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Abstract
Aim: Melatonin-selenium nanoparticle (MT-Se), a novel complex, was synthe-
sized by preparing selenium nanoparticles in a melatonin medium.  The present
investigation was designed to determine the protective effects of MT-Se against
immunological liver injury in mice induced by bacillus Calmette-Guérin (BCG)/
lipopolysaccharide (LPS).  Methods: The model of immunological liver injury in
mice was prepared.  The levels of alanine aminotransferase, aspartate amino-
transferase, nitric oxide (NO) in serum, malondialdehyde content, superoxide
dismutase (SOD), and glutathione peroxidase (GSH-px) activities in a liver homo-
genate were assayed by spectrophotometry.  The content of tumor necrosis fac-
tor-α (TNF-α) and interleukin-1 (IL-1) were determined by ELISA.  The splenocyte
proliferation was assayed by 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetra-zolium
bromide (MTT) dye reduction.  Meanwhile, a hepatic pathological examination
was observed.  Results: In the BCG/LPS-induced hepatic injury model, MT-Se
administered at doses of 5, 10, or 20 mg/kg to the BCG/LPS-treated mice for 10 d
significantly reduced the increase in serum aminotransferase, reduced the severe
extent of hepatic cell damage and the immigration of inflammatory cells.  It also
attenuated the increase in the content of thiobarbituric acid-reactive substances
and enhanced the decrease in activities of SOD and GSH-px.  In contrast, the
treatment with MT-Se suppressed the increase in NO level in both the serum and
liver tissue.  Furthermore, MT-Se significantly lowered an increase in TNF-α and
IL-1β levels in the liver and inhibited the production of TNF-α and IL-1β by
peritoneal macrophages.  A downregulation effect of MT-Se on splenocyte prolif-
eration was also observed.  Conclusion: MT-Se showed a hepatic protective
action on immunological liver injury in mice.
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Introduction
Hepatic damage, both acute and chronic, is a common

pathology worldwide quite often characterized in its chronic
evolution by a progressive process from steatosis to hepa-
tocellular carcinoma through chronic hepatitis, fibrosis, and
cirrhosis.  The main etiology is represented by viral infec-
tions (HBV, HDV, and HCV) and alcohol abuse[1].  The injec-
tion of bacillus Calmette-Guérin (BCG) followed by li-
popolysaccharide (LPS) is useful for the creation of experi-
mental models of immunological hepatic damage[2].  It is

known that Propionibacterium acnes or BCG priming and
LPS challenge in mice causes 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.  The subsequent LPS in-
jection elicits  acute and massive hepatic injury, with a host
release of reactive oxygen species, nitric oxide (NO) and pro-
inflammatory cytokines such as tumor necrosis factor α
(TNF-α), interleukin-1β (IL-1β)[3-5].

Melatonin participates in many important physiological
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processes, including anti-inflammatory[6] and immunoregu-
latory[7] processes, as well as acting as an antioxidant[8,9].  It
not only functions as a direct antioxidant; that is, as a scav-
enger of various oxygen free radicals including hydroxyl
radical, singlet oxygen, hydrogen peroxide (H2O2) and peroxyl
radical, but it also functions as an indirect antioxidant through
the enhancement of antioxidant enzyme activities in tissues
such as the liver and the brain.  Furthermore, melatonin also
neutralizes ONOO– and inhibits the production of NO.  In
addition, our and other published reports have shown that
melatonin protects against liver injury through its antioxi-
dant action[10,11].

Selenium (Se) is an essential element for humans and can
improve the activity of the seleno-enzyme and glutathione
peroxidase (GSH-px), and can also prevent free radicals from
damaging cells and tissues in vivo.  One of its best-under-
stood functions is that it is present in the active center of
GSH-px, an antioxidant enzyme that scavenges various per-
oxides and protects membrane lipids and macromolecules
from oxidative damage[12].  The supplementation of food with
selenium is usually limited to selenium-containing com-
pounds, such as sodium selenite (Na2SeO3), ebselen, and
other organoselenium compounds.  However, several stud-
ies have been focused on the elemental selenium (Se0).  It is
currently known that gray and black elemental Se is biologi-
cally inert.  However, there is one kind of red elemental par-
ticulate selenium, observed in several bacteria, which could
provide environmental protection from pollution caused by
excessive selenium[13].  These elemental selenium particles
are formed in the bacteria to detoxify the excess selenium.  In
the work of Zhang et al[14], it was found that selenium
nanoparticles had a higher bioavailability, much less acute
toxicity and better scavenging effect compared with organic
and other inorganic selenium-containing compounds.

