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Abstract

AIM: To investigate the effects and mechanisms of melatonin
on immunological liver injury in mice.

METHODS: A model of liver injury was induced by tail vein
injection of Bacillus Calmette Guerin (BCG) and lipopolysaccharide
(LPS) in mice. Kupffer cells and hepatocytes were isolated
and cultured according to a modified two-step collagenase
perfusion technique. Levels of alanine aminotransferase
(ALT), aspartate aminotransferase (AST) and nitric oxide
(NO), content of malondiadehyde (MDA), activity of superoxide
dismutase (SOD), were measured by biochemical methods.
Tumor necrosis factor-α (TNF-α) activity was determined
by RIA. Interleukin (IL)-1 activity was measured by thymocyte
proliferation bioassay. Hepatic tissue sections were stained
with hematoxylin and eosin and examined under a light
microscope.

RESULTS: Immunological liver injury induced by BCG+LPS
was successfully duplicated. Serum transaminase (ALT,
AST) activities were significantly decreased by melatonin
(0.25, 1.0, 4.0 mg/kg bm). Meanwhile, MDA content was
decreased and SOD in liver homogenates was upregulated.
Furthermore, pro-inflammatory mediators (TNF-α, IL-1, NO)
in serum and liver homogenates were significantly reduced
by melatonin. Histological examination demonstrated that
melatonin could attenuate the area and extent of necrosis,
reduce the immigration of inflammatory cells. In in vitro

experiment, TNF-α was inhibited at the concentrations of
10-8-10-6 mol/L of melatonin, while IL-1 production of Kupffer
cells induced by LPS (5 µg/mL) was decreased only at the
concentration of 10-6 mol/L of melatonin, but no effect on
NO production was observed. Immunological liver injury
model in vitro was established by incubating hepatocytes
with BCG- and LPS-induced Kupffer cells. Activities of ALT,
TNF-α, IL-1, and MDA in supernatant were significantly
increased. Melatonin had little effect on the level of ALT,
but reduced the content of TNF-α and MDA at concentrations
of 10- 7-10- 5 mol/L and decreased the content of IL-1 at
concentrations of 10- 6-10- 5 mol/L.

CONCLUSION: Melatonin could significantly protect liver
injury in mice, which was related to free radical scavenging,
increased SOD activity and pro-inflammatory mediators.
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INTRODUCTION
Viral infection, alcoholic or drug toxicity, or any other factors
that cause damage to hepatocytes elicit an inflammatory reaction
in the liver. The damaged hepatocytes, their membrane
components, metabolites of toxic agents, and infiltrating
inflammatory cells are the activators of Kupffer cells. Kupffer
cells, the resident macrophages in the sinusoids of the liver,
play significant roles in immunomodulation, phagocytosis, and
biochemical attack[1,2]. It has been reported that Kupffer cells to be
activated are considered the key evidence in the pathophysiology
of many animal models of hepatic injury[3-8]. Activated Kupffer
cells contribute to the onset of liver injury by producing and
releasing cytotoxic agents such as pro-inflammatory cytokines
including tumor necrosis factor alpha (TNF-α)[9,10], interleukin-
1 (IL-1)[9], interleukin-6 (IL-6) and active oxygen[11], nitric oxide
(NO)[8] which damage sinusoidal endothelial cells and
hepatocytes. Previous studies have shown that elimination of
Kupffer cells by gadolinium chloride[5] and TNF-α antibodies
are effective on reducing hepatic damage in vivo.
       Ferluga et al. first reported the P. acnes-primed LPS-induced
hepatic shock model in mice in 1978[12], and three years later
Ferluga also reported that LPS injection subsequent to the
priming of Bacillus Calmette-Guerin (BCG) provoked the same
hepatic injury in mice[13]. Since then, many investigators have
tried to explain the mechanism of the above two similar models[14,15].
It is known that P. acnes or BCG priming and LPS challenge in
mice cause massive liver injury, which consists of priming and
eliciting phases. P. acnes or BCG priming induces mononuclear
cell infiltration into the liver lobules and granuloma formation[16].
The subsequent LPS injection elicits acute and massive hepatic
injury, with a concomitant release of various cytokines and
active free radicals[17-21]. Thus, in immunological liver injury
model induced by BCG and LPS, hepatocyte damage is presumably
caused by immunological mechanisms. Pro-inflammatory
cytokines and active free radicals produced by activated Kupffer
cells play an important role in the progress of the resulted liver
injury. This experimental immunological liver injury has
frequently been used as a model for testing and developing
new drugs[12,13,22-24].
       The hormone melatonin (N-acetyl-5-methoxytryptamine) is
synthesized by pineal gland. Melatonin participates in many
important physiological functions, including anti-inflammation[25]

