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N-acetylserotonin reduces lipopolysaccharide-
induced lipid peroxidation in vitro
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Abstract

OBJECTIVE: Bacterial lipopolysaccharide (LPS) causes lipid peroxidation
(LPO). We have found that LPS induces LPO in vitro, in tissue homogenates in a
concentration-dependent manner, the concentration of 400 pug/ml demonstrating
the most efficient lipid damaging effect .

Both melatonin and its precursor, N-acetylserotonin, must possess antioxidant
activities, both in vivo or in vitro, however, following some claims, N-acetylsero-
tonin is a more effective extra- and intracellular antioxidant than melatonin.

The aim of our study was to compare the effects of melatonin and N-acetylsero-
tonin on the LPS-induced LPO in vitro.

METHODS: Malondialdehyde (MDA) plus 4-hydroxyalkenal (4-HDA) concentra-
tions were measured as the indices of induced membrane peroxidative damage in
brain, liver and kidney homogenates. Both melatonin and N-acetylserotonin were
used at increasing concentrations, starting from 0.01-5 mM, together with LPS at
one concentration level of 400 ug/ml.

RESULTS: In all the examined tissues, LPS stimulated LPO, while both melatonin
and N-acetylserotonin decreased LPS-stimulated LPO. Furthermore, the capacity
of N-acetylserotonin reducing LPO was higher than that of melatonin.
CONCLUSIONS: The results of the reported study clearly indicate that N-ace-
tylserotonin is a much stronger antioxidant in vitro than melatonin in terms of
reducing oxidative damage to lipid membranes. However, it remains still unclear
how the features relate to in vivo circumstances.

INTRODUCTION

LPS, a lipopolysaccharide from Gram-negative
bacteria and an endotoxin, induces peroxidation
of lipids (Kheir-Eldin et al. 2001; Portoles et al.
1993; Yoshikawa et al. 1994) and, consequently,
causes oxidative damage in many tissues (Okabe
et al. 1994; Sewerynek ef al. 1995a; 1995b; 1995c¢).

.........................

For example, exogenous administration of LPS
causes lung and liver lipid peroxidation, indirectly
manifested by increased levels of malonaldehyde
(MDA) and conjugated dienes (Nowak et al. 1993;
Kouno et al. 1994; Sewerynek et al. 1995d). In
many in vivo and in vitro animal models, a rela-
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tionship has been demonstrated between LPS admin-
istration and the resulting overproduction of reactive
oxygen species, including superoxide anion (O,*-),
hydroxyl radical (*OH) and nitric oxide (NO*). In sev-
eral model systems, free radicals have been postulated
to be important mediators of tissue injury (Bautista &
Spitzer 1990; Jiang-Shieh et al. 2005; Shuter et al. 1990;
Silva et al. 2004; Yoshikawa et al. 1994). An administra-
tion of antioxidants decreases LPS-induced biochemi-
cal and physiological changes.

Melatonin is effective in neutralizing a number of
oxygen-based and nitrogen-based toxic agents,, some of
which are radicals, while other are related metabolities
(Allegra et al. 2003; Gitto et al. 2009; Peyrot & Ducrocq
2008; Reiter et al. 2009; Tengattini et al. 2008). Melatonin
detoxifies the highly potent *OH (Poeggeler et al. 1994;
Stasica et al. 1998; Tan et al. 1998; Tan 1993), hydrogen
peroxide (H,O,), singlet oxygen (10,), hypochlorous
acid (HOCI), O,*-, NO¢, peroxynitrite anion (ONOO-)
and other free radical scavengers (Matuszak et al. 2003;
Mei et al. 2005; Tan et al. 2000; Ximenes et al. 2005;
Zavodnik et al. 2004). The pineal hormone is highly
lipophilic and quite hydrophilic as well and it readily
enters subcellular compartments (Menendez-Pelaez &
Reiter 1993). Melatonin in vivo also protects against
oxygen toxicity induced by paraquat, a toxic herbicide
(Melchiorri et al. 1996b; Melchiorri et al. 1998), carbon
tetrachloride (Daniels et al. 1995), potassium bromate
(Karbownik et al. 2006), adriamycin (Dabrowska et
al. 2008), amyloid beta (Masilamoni et al. 2008) and
aflatoxin Bl (Gesing & Karbownik-Lewinska 2008).
The protective effect of melatonin was also observed

Fig. 1. Biochemical scheme of melatonin (A) and
N-acetylserotonin (B).

after LPS-induced oxidative damage in many tissues
(Sewerynek et al. 1995b; Sewerynek et al. 1995a; Sew-
erynek et al. 1995¢; Sewerynek et al. 1996; Chen et al.
2006; Tamura et al. 2009). Additionally, melatonin has
been reported to decrease lipid peroxidation in rats in
L-thyroxin-induced thyrotoxicosis (Wiktorska et al
2010; Wiktorska et al. 2005) and after pharmacological
doses of iodine (Sewerynek et al. 2006; Swierczynska-
Machura et al. 2004).

