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Abstract

Tumor growth can often induce signs of oxidative stress in host organism. To assess the situation
as for melanoma, the oxidative stress markers (specific malondialdehyde-thiobarbituric acid
complexes: MDA-TBA, and less specific thiobarbituric acid reactive substances: TBARS) were
measured in sera, liver and tumors of B16- and Cloudman S91- bearing mice and compared to
those of control animals. The MDA-TBA levels (unlike TBARS) in the sera and liver of
melanoma-bearing mice were significantly lower compared to controls. In addition, a
significantly higher concentration of vitamin E was found in the blood and liver of both
melanoma models compared to controls. Contrary to expectation, it appears that melanoma-
bearing mice are able to suppress the level of lipid peroxidation. The free radical balance in
melanoma-bearing hosts is unique and differs from other tumor types. This should be taken into
consideration when designing a human melanoma therapy.

© 2013 GESDAV

INTRODUCTION

Tumor cells can exhibit increased intrinsic oxidative
stress due in part to oncogenic stimulation, increased
metabolic activity and mitochondrial malfunction
[1, 2]. Persistent oxidative stress in tumor cells induces
free radical damage of lipids, carbohydrates, proteins,
amino acids and nucleic acids [3]. The modified
molecules and/or their degradation products may serve
as surrogate markers of oxidative stress. These
substances have been tested as markers of tumor
burden and/or the efficiency of tumor therapy. From
the long list of such markers much attention has been
paid to the malondialdehyde (MDA), a product of lipid
peroxidation, which forms color product with
thiobarbituric acid (TBA) that is easy to determine [3]
as TBARS (TBA-reactive substances) or as more
specific MDA-TBA adducts.

Melanoma differs from all other tumors by a special
differentiation, i.e. by an ability to produce melanins in
the process of melanogenesis during which reactive
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species including radicals but also antioxidants are
produced and radicals scavenged [4, 5]. Hence, the free
radical balance in melanoma cells and in melanoma-
bearing hosts is quite complex [5, 6] (see also Table 1).

Increased levels of TBARS have been reported in the
plasma of melanoma patients [7], in the liver of B16
melanoma-bearing mice [8] and confirmed in the sera,
brain, liver and lungs [9] of the same melanoma model.
On the other side of the equation, Sander et al [10]
demonstrated increased expression and activity of
antioxidant enzymes in human melanoma compared to
basal cell- and squamous cell-carcinomas, and another
study [11] postulated that the antioxidant defence of
seven human melanoma cell lines was sufficient to
prevent oxidative stress, in contrast to cell lines from
five other human tumors.

To solve the discrepancy mentioned above, the free
radical balance was assessed by measurements of TBA-
reactive material and vitamin E levels in standard
melanoma models. We measured both MDA-TBA
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complexes devoid of intefering substances and TBARS
levels in sera, liver and tumors of melanoma-bearing
mice. Since we focused to manifestations of lipid
peroxidation, the process intimately associated with
membranes, the levels of vitamin E as a representative
of hydrophobic antioxidants and the major lipid-soluble
chain-breaking compound in vertebrates associated
with melanoma growth were also monitored.

MATERIAL AND METHODS

Animal experiments were approved by the Ethics
Committee of the 1% Medical Faculty, Charles
University in Prague and were confirmed to comply
with the article 18a , paragraph 2b of the Act No.
246/1992 of the Czech Republic. B16 and Cloudman
S91 melanomas were grown intraperitoneally in
approx. 10 week old female inbred C57BL/6J and
DBA2 mice, respectively. Mice were supplied by
VELAZ, Lysolaje, Czech Republic and were
maintained in a temperature and light controlled
environment with free access to tap water and standard
pellet food ad libitum. Blood, liver and tumor tissue
were obtained from animals euthanised in ether
anesthesia by decapitation.