and immunoregulation[26,27], as well as acting as a broad spectrum
antioxidant[28-30]. In addition, melatonin protects against liver injury
induced by endotoxin shock[31,32] and ischemia/reperfusion[33,34]

in rats through its antioxidant action. The purpose of this study
was to investigate whether exogenous melatonin would protect
against BCG- and LPS-induced immunological liver injury in
mice via antioxidative and immunoregulatory mechanisms.
Meanwhile, the direct effect of melatonin on isolated Kupffer cells
or co-cultured Kupffer cells and hepatocytes in vitro was studied.



MATERIALS AND METHODS
Materials
Melatonin, purchased from Sigma Chemical Co. (St Louis, Mo,
USA), was dissolved in 9 g/L saline with absolute ethanol
(</=0.1 mL/L) and stored at -20 °C. 3-[4,5-dimethylthiazol-2-yl]-
2,5-diphenyltetra-zolium bromide (MTT), RPMI 1640, Hepes
buffer, collagenase IV, Pronase E, DNase, Nycodenz and LPS
from Escherichia coli were obtained from Sigma Chemical Co
(St Louis, Mo, USA). Commercial kits used for determining
lipid peroxidation and superoxide dismutase (SOD) activity were
obtained from the Jiancheng Institute of Biotechnology (Nanjing,
China). Other chemicals used in these experiments were of
analytical grade from commercial sources.

Animals
Male Sprague-Dawley (SD) rats (300±20 g), C57BL/6J mice
(18±2 g) and male Kunming mice (20±2 g), obtained from the
Animal Department of Anhui Medical University, were maintained
on a 12 h light/ dark cycle from 6AM to 6PM in a controlled
environment (20±1 °C). Animals were housed in plastic cages
with free access to food and water. All experimental protocols
described in this study were approved by the Ethics Review
Committee for Animal Experimentation of Institute of Clinical
Pharmacology, Anhui Medical University.

Establishment of immunological liver injury model[8,13]

A 2.5 mg dose of BCG (viable bacilli) suspended in 0.2 mL
saline was injected via the tail vein into each animal, and 10 d
later, 7.5 µg LPS dissolved in 0.2 mL saline was injected. Mice
were anesthetized with ether, then sacrificed by cervical dislocation
16 h after LPS injection and trunk blood was collected into
heparinized tubes (50 U/mL) and centrifuged (1 500 r/min, 10
min, 4 °C). Serum was aspirated and stored at -70 °C until
assayed as described below. The liver was also removed and
stored at -70 °C until required.