Several indole products exhibit antioxidative proper-
ties, including N-acetylserotonin, an immediate mela-
tonin precursor (Behrends et al. 2007; Poeggeler et al.
2002; Qi et al. 2000; Keithahn & Lerchl 2005; Gavazza
& Catala 2004). N-acetylserotonin, compared to mela-
tonin, has an additional hydroxy group in position
5 of the indole ring (Figure 1). The concentrations of
both indoles diminish with age (Miguez et al. 1998).
Both melatonin and N-acetylserotonin exert protective
effects against free radical-mediated damage, induced
by xenobiotics (Bachurin et al. 1999; Calvo et al. 2001).
There has been some evidence, suggesting that N-ace-
tylserotonin may be a more effective extra- and intracel-
lular antioxidant than melatonin (Wolfler et al. 1999).

The ability of melatonin and N-acetylserotonin to
protect against LPS-induced toxicity in vitro was tested
in the reported study. The concentration of malon-
aldialdehyde (MDA) plus that of 4 hydroxyalkenals
(4-HDA) in liver, kidney and brain homogenates were
used as an index of induced oxidative damage to lipid
membranes.

MATERIALS AND METHODS

Reagents

Lipopolysaccharide (LPS) (from Escherichia coli, sero-
type 0111:B4), melatonin, N-acetyserotonin and fer-
rous sulfate were obtained from Sigma-Aldrich, St.
Louis, US). A Bioxytech LPO-586 kit, purchased from
the Cayman Chemical (Ann Arbor, MI), was used in
measurements of lipid peroxidation products. All the
other reagents were of the highest, available quality.

Methods

Six groups, of 6 adult Wistar male rats (200 +40g BW)
in each, were housed in plexi cages with 3 animals per
cage. The animal rooms were windowless with auto-
matic temperature (22 + 1 °C) and lighting control (light
on at 07.00 h and off at 21.00 h; 14 h light/10 h dark).
The rats received standard laboratory chow and water
ad libitum. Melatonin and N-acetylserotonin were dis-
solved in absolute ethanol (when added to tissue homog-
enates, the final concentration of alcohol was 1%).
LPS was dissolved in 20mM Tris-HCI buffer, pH7.4.

Tissue preparation and assays

The rats were anesthesized with ether and decapitated.
Livers, kidneys and brains were removed, frozen and
kept at —-80°C until homogenate preparation. On the
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Fig. 2. Effects of different concentrations of melatonin (A) and N-acetylserotonin (B) (0.01-5 mM) on lipid peroxidation, induced by
lipopolysaccharide (LPS; 0.4 g/mL) in brain homogenates. The values are means + SEM. #p<0.001 vs. the control group (without LPS and
melatonin); ¥*p<0.001; **p<0.05 vs. the LPS group without melatonin.
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Fig. 3. Effects of different concentrations of melatonin (A) and N-acetylserotonin (B) (0.01 - 5mM) on lipid peroxidation, induced by
lipopolysaccharide (LPS; 0.4 g/mL) in kidney homogenates. The values are means + SEM. #p<0.001 vs. the control group (without LPS and

melatonin); ¥*p<0.001 vs. the LPS group without melatonin.

day of assay, the tissues were homogenized in ice-cold
20mM Tris-HCI buffer, pH7.4, with a Polytron-like
stirrer to produce a 1/10 homogenate. The homog-
enates of each tissue were incubated in a water bath
at 37°C. LPS was used at concentration of 400 pg/
ml and after 30-minute incubation (Sewerynek et al.
1995c¢). Melatonin and N-acetylserotonin (0.01-5mM)
were used in combination with LPS (400 pg/ml). Liver
homogenates were supplemented with FeSO, (10 uM)
to stimulate lipid peroxidation (Sewerynek et al. 1995¢).
After incubation, the homogenates were centrifuged at
2500 x g for 5 min at 4°C. The supernatant was col-
lected and immediately assayed for lipid peroxidation
products: MDA+4-HDA, which are commonly used
lipid peroxidation indices (Esterbauer & Cheeseman
1990). A Bioxytech LPO-586 kit was used for this pur-
pose (Melchiorri et al. 1996a). This kit takes advantage
of a cromogenic reagent, which reacts with MDA and
4-HDA at 45°C, yielding a stable chromophore with
a maximal absorbance at the 586 nm wavelength. The
light wavelength and the low temperature of incubation
(45°C), used in the procedure, eliminated interference

and undesirable artifacts. Protein concentrations were
determined by Branford’s method, using bovine serum
albumin as standard (Bradford 1976).

