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Summary

Severe burn injuries cause functional impairment in distant internal organs. Although this mechanism is not clear, it is
possible that free radical toxicity plays an important role. Research in animals and clinical studies have shown that there
is a close relationship between a lipid peroxidative reaction and secondary pathological changes following thermal
injury. It has been demonstrated that antioxidant treatment prevents oxidative tissue damage associated with thermal
trauma. This study was designed to determine the possible protective effect of caffeic acid phenethyl ester (CAPE)
treatment against oxidative damage in the kidney and lung induced by thermal injury. Rats were decapitated either 1, 3
or 7 days after burn injury. CAPE was administered intraperitoneally immediately after thermal injury. Kidney and lung
tissues were taken for the determination of malondialdehyde (MDA) level, myeloperoxidase (MPO), catalase (CAT),
superoxide dismutase (SOD) and xanthine oxidase (XO) activities. Severe skin thermal injury caused a significant
decrease in SOD and CAT activities, as well as significant increases in MDA level, XO and MPO activities in tissues
during the postburn period. Treatment of rats with CAPE (10 pmol/kg) significantly elevated the decreased SOD and
CAT activities, while it decreased MDA levels and MPO as well as XO activity.
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Introduction

Thermal injury may lead to hypovolemia,
ischemia and reperfusion (LaLonde et al. 1992). In
addition, endotoxemia may occur by the damage of
intestinal mucosa induced by burns (Demling et al. 1986).
These changes start as a chain reaction such as
polymorphonuclear

sequestration  of leukocytes,

activation of neutrophils and xanthine oxidase system,

increase in the metabolism of arachidonic acid, release of
free metal ions (e.g. iron) which leads to hydroxyl radical
production from hydrogen peroxide via the Fenton
reaction, release of inflammatory cytokines (interleukin
1, tumor necrosis factor-a, etc.), platelet aggregation and
other hormonal and metabolical changes (Friedl et al.
1989, Damtew et al. 1993, Kataranovski et al. 1999,
Yamashita et al. 2000, Basoglu et al. 2002). These
reactions are the factors triggering oxidative reactions and
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cause excess production and release of reactive oxygen
substances (ROS). Local and systemic oxidant changes
are believed to provide a stimulus for increased tissue
inflammation, with resultant neutrophil and macrophage
sequestration in distant organs (Baskaran et al. 2000,
Dries et al. 2001). On the contrary, the antioxidant
system of tissues is damaged by injury and cannot cope
against ROS in the following period (Demling and
LaLonde1990, Dubick et al. 2002). The combination of
with
nonenzymatical and enzymatical antioxidant activity

increased  oxidant decreased  endogenous
corresponds to a decrease in cellular energetics and cell

membrane  lipid peroxidation. Membrane lipid
peroxidation can lead to changes in membrane fluidity
and permeability, and also to increased rates of protein
and nucleic acid degradation, and these finally lead to cell
lysis. Therefore, detrimental effects of burns are not only
limited locally to the skin, but they also affect distant
organs.

CAPE is an active component of honeybee
propolis extracts and has been used in tradional medicine
for many years. Recent studies have shown that CAPE
has antiinflammatory, antioxidant, immunomodulatory,
antimitotic and anticarcinogenic properties (Ilhan et al.
1999, Hepsen et al. 1997, 1999, Orhan et al. 1999, Uz et
al. 2002).

In this study, we examined the effects of CAPE
treatment on lung and kidney tissues after thermal injury
in an animal model. To determine the efficacy of CAPE,
the levels of MDA and activities of superoxide dismutase,
catalase, xanthine oxidase and myeloperoxidase, were
measured on the first, 3th and 7th day of the postburn

period.
Methods

Male Wistar albino rats of the same age,
weighing between 250-300 g, were obtained from the
Faculty
Experimental Research Center and housed in separate

Zonguldak Karaelmas University Medical
cages under standard conditions, with a 12/12 h light-dark
regimen. The rats were given standard rat chow and water
ad libitum.

Anesthesia  was  achieved by  sodium
pentobarbital (50 mg/kg, i.p.), and the skin on the dorsal
surface of the back was depilated using an animal
depilatory agent. The dorsal area of the back was

scrubbed with Betadine following removal of the hairs.

Tested Drug

CAPE (Sigma, St. Louis, MO, USA) was
administered intraperitoneally to rats in doses of 10
pmol/kg.