Drug treatment
In vivo experiment, the animals were equally divided into 5
groups randomly, including normal, model control and melatonin
groups (3 different doses). Mice in melatonin groups were received
daily doses of 0.25, 1.0 or 4.0 mg/kg bm of melatonin using an
18-gauge stainless steel animal feeding needle for 10 d prior to
LPS injection. Mice in normal and model control group were
only fed the same volume of vehicle.
       In in vitro experiment, after Kupffer cells were isolated from
normal rat, the cells were divided into 7 groups randomly, including
control cells, cells added with LPS (5 µg/mL) alone, cells added
with LPS (5 µg/mL) simultaneously with melatonin (5 different
concentrations including 10-9, 10-8, 10-7, 10-6, 10-5 mol/L). Every
group had triplicate wells and the experiment above was repeated
twice.
      In another in vitro experiment, after Kupffer cells were
isolated from BCG priming rat and hepatocytes isolated from
normal rat, the two types of cells were divided into 7 groups
randomly, including control cells, cells added with LPS (5 µg/mL)
alone, cells added with LPS (5 µg/mL) simultaneously with
melatonin (5 different concentrations including 10-9, 10-8, 10-7, 10-6,
10-5 mol/L). Every group had triplicate wells and the experiment
above was repeated twice.

Isolation and culture of Kupffer cells and hepatocytes
In vitro experiment, the direct effect of melatonin on Kupffer
cells was studied by isolating Kupffer cells from the livers of
normal rat. Rat liver perfusion was performed using a modification
of the two-step collagenase perfusion technique introduced
by previous studies[35,36].

      In brief, the rat liver was perfused through the portal vein
with D-Hank’s until blood free, and then with Hank’s containing
0.5 g/L collagenase IV. The latter was administered by recirculation
until the vessels were digested (up to 20 min). The liver was then
scraped using a cell scraper, filtered through a 100-µm filter, and
stirred in Hank’s containing 2.5 g/L pronase and 0.05 g/L DNase
for 20 min at 37 °C. After three times of centrifugation and
washing at 300 × g for 10 min at 4 °C in Gey’s balanced salt
solution (GBSS), cells were centrifuged in an 180 g/L Nycodenz
gradient at 2 500 × g for 20 min. Kupffer cells were carefully
sucked by cusp-straws at the pearl layer inderphase. At last,
purified Kupffer cell fractions were obtained by centrifugal
elutriation. The viability of Kupffer cells prepared was more
than 95% as determined by trypan blue exclusion. The purity
of Kupffer cells was greater than 90% based on a peroxidase
activity assay[37].
      Kupffer cells, obtained as described above, were washed
with Hanks’ and resuspended in RPMI 1640 medium containing
antibiotics (penicillin, 100 U/mL; streptomycin, 100 mg/mL),
2 mmol/L glutamine, and 100 mL/L fetal calf serum. One-milliliter
aliquots containing 1×106 cells were added to 24-well culture
plates. The cells were incubated for 60 min in a humidified
atmosphere containing 50 mL/L CO2 at 37 °C. Nonadherent cells
were removed, and adherent cells were washed twice with PBS.
The cells at a density of 1×106 /mL were incubated with different
concentrations of melatonin (10-9, 10-8, 10-7, 10-6, 10-5 mol/L). They
(1×106/well) were cultured for 48 h with 5 µg/mL LPS and the
supernatants were collected and TNF-α and NO concentration
measured with the methods described below.
      In in vitro liver injury model, BCG induced Kupffer cells
were isolated from the livers of the rats which were injected via
the tail vein with 3 mg of BCG 10 d before, at the same time
hepatocytes isolated from normal rat. The hepatocytes at a density
of 1×109 /mL were incubated with different concentrations of
melatonin (10-9, 10-8, 10-7, 10-6, 10-5 mol/L) and BCG-induced
Kupffer cells (1×106/well). They were co-cultured for 48 h with
5 µg/mL LPS and the supernatants were collected.

Measurement of serum ALT and AST
Serum ALT and AST were determined using commercial kits
produced by Jiancheng Institute of Biotechnology (Nanjing,
China). Their activities were expressed as an international
unit (U/L).