Statistical analyses

The data were analyzed, using the one-way analysis of
variance (ANOVA) and student’s t-test. If F values were
significant, the Student-Newman-Keuls t-test was used.
All the calculations were performed with the use of the
Statistica ‘99 computer software. The level of signifi-
cance was accepted at p<0.05.

RESULTS

LPS stimulated lipid peroxidation in all the studied
tissue homogenates (Figures 2-4). Both melatonin and
N-acetylserotonin were effective in reducing the stimu-
latory effect of LPS on lipid peroxidation in each tissue
(Figures 2-4). Melatonin concentrations, required for
significant reduction of induced lipid peroxidation
were: 2.5 and 5mM, regarding brain homogenates,
0.5-5mM for kidney homogenates, and 0.01-5mM
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Tab. 1. Efficacy of lipid peroxidation inhibition by Melatonin and N-acetylserotonin in brain, kidney and liver homogenates.

Melatonin N-acetyloserotonin Comparison
Tissue Concentration (MEL) (NAC-5HT)
Mean (%) SEM Mean (%) SEM
BRAIN 5mM 41.13 3.41 96.79 0.23 p<0.001
2.5 mM 27.69 4.04 95.27 0.26 p<0.001
1 mM 11.93 5.49 38.03 3.70 p<0.01
0.5 mM 14.42 4.78 39.35 3.39 p<0.01
0.1 mM -0.64 5.72 19.61 4.83 p<0.05
0.01 mM 6.02 5.37 8.24 8.93 Not significant
LIVER 5mM 94.05 0.23 96.16 0.14 p<0.001
2.5mM 91.48 0.41 94.49 0.23 p<0.001
1mM 80.26 0.44 92.84 0.11 p<0.001
0.5mM 61.95 0.91 91.26 0.15 p<0.001
0.1 mM 30.75 2.34 65.49 0.48 p<0.001
0.01 mM 14.86 1.89 20.13 1.27 Not significant
KIDNEY 5mM 72.59 0.39 88.02 0.54 p<0.001
2.5mM 44.73 0.81 85.32 0.40 p<0.001
1TmM 20.01 1.12 80.08 0.38 p<0.001
0.5 mM 10.42 1.85 69.89 0.42 p<0.001
0.1 mM 0.99 1.37 20.76 1.25 p<0.001
0.01 mM -3.05 1.43 2.64 1.36 p<0.05

for liver homogenates. N-acetylserotonin concentra-
tions, required for significant reduction of induced
lipid peroxidation was 0.1-5mM in brain homogenates,
0.01-5mM for kidney homogenates and 0.01-5mM for
liver homogenates.

The results clearly show that the used antioxidants
decreased LPS-stimulated lipid peroxidation in all the
examined tissues. Furthermore, lipid peroxidation sup-
pression, exerted by N-acetylserotonin in brain and
kidney homogenates was higher than that exerted by
melatonin (Figures 5-7) (see Table 1).

DISCUSSION

LPS, a Gram-negative bacterial endotoxin, induces a
variety of biological responses and diseases (Berdeaux
1993). Some of LPS effects result from anaphylatoxin
production, while other ones involve the release of bio-
chemical mediators, including histamine, serotonin,
kinins and platelet-activating factors by the reticuloen-
dothelial system. Additionally, LPS directly inhibits both
glucose and lipid metabolism, activates protein kinase
C, stimulates proinflammatory mediators (cytokines,
Nuclear Factor - kappaB), causes lipid peroxidation
via the induction of free radical formation and directly
induces cellular damage (Berdeaux 1993; Li et al. 2005).