Thermal injury

Animals were subjected to a 25-30 % total body
surface area full-thickness burn by brass probe. Under
general anesthesia, the brass probe was immersed in
boiling water (100 °C) until thermal equilibrium was
achieved. It was then placed without pressure for 20 s on
the back and flanks of the rats. All animals were
resuscitated with 5 ml of lactated Ringer's solution
intraperitoneally.

Experimental protocol

The rats were randomly separated into three
groups. The first group served as controls with a control
burn (control, n=8), and the second group (n=15) as burn
control with burn injury without any therapy. The last
group (n=18) was then subdivided into three subgroups
according to the assessment time, either first day, 3rd day
or 7th day. CAPE was administered intraperitoneally
immediately after the burn injury and continued with the
same dose one a day.

After scarification, all organs were washed two
times with cold saline solution, placed into glass bottles,
labeled, and stored in a deep freeze (-30 °C) until
processing (maximum 10 h). Tissues were homogenized
in four volumes of ice-cold Tris-HCI buffer (50 mM, pH
7.4) using a glass Soniprep 150 homogenizer (MSS 150
CX 3.5, Sanyo, UK) after cutting the organs into small
pieces with scissors (for 2 min at 5000 rpm). The
homogenate was then centrifuged at 5000 x g for 60 min
to remove the debris. Clear upper supernatant fluid was
taken and CAT activity and protein concentration were
determined at this stage. The supernatant solution was
extracted with an equal volume of an ethanol/chloroform
mixture (5/3, v/v). After centrifugation at 5000 x g for 30
min, the clear upper layer (the ethanol phase) was taken
and used in the SOD and CAT activities and protein
assays. All preparation procedures were performed at
+4 °C.

Malondialdehyde (MDA) determination

The tissue MDA levels were determined by the
method of Draper and Hadley (1990) based on the
reaction of MDA with thiobarbituric acid (TBA) at 95 °C.
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In the TBA test reaction, MDA and TBA react by
forming a pink pigment with an absorption maximum at
532 nm. The reaction was carried out at pH 2-3 at 95 °C
for 15 min. The sample was mixed with 2.5 volumes of
10 % (w/v) trichloroacetic acid to precipitate the protein.
The precipitate was pelleted by centrifugation and aliquot
of supernatant was reacted with an equal volume of
0.67 % TBA in a boiling water-bath for 15 min. After
cooling, the absorbance was read at 532 nm. Arbitrary
values obtained were compared with a series of standard
solutions (1,1,3,3 tetramethoxypropane). The results were
expressed as nanomoles per milligram tissue (nmol/mg
tissue).

Myeloperoxidase (MPQO) activity determination

MPO activity was determined using 4-amino-
antipyrine/phenol solution as the substrate for MPO-
mediated oxidation by H,O, and changes in absorbance
were recorded at 510 nm. One unit of MPO activity is
defined as that which degrades 1 pmol H,O,/ min at
25°C. Data are presented as U/g protein (Wei and
Frenkel 1993).

Xanthine oxidase (XO) activity determination

XO activity was assayed spectrophotometrically
at 293 nm and 37 °C with xanthine as substrate (Prajda
and Weber 1975). The formation of uric acid from
xanthine increases absorbency. One unit of activity was
defined as 1 pmol of uric acid formed per minute at
37°C, pH 7.5, and expressed in units per gram tissue
protein.

Superoxide dismutase (SOD) activity determination

Total (Cu-Zn and Mn) SOD (EC 1.15.1.1)
activity was determined according to the method of Sun
et al. (1988). The principle of the method is based on the
inhibition of NBT reduction by the xanthine-xanthine
oxidase system as a superoxide generator. Activity was
assessed in the ethanol phase of the lysate after 1.0 ml
ethanol/chloroform mixture (5/3, v/v) was added to the
same volume of the sample and centrifuged. One unit of
SOD was defined as the enzyme amount causing 50 %
inhibition in the NBT reduction rate. SOD activity was
also expressed as units per milliliter.

Catalase (CAT) activity

CAT activity was determined according to
Aebi’s method (1974). The principle of the method is
based on the determination of the rate constant (s, k) or

the H,O, decomposition rate at 240 nm. The results were
expressed as k (rate constant) per gram protein.

Protein assays
Protein assays in the samples were determined
by the method of Lowry et al. (1951).