Measurement of NO in serum and cell culture supernatants
Nitric oxide (NO) in Kupffer cells was measured by a microplate
assay using Griess reagent, which produces a chromophore with
the nitrite[38]

. Briefly, 100 µL of cell culture supernatants was
removed and incubated with 100 µL of Griess reagent (10 g/L
sulfanilamide and 1 g/L N-1-naphthylethylenediamine
dihydrochloride in 25 mL/L phosphoric acid) in a 96-well plate.
The plate was incubated for 10 min at room temperature. Nitrite
production was quantified spectrophotometrically using an
automated colorimetric procedure. Absorbance at 540 nm was
measured using a microplate reader (Bio-Tek, USA). The nitrite
concentration was calculated by comparing samples with
standard solutions of sodium nitrite produced in the culture
medium. All samples were assayed in triplicate. Results were
expressed as µmol/L.

Measurement of MDA and SOD in liver homogenates
Livers were thawed, weighed and homogenized with Tris-HCl
(5 mmol/L containing 2 mmol/L EDTA, pH 7.4). Homogenates
were centrifuged (1 000 r/min, 10 min, 4 °C) and the supernatant
was used immediately for the assays of MDA and SOD. MDA
and SOD were determined following the instructions of the kit.
In brief, MDA in liver tissue was determined by the thiobarbituric
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acid method[39]. All samples were assayed in triplicate. The
content of MDA was expressed as nmol per gram liver tissue.
The assay for total SOD was based on its ability to inhibit the
oxidation of oxyamine by the xanthine-xanthine oxidase system.
The red product (nitrite) produced by the oxidation of oxyamine
has an absorbance at 550 nm. One unit (U) of SOD activity was
defined as the quantity that reduced the absorbance at 550 nm
by 50%. All samples were assayed in triplicate. Results were
expressed as U per gram liver tissue.

Measurement of TNF-ααααα in serum and cell culture supernatants
Serum was assayed according to procedures described by the
instruction of the commercial kits. The standard curve of TNF-α
measured was between 2 and 160 pg/mL.

Bioassay of IL-1 activity in serum and cell culture supernatants
IL-1 activity was measured by mouse thymocyte activation
assayed by MTT (Sigma) reduction[40]. MTT was dissolved in
sterile PBS to a concentration of 5 mg/mL and stored in the dark
at 4 °C for up to 1 wk. Immediately before use, stock MTT was
filtered (0.22 µm) to remove any formazan precipitate. Thymocytes
(2×106/well) from mice were cultured for 48 h in 96-well plates
containing RPMI 1640 medium supplemented with 5 µg/mL
concanavalin A and 0.1 mL collected supernatants in triplicate.
Three hours before the termination of culture, cells were pulsed
with MTT stock (20 µL/well), returned to 37 °C and incubated
for another 3 h. The plates were centrifuged for 10 min at 1 000 g
to cell pellets and MTT formazan products. The supernatant
was carefully aspirated without disturbing the pellets, and formazan
was solubilized by addition of isopropanol (100 µL/200 µL
supernatant). Insoluble material was then removed by
centrifugation for 10 min at 1 000 g. The solubilized formazan in
isopropanol was collected and distributed into 12-well flat-
bottom ELASA plates at a final volume of 100 µL/well. Plates
were read at 570 nm in EL 301 Strip Reader (Bio-Tek, USA)
within 1 h of addition of isopropanol. Values were expressed as
mean absorbance (A) of triplicate wells.

Histological analysis
Formalin-fixed specimens were embedded in paraffin and stained
with hematoxylin and eosin for conventional morphological
evaluation. After decapitation of rats, small liver specimens
were placed in 100 mL/L formalin solution and processed
routinely by embedding in paraffin. Tissue sections (4-5 µm)
were stained with hematoxylin and eosin and examined under
light microscope (Olympus). An experienced histologist who
was unaware of the treatment conditions made histological
assessments.

Statistical analyses
All values were presented as mean±SE. Statistical analysis of
the data for multiple comparisons was performed by one-way
analysis of variance (ANOVA) followed by Duncan’s test. For
a single comparison, the significance of differences between
means was determined by the t-test, A level of P<0.05 was
accepted as statistical significant.