Lipid peroxidation plays a significant role in oxidative
pathology. Some relationship has been demonstrated

between LPS administration and the overproduction
of free radicals (Li et al. 2005; Yoshikawa et al. 1994).
Several radical products, including O,*~ and the *OH,
as well as other toxic oxygen metabolites, including
H,0, and HOC], have been postulated to be important
mediators in models of tissue injury (Bautista & Spitzer
1990; Shuter et al. 1990). LPS also stimulates nitric
oxide synthase (NOS), the enzyme which catalyzes
L-arginine oxidation to citrulline and NO* (Jiang-Shieh
et al. 2005). NO congeners are either neuroprotective
or neurodestructive, depending on NO redox states
(Lipton et al. 1993). NO*-mediated neurotoxicity is, in
part, a consequence of its reaction with O,*~ leading to
ONOO- formation, i.e., a highly toxic substance. Also,
at low concentrations of L-arginine, LPS stimulates the
production of O,*~ and H,0,, the effect being blocked
by N¥-nitro-L-arginine, a selective NOS blocker (Sessa
1994).

There are several enzyme systems in tissues with
a number of cellular components that protect them
against activated oxygen forms, those protective ele-
ments including superoxide dismutase (SOD), catalase,
reduced glutathione (GSH) and glutathione peroxidase
(GSH-Px), vitamin E and ascorbic acid. Antioxidative
enzyme activities have been measured both in vivo and
in vitro, following LPS-administration. When hepa-
tocyte monolayers are treated with LPS (50 ug/ml for
2 h), the endotoxin induces lipid peroxidation (Portoles

Copyright © 2010 Neuroendocrinology Letters ISSN0172-780X « www.nel.edu
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In the present study, LPS was used in dose of
400 ug/ml and stimulated LPO production in all the
examined tissues, what is conformable with our previ-
ous results (Sewerynek et al. 1995c). That concentra-
tion was used to study the capacity of melatonin and
N-acetylserotonin to influence LPS-induced oxidative
damage. The strongest LPO stimulation was observed
in liver homogenates, when iron was added, what influ-
enced *OH production (Sewerynek et al. 1995c).

Melatonin is reported to be a potent *OH radical
scavenger (Poeggeler et al. 1994; Poeggeler et al. 2002;
Tan 1993; Tan et al. 2005). Furthermore, being highly
lipophilic and hydrophilic, it can potentially reach all
body fluids, tissues and subcellular compartments. Mel-
atonin, as a scavenger of free radicals, is supported by
numerous studies in various models (Peyrot & Ducrocq
2008; Reiter et al. 2009; Vijayalaxmi et al. 1995; Vijay-
alaxmi et al. 2004). Moreover, N-acetylserotonin, the
immediate melatonin precursor, exhibits antioxidative
properties as well (Gavazza & Catala 2004; Keithahn &
Lerchl 2005; Pless et al. 1999; Poeggeler et al. 2002; Qi
et al. 2000). N-acetylserotonin, compared to melatonin,
has a hydroxy group in position 5 of the indole ring.

The results of the reported study demonstrate that
both melatonin and N-acetylserotonin effectively pro-
tect against LPS-induced toxicity. Bacterial LPS is both
an endo- and exogenous toxin and induces oxidative
damage via generation of free radicals (Kheir-Eldin et
al. 2001; Portoles et al. 1993; Yoshikawa et al. 1994). One
of the commonly measured consequences of its admin-
istration is an increased lipid peroxidation, as indicated
by the levels of MDA or conjugated dienes (Cadenas et
al. 1998; Kheir-Eldin et al. 2001).

In the present studies, melatonin and N-acetylse-
rotonin depressed lipid peroxidation levels after LPS
treatment of liver, kidney and brain homogenates in a
concentration-dependent manner. In kidney and brain
homogenates, the inhibitory effect of N-acetylserotonin
in LPS-induced lipid peroxidation was higher than that
of melatonin. When FeSO, was added to liver homog-
enates, a stronger lipid peroxidation followed; in that
case, MDA+4HDA formation was markedly sup-
pressed by the same concentrations of melatonin and
N-acetylserotonin (0.01-5mM). FeSO, is involved in
*OH generation by the Fenton reaction (Muiras et al.
1993; Sewerynek et al. 1995d), what may be suggestive
that the reduction of lipid peroxidation products, as
observed in the reported study could, at least partially,
have been due to the *OH scavenging capacity of both
indoles.

In normal conditions, tissues have a functional
antioxidative system, depleted during oxidative stress.
Reduced glutathione is one of the most important endog-
enous antioxidants. In a previous paper (Sewerynek et
al. 1995b), we reported that melatonin protected against
LPS-induced toxicity in both the liver and the brain in
phenobarbital-treated animals, as shown by reduced
oxidized glutathione levels (GSSG) and stimulation of

GSH-Px activity. When the animals were injected with
LPS, the levels of total glutathione (tGSH) and GSSG
were significantly higher, when compared with other
groups, while melatonin and L-NAME significantly
enhanced tGSH, when compared with that in the LPS-
treated rats. Melatonin alone reduced GSSG levels.