Statistical analysis

All statistical analyses were carried out using
SPSS statistical software (SPSS for Windows version
11.0). All data were presented in means = SD.
Differences in measured parameters among three groups
a Kruskal-Wallis test. Dual
comparisons between days that present significant values
were evaluated with the Mann-Whitney U-test. The
differences were considered to be significant when the

were analyzed by

probability was less than 0.05.
Results

Malondialdehyde levels

The lung and kidney MDA levels in the group
with burns were significantly higher on the first day than
in the control group. It was observed that these high
levels went up to the end of the 3rd day and became
normalized on the 7th day. No significant difference of
tissue MDA levels was observed between the CAPE
group and the control group in the postburn period

(Fig. 1).

Myeloperoxidase activity

While MPO activities of the kidney and lung
were found to be significantly higher on the 1st day of the
postburn period in the group with burns than in the
control group, they started to decrease and returned to
normal levels by the 3rd day. No significant change of
tissue MPO activities was observed in the CAPE group
compared to the control group during the postburn period
(Fig. 2).

Xanthine oxidase activity

While XO activities in the kidney and lung were
found to be significantly higher on the 1st day of the
postburn period than in the control group, they started to
decrease and returned to normal levels on the following
days. No significant change of tissue XO activities was
observed in the CAPE group compared to the control
group during the postburn period (Fig. 3).
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Fig. 1. Effects of burn and its treatment with CAPE on
malondialdehyde levels of lung and kidney tissues. Data
represent mean + SD from three animal groups. ‘p<0.01
compared with control and burn+CAPE. “p<0.01 compared with
control. #p<0.05 compared with burn+CAPE.
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Fig. 2. Effects of burn and its treatment with CAPE on
myeloperoxidase activities of kidney and lung tissues. Data
represent mean + SD from three animal groups. "p<0.01
compared with control and burn+CAPE. #p<0.05 compared with
control and burn+CAPE.

Fig. 3. Effects of burn and its treatment with CAPE on xanthine
oxidase activities of kidney and lung tissues. Data represent
mean + SD from three animal groups. "p<0.01 compared with
control. *p<0.05 compared with burn+CAPE. “p<0.01 compared
with control and burn +CAPE.
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Fig. 4. Effects of burn and its treatment with CAPE on
superoxide dismutase activities of lung and kidney tissues. Data
represent mean + standard deviation from three animal groups.
“p<0.01 compared with control and burn+CAPE. “p<0.05
compared with control and burn+CAPE.
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Fig. 5. Effects of burn and its treatment with CAPE on catalase
activities of lung and kidney tissues. Data represent mean + SD
from three animal groups. "p<0.01 compared with control and
burn+CAPE. “"p<0.05 compared with control and burn+CAPE.
$p<0.01 compared with control. *p<0.05 compared with control.

Superoxide dismutase activity

It was observed that the kidney and lung SOD
activities in the burn group started to decrease on the first
day of the postburn period. This decrease went on up to
the 3rd day and SOD activities reached normal levels on
the 7th day. No significant change of tissue SOD
activities was observed in the CAPE group compared to
the control group during the postburn period (Fig. 4).

Catalase activity

The kidney and lung CAT activities in the burn
group started to decrease on the first day of the postburn
period. This decrease continued up to the 3rd day and
CAT activities returned to normal levels on the 7th day.
No significant change of tissue CAT activities was
observed in the CAPE group compared to the control
group during the postburn period (Fig. 5).

Discussion

The generation of ROS is a crucial step in the
pathogenesis of tissue damage. Thus, consequences of the
by ROS, lipid
peroxidation, could thereby result in an alteration of the

attack of biomolecules such as

structure of biological membranes. Research from animal
and clinical studies have shown that there is a close
relationship between a lipid peroxidative reaction and
secondary pathological changes following thermal injury
(Bertin-Maghit et al. 2000). A local burn insult produces
oxidant-induced organ changes as evidenced by increased
lipid peroxidation in remote organs (Youn et al. 1992). In
the present study, the levels of MDA, an end-product of
lipid peroxidation, are significantly increased in kidney
and lung tissues. These results are in agreement with
previous studies (Dubick et al. 2002, Sener et al. 2002).
CAPE significantly decreased MDA levels in various
tissues. This antilipoperoxidative effect of CAPE may be
explained by its direct free radical scavenger property.
Chen et al. (2001) demonstrated the selective scavenging
activity of CAPE for H,0, in human leukemic HL-60
cells. On the other hand, Frenkel et al. (1993) showed
similar effects of CAPE in bovine lenses.