RESULTS

Effect of melatonin on serum ALT and AST
Activities of both serum AST and ALT, indices of hepatic cell
damage, were significantly higher in BCG- and LPS-induced group
than in the control group. Melatonin (0.25, 1.0, 4.0 mg/kg bm)
significantly reduced the activities of serum AST and ALT (Table 1).

Effect of melatonin on liver homogenate MDA and total SOD
Liver homogenate malondialdehyde (MDA) content in BCG-

and LPS-induced group was significantly higher than that in
the control group while liver total SOD activity was lower.
Melatonin (0.25, 1.0, 4.0 mg/kg bm) significantly attenuated
MDA generation and increased liver total SOD activity (Table 2).

Table 1  Effects of melatonin on serum ALT and AST activities
in immunological liver injury in mice (n = 10, mean±SE)

Group              Dose ALT (U/L)           AST (U/L)
       (mg/kg bm)

Normal  ---   28.2±8.8 26.8±8.5

Model  ---    224±40d  205±40d

Melatonin 0.25    187±21a  129±13b

1.0    119±41b  124±36b

4.0    163±44b  162±33a

aP<0.05, bP<0.01 vs model group; dP<0.01 vs normal control
group.

Table 2  Effects of melatonin on MDA level and SOD activity
of liver homogenates of immunological injury mice (n = 10,
mean±SE)

Group         Dose           MDA       SOD
(mg/kg bm)   (nmol/g tissue) (U/g tissue)

Normal       ---          92±26      297±22

Model       ---        439±25d 202.46±26d

Melatonin      0.25        335±37b      266±71b

     1.0        332±28b      273±31b

     4.0        346±17b      244±27b

aP<0.05, bP<0.01 vs model group; dP<0.01 vs normal control
group.

Effect of melatonin on serum and liver homogenate TNF-ααααα, IL-1
and NO concentration
As shown in Table 3, when mice were first injected with BCG
and then challenged with LPS, the levels of TNF-α, IL-1 and NO
were elevated significantly. Melatonin (0.25, 1.0 and 4.0 mg/kg bm)
obviously reversed these effects. Similarly, in liver homogenates
of immunological injury mice the levels of above three indices
increased and melatonin (0.25, 1.0 and 4.0 mg/kg bm)  significantly
inhibited  the production of TNF-α and NO while melatonin
(4 mg/kg bm) inhibited IL-1(Table 4).

Table 3  Effects of melatonin on serum TNF-α, IL-1 and NO
levels in immunological liver injury mice (n = 10, mean±SE)

Group            Dose          TNF-α            IL-1          NO
       (mg/kg bm)      (ng/L)          (A570 nm)      (µmol/L)

Normal ---     1.61±0.76     0.107±0.001     9.82±1.92

Model ---     4.80±1.61d     0.242±0.03d        73±19d

Melatonin       0.25     3.42±1.08a     0.183±0.07a        55±18a

           1.0     3.26±0.73a     0.131±0.04b        28±14b

           4.0     2.64±1.19b     0.158±0.04b        56±19a

aP<0.05, bP<0.01 vs model group; dP<0.01 vs normal control
group.

Effect of melatonin on NO, TNF-α α α α α and IL-1 production of isolated
Kupffer cells
In vitro, melatonin at the concentrations of 10-8-10-6 mol/L was
able to inhibit directly the production of TNF-α while only at
the concentrations of 10-6 mol/L decreased IL-1 production of
Kupffer cells co-cultured with LPS (5 µg/mL). However, melatonin
had no effect on NO production (Table 5).
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Table 4  Effects of melatonin on TNF-α, IL-1 and NO levels of
liver homogenates in immunological injury mice (n = 10,
mean±SE)

Group Dose         TNF-α          IL-1          NO
     (mg/kg bm)        (ng/L)         (A570 nm)      (µmol/L)

Normal ---         3.1±8.3      0.15±0.03        9.5±2.7
Model ---       26.6±2.3d      0.41±0.03d      45.0±9.8d

Melatonin        0.25       13.9±2.9b      0.38±0.13      25.6±9.5b

            1.0       12.4±2.9b      0.22±0.05b         17±11b

            4.0       17.9±4.8b      0.35±0.04b         24±10b

aP<0.05, bP<0.01vs model group; dP<0.01 vs normal control group.