In conclusion, the results of the reported study indi-
cate that N-acetylserotonin is more effective from mela-
tonin in reducing lipid peroxidation in vitro.

ACKNOWLEDGEMENTS

The study was supported by funds of the Medical Uni-
versity of Lodz (Grant No. 502-11-554).

REFERENCES

1 Allegra M, Reiter RJ, Tan DX, Gentile C, Tesoriere L, Livrea MA
(2003). The chemistry of melatonin’s interaction with reactive
species. J. Pineal Res. 34: 1-10.

2 Bachurin S, Oxenkrug G, Lermontova N, Afanasiev A, Beznosko B,
Vankin G, Shevtzova E, Mukhina T, Serkova T (1999). N-acetylse-
rotonin, melatonin and their derivatives improve cognition and
protect against beta-amyloid-induced neurotoxicity. Ann. N. Y.
Acad. Sci. 890: 155-166.

3 Bautista AP, Spitzer JJ (1990). Superoxide anion generation by in
situ perfused rat liver: effect of in vivo endotoxin. Am. J. Physiol.
259: G907-G912.

4 Behrends A, Riediger S, Grube S, Poeggeler B, Haldar C, Hard-
eland R (2007). Photocatalytic mechanisms of indoleamine
destruction by the quinalphos metabolite 2-hydroxyquinoxaline:
a study on melatonin and its precursors serotonin and N-acetyl-
serotonin. J. Environ. Sci. Health B. 42: 599-606.

5 Berdeaux A (1993). Nitric oxide: an ubiquitous messenger.
Fundam. Clin. Pharmacol. 7: 401-411.

6 Bradford MM (1976). A rapid and sensitive method for the quan-
titation of microgram quantities of protein utilizing the principle
of protein-dye binding. Anal. Biochem. 72: 248-254.

7 Cadenas S, Rojas C, Barja G (1998). Endotoxin increases oxidative
injury to proteins in guinea pig liver: protection by dietary vita-
min C. Pharmacol. Toxicol. 82: 11-18.

8 Calvo JR, Reiter RJ, Garcia JJ, Ortiz GG, Tan DX, Karbownik M
(2001). Characterization of the protective effects of melatonin
and related indoles against alpha naphthylisothiocyanate-
induced liver injury in rats. J. Cell. Biochem. 80: 461-470.

9 Chen YH, Xu DX, Wang JP, Wang H, Wei LZ, Sun MF, Wei W. (2006).
Melatonin protects against lipopolysaccharide-induced intra-
uterine fetal death and growth retardation in mice. J. Pineal Res.
40: 40-47.

10 Dabrowska K, Stuss M, Gromadzinska J, Wasowicz W, Sewerynek
E (2008). The effects of melatonin on glutathione peroxidase
activity in serum and erythrocytes after adriamycin in normal
and pinealectomised rats. Endokrynol. Pol. 59: 200-206.

11 Daniels WM, Reiter RJ, Melchiorri D, Sewerynek E, Pablos MI, Ortiz
GG (1995). Melatonin counteracts lipid peroxidation induced by
carbon tetrachloride but does not restore glucose-6 phospha-
tase activity. J. Pineal Res. 19: 1-6.

12 Esterbauer H, Cheeseman KH (1990). Determination of aldehydic
lipid peroxidation products: malonaldehyde and 4-hydroxynon-
enal. Methods Enzymol. 186: 407-421.

13 Gavazza MB, Catala A (2004). Protective effect of N-acetyl-sero-
tonin on the nonenzymatic lipid peroxidation in rat testicular
microsomes and mitochondria. J. Pineal Res. 37: 153-160.

14 Gesing A, Karbownik-Lewinska M (2008). Protective effects of
melatonin and N-acetylserotonin on aflatoxin B1-induced lipid
peroxidation in rats. Cell Biochem. Funct. 26: 314-319.

Copyright © 2010 Neuroendocrinology Letters ISSN0172-780X « www.nel.edu



15 Gitto E, Pellegrino S, Gitto P, Barberi |, Reiter RJ (2009). Oxidative
stress of the newborn in the pre- and postnatal period and the
clinical utility of melatonin. J. Pineal Res. 46: 128-139.

16 Jiang-Shieh YF, Wu CH, Chien HF, Wei IH, Chang ML, Shieh JY, Wen
CY (2005). Reactive changes of interstitial glia and pinealocytes in
the rat pineal gland challenged with cell wall components from
gram-positive and -negative bacteria. J. Pineal Res. 38: 17-26.