Generalized tissue inflammation is present in
injured organs in the postburn period. It has been shown
that neutrophil accumulation in the kidney, lung and liver
may be involved in the pathogenesis of burn injury in
these distant organs (Hansbrough et al. 1996, Dries et al.
2001). Neutrophils are likely the source of reactive
oxygen metabolites as a result of the systemic
inflammatory reaction to a local burn insult. In this study,
the tissue-associated myeloperoxidase activity, which is
an index of neutrophil infiltration, was increased in lung
and kidney tissues at 24 h after burn injury. MPO plays
an important role in the production of oxidants by
neutrophils, which are a potential source of ROS and are
considered to be the major effector cells in remote organ
damage (Dib et al. 2002). According to our results,
treating rats with CAPE attenuated the increase in the
tissue levels of MPO and MDA caused by thermal injury.
In addition, it has been suggested that CAPE exhibits
antioxidant properties by blocking the production of ROS
in human neutropils and suppresses the oxidative burst of
human polymorphonuclear leukocytes (Frenkel et al.
1993). These effects may prevent damage to the cell
membranes partly caused by oxygen-free radicals
released from polymorphonuclear leukocytes.

Xanthine oxidase is the last enzyme in the
pathway of degradation of purine derivatives from
nucleic acids and the best documented biological source
of oxygen radicals (Parks and Granger 1986). XO plays
an important role in the pathogenesis of thermal injury by
producing ROS that causes oxidative damage. Thermally
injured rats showed increased XO activity that is the
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source of oxygen radicals involved in edema formation
(Till et al. 1989). Burton et al. (1995) conclude that XO
may contribute to acute lung injury and a number of
events associated with the development of acute lung leak
following skin burns. Previous studies have reported that
XO inhibiting therapy reduced postburn oxidative tissue
damage (Demling and Lal.onde 1990). We observed that
XO activity was suppressed by CAPE in lung and kidney
tissues in our study. This property of CAPE had been
reported by Russo et al. (2002). Such an effect of CAPE
may be an important factor in decreased oxidative
damage in this animal model.

The antioxidation defense system is known to
inhibit lipid peroxidation in mammalian tissues by
destroying some of ROS that has an important role in
initiation of the lipid peroxidation process The
antioxidant defense system operates through enzymatic
and nonenzymatic components. The system is affected by
reported that
such as glutathione, o-tocopherol and

burns. It has been nonenzymatic
antioxidants,
selenium, are decreased in the serum and tissues after

thermal injury (Cetinkale et al. 1997). Bekyarova and

References

Yankova 1998). A similar condition has also been shown
for antioxidant enzyme activities. Some authors have
reported that SOD and CAT activities in the lungs
gradually decrease after burns (LaLonde et al. 1996,
Youn et al. 1998). Saitoh et al. (2001) reported that SOD
activity increased after burn injury but the same authors
reported a different result in another study. They
demonstrated that SOD synthesis was inhibited in severe
burn injuries despite a strong mRNA expression of SOD
(Gotoh et al. 2003). The tissue enzyme activities were
only decreased in the burn group when compared to the
other two groups. This decrease may be related to the
consumption of activated enzymes against oxidative
stress. The CAPE treatment resulted in improved enzyme
activities.

In conclusion, CAPE scavenges free oxygen
radicals or decreases MPO activity in neutrophils or
directly increase the antioxidant enzyme activity and
prevent the inhibition of the activities of these enzymes.
Considering our results, CAPE would be a beneficial
agent in humans who suffer from thermal injury.

AEBI H: Catalase. In: Methods of Enzymatic Analysis. BERGMEYER HU (ed), Academic Press, New York, 1974,

pp 673-677.

BASKARAN H, YARMUSH ML, BERTHIAUME F: Dynamics of tissue neutrophil sequestration after cutaneous

burns in rats. J Surg Res 93: 88-96, 2000.

BASOGLU M, KIZILTUNC A, YILDIRGAN MI, GUMUSTEKIN K, GUMUS M, YILDIRIM A, ATAMANALP SS:
Recombinant human growth hormone modulates the hepatic acute-phase response and P-selectin in burned

rats. Burns 28: 760-764, 2002.