Table 5  Effect of melatonin on TNF-α, IL-1 and NO released
from cultured normal  Kupffer cells of rats (n = 10, mean±SE)

Group     Concentration of     TNF-α          IL-1       NO
  melatonin (mol/L)   (ng/L)        (A570 nm)   (µmol/L)

KC    ---       4.25±0.79      0.137±0.03     13.65±0.21

KC+LPS     11.21±1.63d     0.233±0.03d    18.85±0.88d

KC+LPS   10-9       9.96±0.24      0.238±0.02     19.08±0.40

+melatonin

  10-8       9.31±0.53a     0.223±0.02     19.13±0.46

  10-7       8.35±0.82b     0.201±0.01     18.90±0.77

  10-6       8.01±0.38b     0.177±0.01b    18.65±0.61

  10-5       9.74±0.39      0.216±0.02     18.70±0.57

KC: Kupffer cells; aP<0.05, bP<0.01 vs model group; dP<0.01 vs
normal control group.

Effect of melatonin on liver injury in mice in vitro
Immunological liver injury model in vitro was established by
hepatocytes incubated with BCG- and LPS-induced Kuppfer
cells. Activities of ALT, TNF-α, IL-1 and MDA in supernatant

were significantly increased. Melatonin had little effect on the
level of ALT, but at concentrations of 10- 7-10- 5 mol/L it reduced
the content of TNF-α and MDA while at concentrations of 10- 6-
10- 5 mol/L it decreased the content of IL-1 (Table 6).

Histological results
In normal group, there was no pathological abnormality. Liver
parenchyma was in good morphology and hepatocytes were
arranged around the central vein. No congestion and inflammation
were observed in the sinusoids (Figure 1A).
      In model group, there was a severe pathological abnormality.
Hepatocytes were with marked vacuolization, moreover,
hepatocytes dot necrosis, striped necrosis, bridging necrosis
appeared and inflammatory cells arranged around the necrotic
tissue. Congestion in liver sinusoids was significant with scattered
infiltration of inflammatory cells (Figure 1B).
      In melatonin-treated group, the area and extent of necrosis
attenuated and the immigration of inflammatory cells reduced.
Liver parenchyma was well preserved with radially arranged
hepatocytes around the central vein. Regular sinusoidal structures
were seen without congestion (Figure 1C).

DISCUSSION
Injection of BCG followed by LPS is useful for the creation of
experimental models of acute hepatic damage[13,16,22,41]. In the
present study, immunological liver injury in mice was successfully
induced by BCG and LPS and the model in vitro also duplicated.
On this basis, administration of melatonin in vivo resulted in
marked reduction of acute liver injury, as demonstrated by
significant reduction of serum transaminase concentration and
amelioration of severe hepatic pathological abnormalities.
Meanwhile, melatonin decreased MDA content and increased
total SOD activity in liver homogenates. Furthermore, melatonin
significantly reduced TNF-α, IL-1 and NO production in serum
and liver homogenates. The in vitro experiment also supported

Table 6  Effects of melatonin on MDA, TNF-α and IL-1 released from co-cultured normal rat hepatocytes and Kupffer cells
activated by BCG (n = 5, mean±SE)

Group           Concentration    ALT       MDA    TNF-α     IL-1
    of melatonin (mol/L)   (U/L)   (nmol/L)    (ng/L)   (A570 nm)

KC+HC     --- 37.1±3.7 0.506±0.029   4.50±0.78 0.16±0.03
KC+HC+LPS 81.4±6.4 d 0.849±0.062d 11.36±1.6d 0.25±0.03d

KC+HC+LPS+Melatonin    10- 9 82.4±4.3 0.809±0.015 10.13±0.23 0.26±0.02
   10- 8 79.6±5.4 0.789±0.036   9.49±0.52 0.24±0.02
   10-7 74.9±4.2 0.706±0.014b   8.54±0.81b 0.22±0.01
   10-6 72.9±6.6 0.676±0.043b   8.21±0.37b 0.19±0.01a

   10-5 83.8±3.3   0.69±0.04b   8.39±1.22b 0.20±0.01b

KC: Kupffer cell; aP<0.05, bP<0.01 vs model group; dP<0.01 vs normal control group.