TBARS were measured spectrophotometrically at
532 nm by the method of Yagi [12]. Concentration of
the TBA-MDA complex was determined spectrophoto-
metrically at 532 nm [13] after its HPLC separation on
a Separon column (SGX C18, 7 um, 4 x 250 mm,
TESSEK, Czech  Republic); mobile  phase:
methanol/phosphate buffer pH 6.3, 40:60 (v/v) as
recommended by Peuchant et al [14]. The
concentration of proteins was determined by the
method of Bradford [15].

Vitamin E concentration was analyzed after its
extraction from sera and tissues by the method of
Bucher and Roberts [16] by using isocratic HPLC as
suggested by Bui [17]. Technical details: HPLC
Shimadzu LC-9A, integrator Shimadzu CR-5A
Chromatopac, column Separon SGX C18, 5 um,
3 x 150 mm (TESSEK, Czech Republic); mobile phase:
acetonitrile/tetrahydrofurane/methanol 680:220:70, UV
detection at 290 nm.

Statistical analysis was performed using Student’s t-
test. Significance was accepted at P < 0.05.

RESULTS

Specific MDA measurements revealed that the MDA-
TBA adduct levels in the sera of melanoma-bearing
mice were significantly lower than those found in
control animals. The MDA-TBA levels in the liver of
melanoma hosts were also lower (Fig.1).
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Figure 1. MDA/TBA levels. Black columns: melanoma-bearing
mice; white columns: control animals. C57 S = sera of C57BL mice;
DBA S = sera of DBA2 mice; C57 L = liver of C57 mice; DBA L =
liver of DBA2 mice; B16 = B16 melanoma; S91 = Cloudman S91
melanoma. The results are expressed as x + SD.
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There was no significant increase of less specific
TBARS in sera (P =0.62) and liver (P = 0.57) of B16
melanoma-bearing mice in early phase of the disease;
tumor weight < 5% of the body weight. The TBARS
measurements showed a significant increase in the sera
(P =0.02) and in the liver (P = 0.04) of B16 melanoma-
bearing mice in advanced stage of the disease;
melanoma weight > 10% body weight (not shown) in
accord with previous reports [8,9]. This is not an
unexpected result, because the colour reaction with
thiobarbituric acid is not specific for malondialdehyde
and many other compounds are also TBA positive [3].
Sialic acid is one of these interfering substances [3, 18]
and an increase of serum sialic acid during the tumor
progression has been demonstrated both in melanoma
patients [19] and in melanoma-bearing animals [20]. In
addition, a special sialoform of gamma-glutamyltrans-
ferase (GGT) released by B16 and S91 melanoma into
the blood stream [21] can contribute to the increase of
non-specific TBARS in the sera of melanoma-bearing
mice.

Tumor tissue MDA-TBA concentration in B16
melanoma was lower than that in S91 melanoma
(Fig.1), possibly due to the scavenging properties of
eumelanin in a more pigmented tumor type [4, 22-24].

Serum and liver concentrations of vitamin E in B16
melanoma-bearing mice and in S91 melanoma-mice
(Fig.2) were significantly higher compared to control
animals. Similarly, elevated levels of vitamin E have
been noted in melanoma cells [25, 26] in other studies.

DISCUSSION

Transplantable pigmented B16 melanoma and
hypopigmented Cloudman S91 melanoma have been
used as excellent standard models of human melanoma
for more than six decades [27].
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Figure 2. Vitamin E levels. Upper panel: B16 melanoma bearing
mice; black columns: melanoma-bearing mice; white columns:
control animals. Lower panel: Cloudman S91 melanoma bearing
mice; black columns: melanoma-bearing mice; white columns:
control animals. The results are expressed as x + SD.

Our data indicate that, in the model systems examined,
unlike other non-melanoma tumor models [1, 2, 28],
the presence of tumor cells results in a reduction of
levels of lipid peroxidation in the host animals. This
phenomenon appears to be confined to melanoma-
bearing animals and suggests that the suppressive
mechanism is associated with the melanin content,
which is consistent with the differences we observed
between B16 and S91 melanomas.

