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elatonin Ameliorates Tacrolimus (FK-506)’s Induced
mmunosupressive Effect in Rat Liver

.B. Karabulut and C. Ara

ABSTRACT

Tacrolimus (FK-506) is a powerful immunosuppressive agent that modulates neutrophil
infiltration during inflammation. In this study, we sought to investigate the effects of
melatonin on malondialdehyde (MDA), nitric oxide (NO), interleukin (IL)-6, and tumor
necrosis factor-alpha (TNF-alpha) to oppose the negative effects of the immunosupressant
FK-506. Group A was sham; group B, tacrolimus (1 mg/kg/d subcutaneously); and Group C
received tacrolimus (1 mg/kg/d plus melatonin). All tissues underwent histopathologic
examination. The MDA level in group B increased 53% compared with the sham group (P �
.001); in group C, the MDA level decreased 16% compared with group B (P � .05). While
TNF-alpha in group B increased 68.8% compared with the sham group (P � .001) and in
group C it decreased 63.5% compared with the sham group. The IL-6 level in group B
increased 81%; in group C, it decreased 13% compared with group B. NO levels in group
B increased 48% compared with the sham group and increased by 15% in group B
compared with group C. Thus melatonin may serve as a protective agent against the side

effects of tacrolimus.
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ACROLIMUS (FK-506), an immunosuppressive mac-
rolide lactone, is produced by Streptomyces tsukubaen-

is.1,2 In addition to being a powerful immunosuppressive
gent, FK-506 modulates neutrophil infiltration during in-
ammation.3,4

Melatonin secreted by the pineal gland has many func-
ions to regulate physiological mechanisms, such as endo-
rine rhythm, antigonadotropic effects, nervous system pro-
ection, immune system stimulation, protection of DNA
gainst chemical agents, antiaging effects, antioxidant
ffects, and neutralization of free radicals. The antioxi-
ant effects of melatonin arise from its ability to stimu-

ate enzymes rather than to directly banish reactive free
adicals.5–9

One of the most important mechanisms in cell damage
elated to free radicals is lipid peroxidation of membranes,
esulting in structural and functional damage. Malondial-
ehyde (MDA) measurements have been used to indicate

ipid peroxidation.10

Nitric oxide (NO) is an important immunoregulator of
ellular immunity and organ transplantation rejection. NO
lays roles to regulate vascular tonus as well as inhibit
hrombocyte adhesion and aggregation. It also functions
s a radical, a vasodilatator, and a neurotransmitter. It

s synthesized in large quantities by activated macro- C
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hages.11–14 The NO increase in acute also graft rejec-
ions14–16 produces intensive infiltration of lymphocytes
nd mononuclear cells to grafts. The endothelium in small
essels of the graft is damaged, thromboses are formed,
lood circulation ceases, and the graft becomes necrotic.
hile NO concentrations are about 100 to 500 nmol/L, as
result of triggering of INOS by agents such as gamma-

nterferon, endoxin interleukin (IL)-1 and tumor necrosis
actor (TNF)-alpha, their levels increase as much as 10
imes.17

Cytokines, small polypeptides that mediate intercellular
ommunication, include nearly 30 members such as IL-6
nd TNF-alpha, whose molecular weights range from 8 to
68 kDdal.18,19 Neuronal expression of TNF-alpha secreted
y neurons and glial cells in the central nervous system
ccelerates the infiltration of inflammatory cells, conse-
uently further increasing tissue damage.20 IL-6 is mito-
enic for astrocytes and with TNF-alpha, it manifests
roliferative effects.21 By affecting hepatocytes, it increases
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1876 KARABULUT AND ARA
he synthesis of C-reactive protein and fibrinogen and
egulates acute phase reactions.18 In this study, we sought
o investigate the effects of melatonin on MDA, NO, IL-6
nd TNF-alpha to mitigate the negative effects of the
mmunosuppressant FK-506.

ATERIALS AND METHODS

hirty male Swiss albino rats (200–250 g) were obtained from Firat
niversity Animal Laboratory (Elazig, Turkey). All experiments
ere performed in accordance with the guidelines for Animal
esearch from the National Institutes of Health and approved by
ur Committee on Animal Research. The animals were housed in
tainless-steel cages under controlled temperature and humidity
onditions in a quiet room with 12/12-hour light/dark cycles. Rats
ere maintained on a standard laboratory diet with tap water ad

ibitum throughout the experiment, except for an overnight fast
efore surgery. All surgical procedures were performed under
terile conditions. Thirty rats (200–250 g) were divided into three
roups (n � 10): group A, sham-treated; group B tacrolimus
1 mg/kg/d subcutaneously); and group C, tacrolimus plus (mela-
onin). All animals underwent histopathologic examination.