Figure 1  Histological results of tissues stained with hematoxylin and eosin under light microscope. A: Normal control group;
B: Model group; C: Melatonin-treated group.
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the direct protective role of melatonin in suppression of Kupffer
cell function. Although melatonin had no direct protection on
hepatocytes injury in vitro induced by BCG and LPS, it could
inhibit the production of MDA and pro-inflammatory cytokines
such as TNF-α and IL-1. Based on the current results, we
propose that the mode of melatonin’s hepatic protective action is,
at least in part, related to its antioxidative and immunoregulatory
properties.
      As it is well known, melatonin, the chief secretory product
of the pineal gland, was found to be a multi-faceted free radical
scavenger and antioxidant. It detoxifies a variety of free radicals
and reactive oxygen intermediates, including the hydroxyl
radical, singlet oxygen, peroxynitrite anion and nitric oxide[29,30].
In both in vitro and in vivo experiments, melatonin has been
found to protect cells, tissues, and organs against oxidative
damage induced by a variety of free-radical-generating agents
and processes, e.g., the carcinogen safrole, LPS, carbon
tetrachloride, ischemia-reperfusion, amyloid-protein, and ionizing
radiation[42,43]. Melatonin also has been reported to stimulate
the activities of enzymes and increase gene expression that
improves the total antioxidative defense capacity of the
organism, i.e., SOD, glutathione peroxidase, glutathione
reductase[44,45]. Moreover, recent studies indicate that melatonin
is effective on inhibiting oxidative liver damage. Calvo et al.
found that melatonin protected against ANIT-induced liver injury
with cholestasis in rats, and suggested that this protective
effect was likely due to its antioxidative properties and above
all to its capacity to inhibit liver neutrophil infiltration, a critical
factor in the pathogenesis of ANIT-induced liver injury[46].
Melatonin also could dose-dependently reduce liver lipid
peroxide content in CCl4 treated rats. This indicated that
melatonin exerted a therapeutic effect on CCl4-induced acute
liver injury in rats, possibly through its antioxidant action.
Melatonin plays a cytoprotective role in the liver insulted by
ischemia and reperfusion by virtue of its ability to prevent
hepatic malfunction and inhibit the generation of free radicals
and accumulation of neutrophils in the damaged hepatic tissue[35].
In the present study, the effects of melatonin on immunological
liver injury model were firstly investigated. The results showed
that melatonin decreased MDA content in liver homogenates,
meanwhile, SOD activity rose significantly. Those results are
in accordance with the findings of melatonin’s antioxidant
properties.
       A growing body of evidence suggests that nitric oxide (NO)
may also modulate different experimental liver injuries. The role,
that NO plays in the process of liver injury has been the subject
of active debate. In vitro and in vivo data suggest that NO may
act to protect tissue by virtue of its ability to react with and
decompose superoxide radical[47-49]. It has also been suggested
that NO may act to modulate the activity of certain transcription
factors such as NF-κB[50]. Although some studies demonstrate
that NO may act to limit or down-regulate liver injury, there are
other reports suggesting that NO may actually promote
hepatocellular damage possibly due to the formation of strongly
oxidizing species peroxynitrite[51]. Much of the controversy
may be related to the use of non-specific inhibitors of different
NOS isoforms and the concentration of NO[52]. Melatonin is
reported to inhibit peroxynitrite induced oxidative reactions.
Additionally, melatonin under or near physiological concentration
inhibits the prooxidative enzyme nitric oxide synthase (NOS)
activity[14,49] and thereby influences NO production. It was also
reported that melatonin had protective effect in an endotoxic
and non-septic shock partly related to prevention of NO
overproduction. The present study showed that melatonin
significantly inhibited serum NO and did not directly inhibit
Kupffer cells and generate NO in vitro. The results demonstrated
that melatonin might modulate the generation of NO at a whole
body level but had no direct effect on Kupffer cells. It seems