It is important to emphasise that the data relate
specifically to lipid peroxidation and do not necessarily
imply any general diminution in free radical processes
in melanoma-bearing hosts. A challenge for novel anti-
melanoma therapeutic strategies is to adjust the

Table 1. Free radical situation in pigment cells

metabolic balance towards radical-induced apoptotic
signalling [2, 26]. Some suitable agents have already
been tested [5, 28, 29]. Thiostrepton has been found
very promising because it selectively impairs viability
of melanoma cells in contrast to melanocytes [30].

Table 1 summarizes the complex system of production
of pro- and antioxidant species during the process of
melanogenesis  [5, 6, 24, 25, 31-33]  specific to
melanoma cells. Tyrosinase catalyses synthesis of
reactive quinones and semiquinones associated with
reactive oxygen species (ROS) formation [4, 5, 31].
Tyrosinase reaction produces also diphenols acting as
inhibitors of lipid peroxidation (e.g. 5,6-dihydroxy-
indole was shown to be as potent as a-tocopherol [32]).
Eumelanin as pseudosuperoxide dismutase produces
hydrogen peroxide (H,O,) [22]. Melanins belong to the
group of stable free radicals [4,5,29]. Hence,
particularly eumelanin can act as a sink for diffusible
free radicals [4, 5, 24]. Carboxylic groups of melanin
can bind redox active metals and diminish the synthesis
of free radicals [4, 5]. A recent study demonstrated that
the presence of melanin in melanoma cells prevented
the generation of mitochondrial damage by H,0, as an
oxidative stressor [34]. Upon irradiation eumelanin and
particularly pheomelanin become strong radical
producers with fatal consequences for the cell
[4, 5, 23]. Pheomelanogenesis requires cysteine as a
substrate which can deplete the cell of cysteine and
glutathione (GSH) [5, 6].

Although the synthesis of potentially toxic melanin
precursors is  strictly compartmentalized into
melanosomes, the occurrence of aberrant melanosomes
in melanoma cells, often with membrane defects
[5, 8, 29], does not prevent leakage of toxic species into
other compartments [5, 8] exposing melanoma cells to
radical and toxic species attack in relation to the extent
of melanosomal membrane damage. Pigment cells
defend themselves by physiological scavenging
mechanisms. When their capacity is overcome,
pathological reactions ensue [5, 8]. The possibility of
amplifying the generation of toxic melanogenic
intermediates has long been viewed as a basis for
rational approach to melanoma therapy [5, 29].

Pro-oxidant action

Antioxidant action

catalyzes synthesis of (semi)quinones and reactive

produces diphenols [32];
consumes superoxide radicals [33]

scavenger of free radicals [4, 5, 24, 29];
binds redox active metals [4, 5];
prevents mitochondrial DNA damage [34]

Tyrosinase oxygen species [4, 5, 31]

as pseudosuperoxide dismutase produces hydrogen
Eumelanin peroxide [22];

producer of free radicals [4, 5, 23]

high synthesis can deplete the cell of cysteine and
Pheomelanin  glutathione [6];

strong producer of radicals [4, 5, 23]
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Free radical situation in melanoma cells is unique
[4-6,10] and different from other tumor cells
[1-3, 10, 11]. The inhibition of lipid peroxidation in
vivo described above corresponds to biochemical
experiments of Bustamante et al [22] in vitro: Both
spontaneous and 2,2-azobis/2-amidinopropan-induced
lipid peroxidation of rat liver homogenate could be
inhibited by the addition of synthetic or from tumor
isolated melanins to the reaction mixture.

The present observed changes induced by melanoma
growth are also in accord with a recent concept that
tumors as organs can interface with the entire organism
[35].

ACKNOWLEDGEMENT

Financial support from the Charles University Grant
PRVOUK P27/LF1/1 and from the Czech Ministry of Health
Grant Agency IGA MZ CR NT11229-3 are gratefully
acknowledged.