17 Karbownik M, Stasiak M, Zygmunt A, Zasada K, Lewinski A
(2006). Protective effects of melatonin and indole-3-propionic
acid against lipid peroxidation, caused by potassium bromate in
the rat kidney. Cell Biochem. Funct. 24: 483-489.

18 Keithahn C, Lerchl A (2005). 5-hydroxytryptophan is a more
potent in vitro hydroxyl radical scavenger than melatonin or
vitamin C. J. Pineal Res. 38: 62-66.

19 Kheir-Eldin AA, Motawi TK, Gad MZ, Abd-El Gawad HM (2001).
Protective effect of vitamin E, beta-carotene and N-acetylcyste-
ine from the brain oxidative stress induced in rats by lipopoly-
saccharide. Int. J. Biochem. Cell Biol. 33: 475-482.

20 Kouno T, Egashira T, Takayama F, Kudo Y, Yamanaka Y (1994).

Effect of methylprednisolone on plasma lipid peroxidation

induced by lipopolysaccharide. Jpn. J. Pharmacol. 64: 163-169.

Li JH, Yu JP, Yu HG, Xu XM, Yu LL, Liu J, Luo HS (2005). Melatonin

reduces inflammatory injury through inhibiting NF-kappa B acti-

vation in rats with colitis. Mediators of Inflamm. 2005: 185-193.

22 Lipton SA, Choi YB, Pan ZH, Lei SZ, Chen HS, Sucher NJ, Loscalzo
J, Singel DJ, Stamler JS (1993). A redox-based mechanism for the
neuroprotective and neurodestructive effects of nitric oxide and
related nitroso-compounds. Nature 364: 626-632.

23 Masilamoni JG, Jesudason EP, Dhandayuthapani S, Ashok BS,
Vignesh S, Jebaraj WC, Paul SF, Jayakumar R (2008). The neu-
roprotective role of melatonin against amyloid beta peptide
injected mice. Free Radic. Res. 42: 661-673.

24 Matuszak Z, Bilska MA, Reszka KJ, Chignell CF, Bilski P (2003).
Interaction of singlet molecular oxygen with melatonin and
related indoles. Photochem. Photobiol. 78: 449-455.

25 Mei Q, Xu JM, Xiang L, Hu YM, Hu XP, Xu ZW (2005). Change of
nitric oxide in experimental colitis and its inhibition by melato-
nin in vivo and in vitro. Postgrad. Med. J. 81: 667-672.

26 Melchiorri D, Ortiz GG, Reiter RJ, Sewerynek E, Daniels WM,
Pablos MI, Nistico G (1998). Melatonin reduces paraquat-induced
genotoxicity in mice. Toxicol. Lett. 95: 103-108.

27 Melchiorri D, Reiter RJ, Chen LD, Sewerynek E, Nistico G (1996a).
Melatonin affords protection against kainate-induced in vitro
lipid peroxidation in brain. Eur. J. Pharmacol. 305: 239-242.

28 Melchiorri D, Reiter RJ, Sewerynek E, Hara M, Chen L, Nistico G
(1996b). Paraquat toxicity and oxidative damage. Reduction by
melatonin. Biochem. Pharmacol. 51: 1095-1099.

29 Menendez-Pelaez A, Reiter RJ (1993). Distribution of melatonin
in mammalian tissues: the relative importance of nuclear versus
cytosolic localization. J. Pineal Res. 15: 59-69.

30 Miguez JM, Recio J, Sanchez-Barcelo E, Aldegunde M (1998).
Changes with age in daytime and nighttime contents of mela-
tonin, indoleamines, and catecholamines in the pineal gland: a
comparative study in rat and Syrian hamster. J. Pineal Res. 25:
106-115.

31 Mokuno K, Ohtani K, Suzumura A, Kiyosawa K, Hirose Y, Kawai K,
Kato K (1994). Induction of manganese superoxide dismutase by
cytokines and lipopolysaccharide in cultured mouse astrocytes.
J.Neurochem. 63: 612-616.

32 Nowak D, Pietras T, Antczak A, Krol M, Piasecka G (1993). Effect of
bacterial lipopolysaccharide on the content of lipid peroxidation
products in lungs and other organs of mice. Antonie Van Leeu-
wenhoek 63: 77-83.

33 Okabe H, Irita K, Taniguchi S, Kurosawa K, Tagawa K, Yoshitake J,
Takahashi S (1994). Endotoxin causes early changes in glutathi-
one concentrations in rabbit plasma and liver. J. Surg. Res. 57:
416-419.