BEKYAROVA G, YANKOVA T: Alpha-tocopherol and reduced glutathione deficiency and decreased deformability of
erythrocytes after thermal skin injury. Acta Physiol Pharmacol Bulg 23: 55-59, 1998.

BERTIN-MAGHIT M, GOUDABLE J, DALMAS E, STEGHENS JP, BOUCHARD C, GUEUGNIAUD PY, PETIT P,
DELAFOSSE B: Time course of oxidative stress after major burns. Intensive Care Med 26: 800-803, 2000.

BURTON LK, VELASCO SE, PATT A, TERADA LS, REPINE JE: Xanthine oxidase contributes to lung leak in rats
subjected to skin burn. Inflammation 19: 31-38, 1995.

CETINKALE O, BELCE A, KONUKOGLU D, SENYUVA C, GUMUSTAS MK, TAS T: Evaluation of lipid
peroxidation and total antioxidant status in plasma of rats following thermal injury. Burns 23: 114-116, 1997.

CHEN YJ, SHIAO MS, WANG SY: The antioxidant caffeic acid phenethyl ester induces apoptosis associated with
selective scavenging of hydrogen peroxide in human leukemic HL-60 cells. Anticancer Drugs 12: 143-149,

2001.

DAMTEW B, MARINO JA, FRATIANNE RB, SPAGNUOLO PJ: Neutrophil lipoxygenase metabolism and adhesive
function following acute thermal injury. J Lab Clin Med 121: 328-336, 1993.
DEMLING RH, LALONDE C: Early postburn lipid peroxidation: effect of ibuprofen and allopurinol. Surgery 107: 85-

93, 1990.

DEMLING RH, WENGER H, LALONDE CC, HECHTMAN H, WONG C, WEST K: Endotoxin-induced prostanoid
production by the burn wound can cause distant lung disfunction. Surgery 99: 421-431, 1986.



2004 Antioxidant Effects of CAPE in Thermal Trauma 081

DIB M, ZHAO X, WANG XD, ANDERSSON R: Role of mast cells in the development of pancreatitis-induced
multiple organ dysfunction. Br J Surg 89: 172-178, 2002.

DRAPER H, HADLEY M: Malondialdehyde determination as index of lipid peroxidation. Methods Enzymol 186: 421-
431, 1990.

DRIES DJ, LORENZ K, KOVACS EJ: Differential neutrophil traffic in gut and lung after scald injury. Burn Care
Rehabil 22: 203-209, 2001.

DUBICK MA, CARDEN SC, JORDAN BS, LANGLINAIS PC, MOZINGO DW: Indices of antioxidant status in rats
subjected to wood smoke inhalation and/or thermal injury. Toxicology 176: 145-157, 2002.

FRENKEL K, WEI H, BHIMANI R, YE J, ZADUNAISKY JA, HUANG MT, FERRARO T, CONNEY AH,
GRUNBERGER D: Inhibition of tumor promoter-mediated processes in mouse skin and bovine lens by caffeic
acid phenethyl ester. Cancer Res 53: 1255-1261, 1993.

FRIEDL HP, TILL GO, TRENTZ O, WARD PA: Roles of histamine, complement and xanthine oxidase in thermal
injury of skin. Am J Pathol 135: 203-217, 1989.

GOTOH Y, SAITOH D, OKAWARA T, OH-ISHI S, KIZAKI T, OHNO H, TAKASU A, SAKAMOTO T, OKADA
Y: Dissociation between gene expression and protein contents of tissue superoxide dismutase in a rat model of
lethal burns. Burns 29: 115-122, 2003.

HANSBROUGH JF, WIKSTROM T, BRAIDE M, TENENHAUS M, RENNEKAMPFF OH, KIESSIG V,
BJURSTEN LM: Neutrophil activation and tissue neutrophil sequestration in a rat model of thermal injury.
J Surg Res 61: 17-22, 1996.

HEPSEN IF, BAYRAMLAR H, GULTEK A, OZEN S, TILGEN F, EVEREKLIOGLU C: Caffeic acid phenethyl ester
to inhibit posterior capsule opacification in rabbits. J Cataract Refract Surg 23: 1572-1576, 1997.