COMPETING INTERESTS

The authors declare that they have no conflict of interests.

104

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Pelicano H, Carney D, Huang P. ROS stress in cancer cells and
therapeutic implications. Drug Resist Updat 2004; 7:97-110.

Halliwell B. Oxidative stress and cancer:
forward? Biochem J 2007; 401:1-11.

Halliwell B, Gutteridge JMC. Free Radicals in Biology and
Medicine, 4@ edition, Oxford University Press, NewYork, NY,
USA, pp 1-951, 2007.

Borovansky J. Free radical activity of melanins and related
substances — biochemical and pathobiochemical aspects. Sbh Lek
1996; 97:49-70.

Borovansky J, Riley PA. Physiological and pathological
functions of melanosomes. In: Borovansky J, Riley PA (eds)
Melanins and Melanosomes:  Biosynthesis, Biogenesis,
Physiological and Pathological Functions, Wiley-Blackwell,
Weinheim, Germany, pp 343-381, 2011.

Wittgen HG, van Kempen LC. Reactive oxygen species in
melanoma and its therapeutic implications. Melanoma Res 2007;
17:400-9.

Gadjeva V, Dimov A, Georgieva AN. Influence of therapy on
the antioxidant status in patients with melanoma. J Clin Pharm
Therap 2008; 33: 179-185.

Borovansky J, Mirejovsky P, Riley PA. Possible relationship
between abnormal melanosome structure and cytotoxic
phenomena in malignant melanoma. Neoplasma 1991; 38:393-
400.

Wozniak A, Wozniak B,. Drewa G, Drewa T. Lipid peroxidation
and antioxidant capacity in selected tissues of healthy black
C57BL/6J mice and B16 melanoma-bearing mice. Melanoma
Res 2003; 13:19-22.

Sander CS, Hamm F, Elsner P, Thiele JJ. Oxidative stress in
malignant melanoma and non-melanoma skin cancer. Brit J
Dermatol 2003; 148:913-22.

Lipsova A, Vachtenheim J, Borovansky J. Antioxidant defence
of melanoma cells and its exploitation in pro-/anti-oxidant
therapy. Pigment Cell Melanoma Res 2009; 22:674.

Yagi K. Lipid Peroxides in Biology and Medicine. Academic
Press, New York, NY, USA, pp 223-242, 1982.

Carbonneau MA, Peuchant E, Sess D, Canioni P, Clerc M. Free
and bound malondialdehyde measured as thiobarbituric acid
adduct by HPLC in serum and plasma. Clin Chem
1991;37:1423-9.

Peuchant E, Carbonneau MA, Dubourg L, Thomas MJ, Perromat
A, Vallot C, Clerc M. Lipoperoxidation in plasma and red blood
cells of patients undergoing haemodialysis: vitamins A, E, and
iron status. Free Radic Biol Med 1994; 16:339-46.

Bradford MM. A rapid and sensitive method for the quantitation
of microgram quantities of protein utilizing the principle of
protein-dye binding. Anal Biochem 1976; 72:248-54.

Bucher JR, Roberts RJ. Alpha-Tocopherol (vitamin E) content of
lung, liver, and blood in the newborn rat and human infant:
influence of hyperoxia. J Pediatr 1981; 98:806-11.

Bui MH. Simple determination of retinol, alpha-tocopherol and
carotenoids  (lutein, all-trans-lycopene, alpha- and beta-
carotenes) in human plasma by isocratic liquid chromatography.
J Chromatogr B Biomed Appl 1994; 654:129-33.

Lapenna D, Ciofani G, Pierdomenico SD, Dele Giamberardino
MA, Cuccurullo F. Reaction conditions affecting the relationship
between thiobarbituric acid reactivity and lipid peroxides in
human plasma. Free Radic Biol Med 2001; 31:331-5.