34 Peyrot F, Ducrocq C (2008). Potential role of tryptophan deriva-
tives in stress responses characterized by the generation of reac-
tive oxygen and nitrogen species. J. Pineal Res. 45: 235-246.

2

—_

Melatonin and N-acetylserotonin inhibit LPS-toxicity

35 Pless G, Frederiksen TJ, Garcia JJ, Reiter RJ (1999). Pharmaco-
logical aspects of N-acetyl-5-methoxytryptamine (melatonin)
and 6-methoxy-1,2,3,4-tetrahydro-beta-carboline  (pinoline)
as antioxidants: reduction of oxidative damage in brain region
homogenates. J. Pineal Res. 26: 236-246.

36 Poeggeler B, Saarela S, Reiter RJ, Tan DX, Chen LD, Manchester
LC, Barlow-Walden LR (1994). Melatonin--a highly potent endog-
enous radical scavenger and electron donor: new aspects of the
oxidation chemistry of this indole accessed in vitro. Ann. N. Y.
Acad. Sci. 738: 419-420.

37 Poeggeler B, Thuermann S, Dose A, Schoenke M, Burkhardt
S, Hardeland R (2002). Melatonin’s unique radical scavenging
properties - roles of its functional substituents as revealed by a
comparison with its structural analogs. J. Pineal Res. 33: 20-30.

38 Portoles MT, Ainaga MJ, Pagani R (1993). The induction of lipid
peroxidation by E. coli lipopolysaccharide on rat hepatocytes as
an important factor in the etiology of endotoxic liver damage.
Biochim. Biophys. Acta 1158: 287-292.

39 Qi W, Reiter RJ, Tan DX, Manchester LC, Siu AW, Garcia JJ (2000).
Increased levels of oxidatively damaged DNA induced by
chromium(lll) and H202: protection by melatonin and related
molecules. J. Pineal Res. 29: 54-61.

40 Reiter RJ, Paredes SD, Manchester LC, Tan DX (2009). Reducing
oxidative/nitrosative stress: a newly-discovered genre for mela-
tonin. Crit. Rev. Biochem. Mol. Biol. 44: 175-200.

41 Sessa WC (1994). The nitric oxide synthase family of proteins. J.
Vasc. Res 31: 131-143.

42 Sewerynek E, Abe M, Chen L, Ortiz GG, Reiter RJ (1995a). Oxida-
tive changes in the liver, brain and lens of lipopolysaccharide-
treated rats. Arch. Med. Res. 26 Spec No: S109-5115.

43 Sewerynek E, Abe M, Reiter RJ, Barlow-Walden LR, Chen L,
McCabe TJ, Roman LJ, Diaz-Lopez B (1995b). Melatonin adminis-
tration prevents lipopolysaccharide-induced oxidative damage
in phenobarbital-treated animals. J. Cell. Biochem. 58: 436-444.

44 Sewerynek E, Melchiorri D, Chen L, Reiter RJ (1995¢). Melatonin
reduces both basal and bacterial lipopolysaccharide-induced
lipid peroxidation in vitro. Free Radic. Biol. Med 19: 903-909.

45 Sewerynek E, Ortiz GG, Reiter RJ, Pablos MI, Melchiorri D, Daniels
WM (1996). Lipopolysaccharide-induced DNA damage is greatly
reduced in rats treated with the pineal hormone melatonin. Mol.
Cell. Endocrinol. 117: 183-188.

46 Sewerynek E, Poeggeler B, Melchiorri D, Reiter RJ (1995d). H,0,-
induced lipid peroxidation in rat brain homogenates is greatly
reduced by melatonin. Neurosci. Lett. 195: 203-205.

47 Sewerynek E, Swierczynska-Machura D, Lewinski A (2006). Effect
of propylthiouracil on the level of Schiff’s bases in tissues of rats
on diet with different doses of potassium iodide. Neuroendocri-
nol. Lett. 27: 595-599.

48 Shuter SL, Davies MJ, Garlick PB, Hearse DJ, Slater TF (1990).
Studies on the effects of antioxidants and inhibitors of radical
generation on free radical production in the reperfused rat heart
using electron spin resonance spectroscopy. Free Radic. Res.
Commun. 9: 223-232.

49 Silva SO, Rodrigues MR, Carvalho SR, Catalani LH, Campa A,
Ximenes VF (2004). Oxidation of melatonin and its catabolites,
N1-acetyl-N2-formyl-5-methoxykynuramine and N1-acetyl-5-
methoxykynuramine, by activated leukocytes. J. Pineal Res. 37:
171-175.

