentamicin
induced lipid peroxidation and its control with
ascorbic acid. Acta Pol Pharm 2009;66:363-369.

18. Kadkhodaee M, Khastar H, Arab HA, Ghaznavi R,
Zahmatkesh M, Mahdavi-Mazdeh M. Antioxidant
vitamins preserve superoxide dismutase activities in
gentamicin-induced  nephrotoxicity.  Transplant
Proc 2007;39:864-865.

19.Maldonado PD, Barrera D, Medina-Campos ON,
Hernandez-Pando R, Ibarra-Rubio ME, Pedraza-

72| Advanced Pharmaceutical Bulletin, 2011, 1(2), 69-74

Copyright © 2011 by Tabriz University of Medical Sciences



Taurine Effect on antimicrobial activity of Gentamicin

Chaverri J. Aged garlic extract attenuates
gentamicin induced renal damage and oxidative
stress in rats. Life Sci 2003; 73:2543-2556.

20.Polat A, Parlakpinar H, Tasdemir S, Colak C, Vardi
N, Ucar M, Emre MH, Acet A. Protective role of

aminoguanidine on gentamicin-induced acute renal
failure in rats. Acta Histochem 2006;108:365-371.

21.Sha SH, Schacht J. Antioxidants attenuate
gentamicin-induced free radical formation in vitro
and ototoxicity in vivo: D-methionine is a potential
protectant. Hear Res 2000;142:34-40.

22.Shifow AA, Kumar KV, Naidu MU, Ratnakar KS.
Melatonin, a pineal hormone with antioxidant

property, protects against gentamicin-induced
nephrotoxicity in rats. Nephron 2000; 85:167-174.

23.Sinswat P, Wu WJ, Sha SH, Schacht J. Protection
from ototoxicity of intraperitoneal gentamicin in
guinea pig. Kidney Int 2000;58:2525-2532.

24.Varalakshmi P, Sandhya S, Malarkodi KP.
Evaluation of the effect of lipoic acid administered
along with gentamicin in rats rendered bacteremic.
Mol Cell Biochem 2003; 248:35-40.

25.Ye LF, Tao ZZ, Hua QQ, Xia BK, Zhou XH, Li J,
Yuan YL. Protective effect of melatonin against
gentamicin ototoxicity. J Laryngol Otol 2009;
123:598-602.

26.Gupta RC. Taurine analogues and taurine transport:
therapeutic advantages. Adv Exp Med Biol 2006;
583:449-467.
27. Park E, Quinn MR, Wright CE, Schuller-Levis G.
Taurine chloramine inhibits the synthesis of nitric
oxide and the release of tumor necrosis factor in
activated RAW 264.7 cells. J Leukoc Biol 1993;
54:119-124.
28.Saransaari P, Oja SS. Characteristics of taurine
release in slices from adult and developing mouse
brain stem. Amino Acids 2006; 31:35-43.

29.Saransaari P, Oja SS. Taurine release in mouse
brain stem slices under cell-damaging conditions.
Amino Acids 2007; 32:439-446.

30.Wright CE, Tallan HH, Lin Y'Y, Gaull GE. Taurine:
biological update. Annu Rev Biochem 1986;55:427-
453.

31.Bouckenooghe T, Remacle C, Reusens B. Is taurine
a functional nutrient. Curr Opin Clin Nutr Metab
Care 2006; 9:728-733.

32.Chen Y, Huang WG, Zha DJ, Qiu JH, Wang JL,
Sha SH, Schacht J. Aspirin attenuates gentamicin
ototoxicity: from the laboratory to the clinic. Hear
Res 2007; 226:178-182.
33.Nishimura N, Yamamoto T, Ota T. Taurine feeding
inhibits bile acid absorption from the ileum in rats
fed a high cholesterol and high fat diet. Adv Exp
Med Biol 2009; 643:285-291.

34.Taurine - monograph. Altern Med Rev 2001;6:78-
82.

35.Foos TM, Wu JY. The role of taurine in the central

nervous system and the modulation of intracellular

calcium homeostasis. Neurochem Res 2002; 27:21-
26.

36.Heller-Stilb B, van Roeyen C, Rascher K, Hartwiq
HG, Huth A, Seeliger MW, Warskulat U,
Haussinger D. Disruption of the taurine transporter
gene (taut) leads to retinal degeneration in mice.
FASEB J 2002;16:231-233.

37.0udit GY, Trivieri MG, Khaper N, Husain T,
Wilson GJ, Liu P, Sole MJ, Backx PH. Taurine
supplementation reduces oxidative stress and
improves cardiovascular function in an iron-
overload murine model. Circulation
2004;109:1877-1885.

38.Xu YJ, Arneja AS, Tappia PS, Dhalla NS. The
potential health benefits of taurine in cardiovascular
disease. Exp Clin Cardiol 2008;13: 57-65.

39.El Idrissi A, Messing J, Scalia J, Trenkner E.
Prevention of epileptic seizures by taurine. Adv Exp
Med Biol 2003;526:515-525.

40.Chauncey KB, Tenner TE Jr, Lombardini JB, Jones
BG, Brooks ML, Warner RD, Davis RL, Ragain
RM. The effect of taurine supplementation on
patients with type 2 diabetes mellitus. Adv Exp Med
Biol 2003; 526:91-96.

41.Franconi F, Loizzo A, Ghirlanda G, Seghieri G.
Taurine supplementation and diabetes mellitus.
Curr Opin Clin Nutr Metab Care 2006; 9:32-36.

42.Hansen SH. The role of taurine in diabetes and the
development of diabetic complications. Diabetes
Metab Res Rev 2001; 17:330-346.