HEPSEN IF, ER H, CEKIC O. Topically applied water extract of propolis to suppress corneal neovascularization in
rabbits. Ophtalmic Res 31: 426-431, 1999.

ILHAN A, KOLTUKSUZ U, OZEN S, UZ E, CIRALIK H, AKYOL O: The effects of caffeic acid phenethyl ester
(CAPE) on spinal cord ischemia/reperfusion injury in rabbits. Eur J Cardio-Thorac Surg 16: 458-463, 1999.

KATARANOVSKI M, MAGIC Z, PEJNOVIC N: Early inflammatory cytokine and acute phase protein response under
the stress of thermal injury in rats. Physiol Res 48: 473-482, 1999.

LALONDE C, KONX J, YOUN YK, DEMLING R: Relationship between hepatic blood flow and tissue lipid
peroxidation in the early postburn period. Crit Care Med 20: 789-796, 1992.

LALONDE C, NAYAK U, HENNIGAN J, DEMLING R: Antioxidants prevent the cellular deficit produced in
response to burn injury. J Burn Care Rehabil 17: 379-383, 1996.

LOWRY O, ROSENBRAUGH N, FARR L, RONDALL R: Protein measurement with the Folin-phenol reagent. J Biol
Chem 183: 265-275, 1951.

ORHAN H, MAROL S, HEPSEN IF, SAHIN G: Effects of some probable antioxidants on selenite-induced cataract
formation and oxidative stress-related parameters in rats. Toxicology 139: 219-232, 1999.

PARKS DA, GRANGER DN: Xanthine oxidase: biochemistry, distribution and physiology. Acta Physiol Scand 548:
87-99, 1986.

PRAJDA N, WEBER G: Malign transformation-linked imbalance: decreased XO activity in hepatomas. FEBS Lett 59:
245-249, 1975.

RUSSO A, LONGO R, VANELLA A: Antioxidant activity of propolis: role of caffeic acid phenethyl ester and
galangin. Fitoterapia 73 (Suppl 1): S21-S29, 2002.

SAITOH D, SHIRANI KZ, CIOFFI WG, KIZAKI T, OHNO H, OKADA Y, MASON AD Jr, PRUITT BA Jr: Changes
in the tissue and plasma superoxide dismutase (SOD) levels in a burned rat model. Tohoku J Exp Med 193: 27-
36, 2001.

SENER G, SEHIRLI AO, SATIROGLU H, KEYER-UYSAL M, YEGEN BC: Melatonin prevents oxidative kidney
damage in a rat model of thermal injury. Life Sci 70: 2977-2985, 2002.

SUN Y, OBERLEY LW, LI Y: A simple method for clinical assay of superoxide dismutase. Clin Chem 34: 497-500,
1988.



682 Gureletal. Vol. 53

TILL GO, GUILDS LS, MAHROUGUI M, FRIEDL HP, TRENTZ O, WARD PA: Role of xanthine oxidase in thermal
injury skin. Am J Pathol 135: 195-202, 1989.

UZ E, SOGUT S, SAHIN S, VAR A, OZYURT H, GULEC M, AKYOL O: The protective role of caffeic acid
phenethyl ester (CAPE) on testicular tissue after testicular torsion and detorsion. World J Urol 20: 264-270,
2002.

WEI H, FRENKEL K: Relationship of oxidative events and DNA oxidation in SENCAR mice to in vivo promoting
activity of phorbol ester-type tumor promoters. Carcinogenesis 14: 1195-1201, 1993.

YAMASHITA Y, JESCKE MG, WOLF SE: Differential expression of hepatocyte growth factor in liver, kidney, lung
and spleen following burn in rats. Cytokine 12: 1293-1298, 2000.

YOUN YK, LALONDE C, DEMLING R: Oxidants and the pathophysiology of burn and smoke inhalation injury. Free
Radic Biol Med 12: 409-415, 1992.

YOUN YK, SUH GJ, JUNG SE, OH SK, DEMLING R: Recombinant human growth hormone decreases lung and liver
tissue lipid peroxidation and increases antioxidant activity after thermal injury in rats. J Burn Care Rehabil 19:
542-548, 1998.

Reprint requests
Dr. Ahmet Gurel, Zonguldak Karaelmas University Faculty of Medicine, Department of Biochemistry and Clinical
Biochemistry, 67600 Zonguldak, Turkey. Fax: +90 372 2610155, E-mail: dragurel@yahoo.com