We studied IL-6, TNF-alpha, NO, MDA levels tissue in homog-
nates prepared using an IKA Ultra-Turnax apparatus two cycles
f 45 seconds at 0°C) in 0.5 molar Tris/1.5 molar NaCl/50 mmol
aCl2/2 mmol sodium azide buffer (pH 7). The homogenates were

entrifuged at 10,000g for 15 minutes at 4°C; the supernates were
xamined in enzyme-linked immunosorbent assays (ELISA). Rat
L-6 and rat TNF-alpha (BioSource Immunoassay kit, Camarillo,
alif, USA) levels were measured using a sandwich ELISA proto-

ol supplied by the manufacturer of the antibodies. The resultant
ptical density was determined using a microplate reader at 450
m. The results were expressed as pg/g tissue. For MDA and NO

evels, liver tissue was homogenized in 1.15% KCl buffer (1:9, w/v)
sing a manual glass homogenizer (Tempest Virtishear, Model
78069; The Virtis Company, Gardiner, NY, USA) for approxi-
ately 5 minutes.
NO is rapidly oxygenated to NO2 and further to NO3. Thus

irect assessment of NO is almost impossible (in vivo). So the
ombined production of NO2 and NO3 was used as an estimate of
O synthesis in vitro and in vivo. Nitrate was assayed by a
odification of the cadmium-reduction method.10 The produced

itrite was determined by diazotization of sulfanilamide with
oupling to naphthylethylene diamine (NNDA). After samples
ere deproteiniazed with the Somogil reagent, the nitrate was

educed by Cu-coated Cd in glycine buffer (pH 9.7). The reduction
ollowed pseudo-first-order reaction kinetics over a 90-minute
nterval. After mixing, absorbances were read against a blank at 545
m at 20 to 60 minutes. The results are expressed as �mol/mg
issue.

Tissue MDA was determined by the method of Uchiyama and
ihara.11 A 3-mL aliquot of 1% phosphoric acid and 1 mL of 0.6%

Table 1. MDA, TNF-alpha, IL-6, NO

Groups� MDA TN

roup A 47.94 � 1.59
b,c

4.853 �

roup B 89.90 � 8.80
a

7.421 �

roup C 74.30 � 3.64
a

4.723 �

Group A: sham; group B: FK-506; group C: melatonin � FK-506. MDA, mal

xide; SD, standard deviation; ANOVA, analysis of variance.
ANOVA was applied. In each column, acompared to group A: P � .05; bcompared
hiobarbituric acid solution were added to 0.5 mL of 10% tissue
omogenate pipetted into a tube. The mixture was heated in
oiling water for 45 minutes. After cooling, the color was extracted

nto 4 mL of n-butanol. The absorbance was measured in a
pectrophotometer (Ultraspec Plus, Pharmacia LKB Biochrom,
K) at 532 nm. The amounts of lipid peroxides were calculated as

hiobarbituric acid-reactive substances of lipid peroxidation, which
re shown as nmol/mg tissue.

tatistical Analysis

he statistical package for social sciences (SPSS) version 13.00 was
sed for the statistical analysis. Individual group parameters were
ssessed using the Mann-Whitney U test. The results are shown in
he text as mean values � standard deviations for all comparisons
ith significance defined as P � .05.

ESULTS

DA levels in group B increased 53% compared with the
ham group (P � .001). In group C, MDA levels decreased
y 16% compared with group B (P � .05). While TNF-
lpha in group B increased 68.8% compared with the sham
roup (P � .001), it decreased in group C has 63.5%
ompared with the sham group. IL-6 levels in group B
ncreased by 81%, and in group C, decreased by 13%
ompared with group B. While NO levels in group B
ncreased 48% compared with the to sham group, they
ncrease a 15% in group B compared with group C. The
esults are shown in Table 1.