50 Stasica P, Ulanski P, Rosiak JM (1998). Melatonin as a hydroxyl
radical scavenger. J. Pineal Res. 25: 65-66.

51 Swierczynska-Machura D, Lewinski A, Sewerynek E (2004). Mela-
tonin effects on Schiff’s base levels induced by iodide adminis-
tration in rats. Neuroendocrinol. Lett. 25: 70-74.

52 Tamura EK, Cecon E, Monteiro AW, Silva CL, Markus RP (2009).
Melatonin inhibits LPS-induced NO production in rat endothelial
cells. J. Pineal Res. 46: 268-274.

53 Tan DX, Manchester LC, Reiter RJ, Plummer BF, Hardies LJ, Wein-
traub ST, Vijayalaxmi, Shepherd AM (1998). A novel melatonin
metabolite, cyclic 3-hydroxymelatonin: a biomarker of in vivo
hydroxyl radical generation. Biochem. Biophys. Res. Commun.
253:614-620.

Neuroendocrinology Letters Vol.31 No.4 2010 - Article available online: http://node.nel.edu

495



496

Michal Stuss, Joanna A. Wiktorska, Ewa Sewerynek

54 Tan DX, Manchester LC, Reiter RJ, Plummer BF, Limson J, Wein-
traub ST, Qi W (2000). Melatonin directly scavenges hydrogen
peroxide: a potentially new metabolic pathway of melatonin
biotransformation. Free Radic. Biol. Med. 29: 1177-1185.

55 Tan DX, Manchester LC, Sainz RM, Mayo JC, Leon J, Hardeland R,
Poeggeler B, Reiter RJ (2005). Interactions between melatonin
and nicotinamide nucleotide: NADH preservation in cells and in
cell-free systems by melatonin. J. Pineal Res. 39: 185-194.

56 Tan DX,Chen LD ,Poeggeler B, Menchester LC, Reiter RJ (1993).
Melatonin: a potent, endogenous hydroxyl radical scavenger.
Endocrine J. 1: 57-60.

57 Tengattini S, Reiter RJ, Tan DX, Terron MP, Rodella LF, Rezzani R
(2008). Cardiovascular diseases: protective effects of melatonin.
J. Pineal Res. 44: 16-25.

58 Vijayalaxmi KK, Reiter RJ, Sewerynek E, Poeggeler B, Leal BZ,
Meltz ML. (1995). Marked reduction of radiation-induced micro-
nuclei in human blood lymphocytes pretreated with melatonin.
Radiat. Res. 143: 102-106.

59 Vijayalaxmi KK, Reiter RJ, Tan DX, Herman TS, Thomas CR Jr.
(2004). Melatonin as a radioprotective agent: a review. Int. J
Radiat. Oncol. Biol. Phys. 59: 639-653.

60 Wiktorska JA, Lewinski A, Nowak D, Pietras T, Sewerynek E.

(2010). Effects of certain antioxidants on lipid peroxidation pro-

cess in lung homogenates of L-thyroxine-receiving rats. Neuro-

endocrinol. Lett. 31: 137-146

Wiktorska JA, Lewinski A, Sewerynek E. (2005). Effects of differ-

ent antioxidants on lipid peroxidation in brain homogenates,

induced by L-thyroxine administration in rats. Neuroendocrinol.

Lett. 26: 704-708.

62 Wolfler A, Abuja PM, Schauenstein K, Liebmann PM. (1999).
N-acetylserotonin is a better extra- and intracellular antioxidant
than melatonin. FEBS Lett. 449: 206-210.

63 Ximenes VF, Silva SO, Rodrigues MR, Catalani LH, Maghzal GJ,
Kettle AJ, Campa A. (2005). Superoxide-dependent oxidation of
melatonin by myeloperoxidase. J. Biol. Chem. 280: 38160-38169.

64 Yoshikawa T, Takano H, Takahashi S, Ichikawa H, Kondo M. (1994).
Changes in tissue antioxidant enzyme activities and lipid perox-
ides in endotoxin-induced multiple organ failure. Circ. Shock 42:
53-58.

65 Zavodnik IB, Lapshina EA, Zavodnik LB, Labieniec M, Bryszewska
M, Reiter RJ. (2004). Hypochlorous acid-induced oxidative stress
in Chinese hamster B14 cells: viability, DNA and protein damage
and the protective action of melatonin. Mutat. Res. 559: 39-48.

6

ity

Copyright © 2010 Neuroendocrinology Letters ISSN0172-780X « www.nel.edu