likely that melatonin regulated NO production to a certain extent,
but more studies should be carried out to clarify it.
      As it is well known, TNF-α is a multifunctional cytokine
mostly secreted by inflammatory cells and is involved in numerous
pathological states. TNF-α is considered to be a common early
effector molecule for liver injury, in addition to its direct cytotoxic
effects, this cytokine is able to induce chemokines, macrophage
chemotactic protein-1 and adhesive molecules, vascular-cell
adhesion molecule-1, which are key to inflammation and consequent
liver damage[9-11]. Prevention of liver injury has been observed
upon neutralization of TNF-α  with anti-TNF-α antibody,
prevention of translation of primary RNA transcript of TNF-α
by antisense oligonucleotide and interaction of TNF-α with
soluble TNF-α receptors[53]. Although IL-1 itself does not exert
damage on liver, its elevation could stimulate inflammatory cells
to excrete many other cytokines including TNF-α, IL-6 and IL-8.
Our results suggest that the elevation of inflammatory cytokines
including TNF-α and IL-1 in serum, liver homogenates and
Kupffer cell culture supernatants contributes to the mechanisms
of immunological liver injury.
       It is now well recognized that melatonin plays an important
immunoregulatory role. Shin et al. found that low levels of
Bacillus anthracis were known to induce release of cytokines
such as TNF-α, and thereby exposure of melatonin (10-7-10-6 mol/L)
to anthrax lethal toxin-treated macrophages also decreased the
release of TNF-α to extracellular medium as compared to the
control[54]. Sacco found that administration of melatonin to mice
(5 mg/kg bm, s.c. 30 min before or simultaneously with LPS)
inhibited serum TNF-α levels by 50-80% and improved survival
of mice treated with a lethal dose of LPS. Melatonin did not
increase serum corticosterone and did not modify the elevation
of serum corticosterone levels by LPS or by IL-1. Furthermore,
it exerted its inhibitory effect in adrenalectomized or
hypophysectomized mice also, indicating that its effect is
independent of the hypothalamus-pituitary-adrenal axis[55]. It
was previously reported melatonin had a protective role in LPS-
induced septic shock by suppressing pro-inflammatory
cytokines, prostaglandins and NO production[31,32]. However,
other studies indicated melatonin did not alter cytokines including
TNF-α and IL-1 secretion by LPS-stimulated macrophages[56].
The inconsistencies in the literature suggested that the effect
of melatonin on macrophages was complex. In our experimental
condition, we found that in in vitro experiments melatonin at
the concentrations of 10-8-10-6 mol/L directly inhibited production
of TNF-α while only at the concentrations of 10-6 mol/L decreased
IL-1 production of Kupffer cell co-cultured with LPS (5 µg/mL).
In in vitro liver injury model ,we also found that melatonin at
the concentrations of 10- 7-10- 5 mol/L reduced the content of
TNF-α while at concentrations of 10- 6-10- 5 mol/L decreased the
content of IL-1. Even more, in vivo experiment showed that
melatonin at the dose between 0.25 mg/kg bm and 4.0 mg/kg bm
significantly inhibited serum TNF-α  and IL-1 level. Thus
suppression of TNF-α and IL-1 could be one of the means by
which melatonin attenuated immunological liver injury in mice.
      Therefore, the protective effects of melatonin on immunological
liver injury might relate to free radical scavenging, increased
content of SOD, decreased expression of procytokines.
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