Reintgen DS, Cruse CW, Wells KE, Saba HI, and Fabri PJ. The
evolution of putative tumor markers for malignant melanoma.
Ann Plast Surg 1992; 28:55-9.

have we moved

DOl 10.5455/0ams.270313.0r.032


http://isbndb.com/d/publisher/academic_press.html
http://isbndb.com/d/publisher/academic_press.html
http://www.ncbi.nlm.nih.gov/pubmed/1868605
http://www.ncbi.nlm.nih.gov/pubmed/1868605
http://www.ncbi.nlm.nih.gov/pubmed/1868605
http://www.ncbi.nlm.nih.gov/pubmed/8004234
http://www.ncbi.nlm.nih.gov/pubmed/8004234
http://www.ncbi.nlm.nih.gov/pubmed/8004234

Oxidants and Antioxidants in Medical Science 2013; 2(2):101-105

20.

21

22.

23.

24.

25.

26.

27.

Vedralova E , Borovansky J. Evaluation of serum sialic acid
fractions as markers for malignant melanoma. Cancer Lett 1994;
78:171-5.

Melezinek |, Borovansky J, Elleder M, Bubnova E. Tumour
tissue is a source of y-glutamyl transpeptidase sialoform in the
sera of melanoma-bearing mice. Melanoma Res 1998; 8:39-45.

Bustamante J, Bredeston L, Malanga G, Mordoh J. Role of
melanin as a scavenger of active oxygen species. Pigment Cell
Res 1993; 6:348-53.

Rozanowska M, Sarna T, Land EJ, Truscott TG. Free radical
scavenging properties of melanin interaction of eu- and pheo-
melanin models with reducing and oxidising radicals. Free Radic
Biol Med 1999; 26:518-25.

Schwabe K, Lassmann G, Damerau W, Naundorf H. Protection
of melanoma cells against superoxide radicals by melanins. J
Cancer Res Clin Oncol 1989; 115:597-600.

Picardo M, Grammatico P, Roccella F, Roccella M, Grandinetti
M, Del Porto G, Passi S. Imbalance in the antioxidant pool in
melanoma cells and normal melanocytes from patients with
melanoma. J Invest Dermatol 1996; 107:322-6.

Baldi A, Lombardi D, Russo P, Palescandolo E, De Luca A,
Santini D, Baldi F, Rossiello L, Dell'’Anna ML, Mastrofrancesco
A, Maresca V, Flori E, Natali PG, Picardo M, Paggi MG. Ferritin
contributes to melanoma progression by modulating cell growth
and sensitivity to oxidative stress. Clin Cancer Res
2005;11:3175-83.

Kusewitt DF, Ley RD. Animal models of melanoma. Cancer
Surv 1996; 26:35-70.

28

29.

30.

31.

32.

33.

34.

35.

. Liou GY, Storz P. Reactive oxygen species in cancer. Free Radic
Res 2010; 44:479-96.

Fruehauf JP, Trapp V. Reactive oxygen species: an Achilles heel
in melanoma. Exp Rev Anticancer Ther 2008; 8:1751-8.

Qiao S, Lamore SD, Cabello CM, Lesson JL, Munoz-Rodriguez
JL, Wondrak GT. Thiostrepton is an inducer of oxidative and
proteotoxic stress that impairs viability of human melanoma cells
but not primary melanocytes. Biochem Pharmacol. 2012;
83:1229-40.

Mastore M, Kohler L, Nappi AJ. Production and utilization of
hydrogen peroxide associated with melanogenesis and
tyrosinase-mediated oxidations of DOPA and dopamine. FEBS J
2005; 272:2407-15.

Memoli S, Napolitano A, d'Ischia M, Misuraca, Palumbo A,
Prota G. Diffusible melanin-related metabolites are potent
inhibitors of lipid peroxidation. Biochim Biophys Acta 1997;
1346:61-8.