ISCUSSION

K-506 has been reported to produce damage to the liver,
ntestine, kidney, and myocardium.22–25 FK-506 modulates
eutrophil infiltration and inhibits the production of TNF,
hich increases neutrophil aggregation and cellular adher-
nce.26

Melatonin can regulate electron transfer, detoxify reac-
ive intermediate products, and control peroxidative reac-
ions. Recent investigations have reported that melatonin is

powerful endogenous antioxidant.27,28 It is not easily
xidized, does not undergo auto-oxidation, and does not
articipate in the redox cycle or in reactions producing
ydroxyl radical. Besides melatonin, none of the metabo-

ites of melatonin have pro-oxidative activity. It has been
eported that the hydroxyl radical-neutralizing property of
elatonin is 5 times greater than that of glutathione, 15

imes greater than mannitol and 2 times greater than
itamin E.

els as Mean � SD in All Groups

IL-6 NO

5
b

1.6 � 0.03
b,c

74.57 � 1.80
c

6
a

2.9 � 0.10
a

110.29 � 2.85
a

7
b

2.5 � 0.03
b

93.57 � 3.48
b

ehyde; TNF-alpha, tumor necrosis factor-alpha; IL-6, interleukin-6; NO, nitric
Lev

F-�

0.44
0.16
0.14

ondiald
to group B: P � .05; ccompared to group C: P � .05.
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Active macrophages and monocytes are primary sources
f TNF under pathological conditions. Proinflammatory
gents found in plasma, such as complement factors, cyto-
ines (IL-6, IL-8, TNF), platelet-activating factor, and
eukotrienes, also cause endothelial damage. As a T-cell
locker, FK-506 exhibits immunosuppressive effects to in-
ibits cytokine secretion by T cells, thereby modulating
eutrophil infiltration.29–32

As a result, intraperitoneal administration of melatonin
ight protect the livers of FK-506- treated rats by reducing

he severity of oxidative stress and increasing the levels of
ntioxidant enzymes. We believe that melatonin might be
sed to protect but further clinical and experimental studies
re needed to verify its antioxidative and hepatoprotective
ffects.
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5. Şener G, Şehirli AÖ, Şatiroğlu H, et al: Melatonin prevents

xidative kidney damage in a rat model of thermal injury. Lief Sci
977, 2002
6. Forsling ML, Stoughton RP, Zhou Y, et al: The role of the

ineal in the control of the daily patterns of neurohypophysial
ormone secretion. J Pineal Res 14:45, 1993
7. Guerrero JM, Reiter RJ: A brief survey of pineal gland-

mmune system interrelationships. Endocr Res 18:91, 1992
8. Kılıc E, Ozdemir YG, Bolay H, et al: Physiological melatonin

elease as well as exogenously given melatonin protect brani
gainst focal ischaemia. J Cereb Blood Flow Metab 19:511, 1999

9. Kus I, Sarsilmaz M, Ogeturk M, et al: Ultrastructural inter-
elationship between the pineal gland and the testis in the male rat.
rch Androl 45:119, 2000
10. Grisotto PC, dos Sandos AC, Continho-Netto J, et al:

ndicators of oxidative injury and alterations of the cell membrane
n the skeletal muscle of rats submitted to ischemia and reperfu-
ion. J Surg Res 92:1, 2000

11. Casanova D, Martino E, Perojo I, et al: Is the high level of
itric oxide metabolites a marker in early rejection after experi-
ental islet pancreas transplantation? Transplant Proc 30:639,

998
12. Dedeoglu IO, Feld LG: Decreased urinary excretion of nitric

xide in acute rejection episodes in pediatric renal allograft
ecipients. Transplantation 62:1936, 1996

13. Grisham MB, Johnson GG, Gautreaux MD, et al: Measure-
ent of nitraet and nitrite in extracellular fluids: a window to
ystemic nitric oxide metabolism. Methods 7:84, 1995 o
14. Gümüstas MK, Görgün FM, Kitimur E, et al: Streptozotosin
le kronik diabetik yapilan siçanlarin beyin dokusu nitrik oksit

etabolizmasinin incelenmesi, Serbest Radikaller ve Antioksidan-
ar Arastirma Dernegi 1. Ulusal Kongresi 30 Ekim-2 Kasım Side-
ntalya; 1997
15. Kilboum RG, Jubran A, Gross SS, et al: Reversal of

ndotoxin-mediated shock by N-methyl-L-arginine an inhibitor of
itric oxide synthesis. Biochem Biophys Res Commun 172:1132,
990
16. Gaurner G, Soriano G, Tomas A, et al: Increased serum

itrite and nitrate levels in patients with cirrhosis: relationship to
ndotoxemia. Hepatology 13:1139, 1993

17. Eiserich JP, Patel RP, OÕDonnell VB: Pathophysiology of
itric oxide and related species: free radical reactions and modifi-
ation of biomolecules. Mol Aspects Med 19:221, 1998
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