43.Louzada PR, Paula Lima AC, Mendonca-Silva DL,
Noel F, De Mello FG, Ferreira ST. Taurine prevents
the neurotoxicity of beta-amyloid and glutamate
receptor agonists: activation of GABA receptors
and possible implications for Alzheimer's disease
and other neurological disorders. FASEB J 2004;
18:511-518.

44.Santa-Maria 1, Hernandez F, Moreno FJ, Avila J.
Taurine, an inducer for tau polymerization and a
weak inhibitor for amyloid-beta-peptide
aggregation. Neurosci Lett 2007; 429:91-94.

45.De Curtis M, Santamaria F, Ercolini P, Vittoria L,
De Ritis G, Garofalo V, Ciccimarra F. Effect of
taurine supplementation on fat and energy
absorption in cystic fibrosis. Arch Dis Child 1992;
67:1082-1085.

46.Waters E, Wang JH, Redmond HP, Wu QD, Kay E,
Bouchier-Hayes D. Role of taurine in preventing
acetaminophen-induced hepatic injury in the rat. Am
J Physiol Gastrointest Liver Physiol 2001;
280:G1274-1279.

47.Kerai MD, Waterfield CJ, Kenyon SH, Asker DS,
Timbrell JA. Taurine: protective properties against
ethanol-induced  hepatic  steatosis and lipid
peroxidation during chronic ethanol consumption in
rats. Amino Acids 1998;15:53-76.

48.Schuller-Levis GB, Park E. Taurine and its
chloramine: modulators of immunity. Neurochem
Res 2004; 29:117-126.

Copyright © 2011 by Tabriz University of Medical Sciences

Advanced Pharmaceutical Bulletin, 2011, 1(2), 69-74 |73



Islambulchilar et al.

49.Kavutcu M, Canbolat O, Ozturk S, Olcat E, Ulutepe
S, Ekinci C, Gokhun IH, Durak |. Reduced
enzymatic antioxidant defense mechanism in kidney
tissues from gentamicin-treated guinea pigs: effects
of vitamins E and C. Nephron 1996; 72:269-274.

50.Ali BH, Al-Salam S, Al-Husseini 1, Nemmar A.
Comparative protective effect of N-acetyl cysteine
and tetramethylpyrazine in rats with gentamicin
nephrotoxicity. J Appl Toxicol 2009; 29:302-307.

51.Song BB, Anderson DJ, Schacht J. Protection from
gentamicin ototoxicity by iron chelators in guinea
pig in vivo. J Pharmacol Exp Ther 1997; 282:369-
377.

52.Furnkranz U, Nagl M, Gottardi W, Kohsler M,
Aspock H, Walochnik J. Cytotoxic activity of N-
chlorotaurine on Acanthamoeba spp. Antimicrob
Agents Chemother 2008; 52:470-476.

53.Nagl M, Hengster P, Semenitz E, Gottardi W. The
postantibiotic  effect of N-chlorotaurine on
Staphylococcus aureus. Application in the mouse
peritonitis  model. J Antimicrob  Chemother
1999;43:805-809.

54.Nagl M, Hess MW, Pfaller K, Hengster P, Gottardi
W. Bactericidal activity of micromolar N-
chlorotaurine: evidence for its antimicrobial
function in the human defense system. Antimicrob
Agents Chemother 2000; 44:2507-2513.

55.Nagl M, Larcher C, Gottardi W. Activity of N-
chlorotaurine  against  herpes simplex- and
adenoviruses. Antiviral Res 1998; 38:25-30.

56.Nagl M, Lass-Florl C, Neher A, Gunkel A, Gottardi
W. Enhanced fungicidal activity of N-chlorotaurine
in nasal secretion. J Antimicrob Chemother 2001;
47:871-874.

57.Yazdanbakhsh M, Eckmann CM, Roos D. Killing
of schistosomula by taurine chloramine and taurine
bromamine. Am J Trop Med Hyg 1987; 37:106-110.

58.Grisham MB, Jefferson MM, Melton DF, Thomas
EL. Chlorination of endogenous amines by isolated
neutrophils.  Ammonia-dependent  bactericidal,
cytotoxic, and cytolytic activities of the
chloramines. J Biol Chem 1984; 259:10404-10413.

59.Bragman SG, Pankhurst CL, Casewell MW.
Activity of sucralfate (sucrose octa-sulphate), an
anti-ulcer agent, against opportunistic gram-
negative bacilli. J Antimicrob Chemother 1995;
36:703-706.

60. Christensen ND, Reed CA, Culp TD, Hermonat PL,
Howett MK, Anderson RA, Zaneveld LJ.
Papillomavirus microbicidal activities of high-
molecular-weight cellulose sulfate, dextran sulfate,
and polystyrene sulfonate. Antimicrob Agents
Chemother 2001; 45:3427-3432.

61.Gershon H, Gershon M, Clarke DD. Antifungal
activity of substituted 8-quinolinol-5- and 7-sulfonic
acids: a mechanism of action is suggested based on
intramolecular synergism. Mycopathologia 2002;
155:213-217.

62.Zaneveld LJ, Waller DP, Anderson RA, Chany
C2nd, Rencher WF, Feathergill K, Diao XH,
Doncel GF, Herold B, Cooper M. Efficacy and
safety of a new vaginal contraceptive antimicrobial
formulation containing high molecular weight
poly(sodium  4-styrenesulfonate). Biol Reprod
2002; 66:886-894.

63.Ibrahim MN, Sharif SAI, El-Tajory AN, Elamari
AA. Synthesis and Antibacterial Activities of Some
Schiff Bases. E-Journal of Chemistry 2011; 8:212-
216.

74| Advanced Pharmaceutical Bulletin, 2011, 1(2), 69-74

Copyright © 2011 by Tabriz University of Medical Sciences