Valverde P, Manning P, McNeil CJ, Thody AJ. Activation of
tyrosinase reduces the cytotoxic effects of the superoxide anion
in B16 mouse melanoma cells. Pigment Cell Res 1996; 9:77-84.

Swalwell H, Latimer J, Haywood RM, Birch-Machin MA.
Investigating the role of melanin in UVA/UVB- and hydrogen
peroxide-induced cellular and mitochondrial ROS production
and mitochondrial DNA damage in human melanoma cells. Free
Radic Biol Med 2012; 52:626-34.

Egeblad M, Nakasone ES, Werb Z. Tumors as organs: complex
tissues that interface with the entire organism. Dev Cell 2010;
18:884-901.

This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License which permits
unrestricted, non-commercial use, distribution and reproduction in any medium, provided that the work is properly cited.

http://www.oamsjournal.com

105


http://www.ncbi.nlm.nih.gov/pubmed?term=Bredeston%20L%5BAuthor%5D&cauthor=true&cauthor_uid=8302773
http://www.ncbi.nlm.nih.gov/pubmed?term=Malanga%20G%5BAuthor%5D&cauthor=true&cauthor_uid=8302773
http://www.ncbi.nlm.nih.gov/pubmed/8302773##
http://www.ncbi.nlm.nih.gov/pubmed/8302773##
http://www.ncbi.nlm.nih.gov/pubmed?term=R%C3%B3zanowska%20M%5BAuthor%5D&cauthor=true&cauthor_uid=10218640
http://www.ncbi.nlm.nih.gov/pubmed?term=Sarna%20T%5BAuthor%5D&cauthor=true&cauthor_uid=10218640
http://www.ncbi.nlm.nih.gov/pubmed?term=Land%20EJ%5BAuthor%5D&cauthor=true&cauthor_uid=10218640
http://www.ncbi.nlm.nih.gov/pubmed?term=Truscott%20TG%5BAuthor%5D&cauthor=true&cauthor_uid=10218640
http://www.ncbi.nlm.nih.gov/pubmed?term=Grammatico%20P%5BAuthor%5D&cauthor=true&cauthor_uid=8751964
http://www.ncbi.nlm.nih.gov/pubmed?term=Roccella%20F%5BAuthor%5D&cauthor=true&cauthor_uid=8751964
http://www.ncbi.nlm.nih.gov/pubmed?term=Roccella%20M%5BAuthor%5D&cauthor=true&cauthor_uid=8751964
http://www.ncbi.nlm.nih.gov/pubmed?term=Grandinetti%20M%5BAuthor%5D&cauthor=true&cauthor_uid=8751964
http://www.ncbi.nlm.nih.gov/pubmed?term=Grandinetti%20M%5BAuthor%5D&cauthor=true&cauthor_uid=8751964
http://www.ncbi.nlm.nih.gov/pubmed?term=Del%20Porto%20G%5BAuthor%5D&cauthor=true&cauthor_uid=8751964
http://www.ncbi.nlm.nih.gov/pubmed?term=Passi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=8751964
http://www.ncbi.nlm.nih.gov/pubmed?term=Baldi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15867210
http://www.ncbi.nlm.nih.gov/pubmed?term=Lombardi%20D%5BAuthor%5D&cauthor=true&cauthor_uid=15867210
http://www.ncbi.nlm.nih.gov/pubmed?term=Russo%20P%5BAuthor%5D&cauthor=true&cauthor_uid=15867210
http://www.ncbi.nlm.nih.gov/pubmed?term=Valverde%20P%5BAuthor%5D&cauthor=true&cauthor_uid=8857670
http://www.ncbi.nlm.nih.gov/pubmed?term=Manning%20P%5BAuthor%5D&cauthor=true&cauthor_uid=8857670
http://www.ncbi.nlm.nih.gov/pubmed?term=McNeil%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=8857670
http://www.ncbi.nlm.nih.gov/pubmed?term=Thody%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=8857670