In the present paper, based on the antioxidant and
immunoregulatory actions of melatonin and elemental sele-
nium nanoparticles, we combined selenium nanoparticles with
melatonin in order to obtain useful materials for medication.
Melatonin-selenium nanoparticle (MT-Se), a novel complex,
was synthesized by preparing selenium nanoparticles in
melatonin medium.  In this study, the mechanisms of the
protective effects of MT-Se on immunological liver injury
induced by BCG plus LPS were investigated.

Materials and methods
Preparation of melatonin-selenium nanoparticle  MT-

Se was prepared by reducing selenious acid with ascorbic
acid in the presence of melatonin.  In a synthetic process,
the appropriate amount of selenious acid (the water solution
of SeO2) was thoroughly mixed with melatonin.  Then exces-
sive ascorbic acid was added into the selenious acid/melato-
nin mixture to initiate redox reaction[15].

After the reaction mixture was mixed for approximately 30
min, the product showing light red was obtained.  In the
reaction process, melatonin molecules could be strongly ab-
sorbed on the surface of nascent selenium seeds.  Melato-
nin not only served as a seed growth controller, but also pre-
vented selenium nanoparticles from congregating.  Trans-
mission electron microscopy (TEM) images of the product,
as shown in Figure 1, were captured on a JEOL-JEM 200CX
instrument (JEOL Company, Japan) at an accelerating volt-
age of 100 kV.  From the image, it can be seen that uniform
spherical selenium nanoparticles were produced.  The final
product prepared for medicine application was the complex
made up of 95% melatonin, 1% elemental selenium, and 4%
ascorbic acid/dehydroascorbic acid.  It was dissolved with
absolute ethanol and then stabilized and suspended briefly
in 0.5% carboxymethylcellulose (CMC) before use.

Materials  MT-Se, provided by the Department of
Chemistry, Anhui University, was dissolved with absolute

Figure 1.  Transmission electron microscopy images of melatonin-
selenium nanoparticles.
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ethanol and then stabilized and suspended briefly in 0.5%
CMC.  Melatonin, purchased from Sigma Chemical (St Louis,
MO, USA), was suspended in 0.5% CMC with absolute etha-
nol (≤0.01%, v/v) and stored at -20 ºC.  LPS from Escherichia
coli were obtained from Sigma Chemical.  Commercial kits
used for determining lipid peroxidation (TBRAS), GSH-px
and superoxide dismutase (SOD) activity were obtained from
the Jiancheng Institute of Biotechnology (Nanjing, China).
Other chemicals used in these experiments were analytical
grade from commercial sources.

Animals  Male Kunming mice (20±2 g), obtained from the
Animal Department of Anhui Medical University, were main-
tained on a 12 h light/12 h dark cycle from 6:00 AM to 18:00
PM under a regulated environment (20±1 ºC).  Animals were
housed in plastic cages with free access to food and water.
All procedures followed the guidelines for human treatment
of animals set by the Association of Laboratory Animal Sci-
ences and the Center for Laboratory Animal Sciences at Anhui
Medical University.

Establishment of acute liver injury model  BCG (viable
bacilli), 2.5 mg suspended in 0.2 mL saline, was injected
through the tail vein in mice, and 10 d later they were injected
with 7.5 µg LPS dissolved in 0.2 mL saline.  The mice were
anesthetized with ether then killed 16 h after LPS injection by
cervical dislocation.  The trunk blood was collected into hep-
arinized tubes (50 kU/L) and centrifuged (1500×g, 10 min,
4 ºC).  Serum was aspirated and stored at -70  ºC until as-
sayed as described below.  The liver was also removed and
stored at -70 ºC until required[2, 10].

Drug treatment  Seven groups of mice, 10 in each, were
arranged as follows: (1) normal untreated mice; (2) model
mice; (3) model mice treated with different drugs: (a) three
MT-Se groups (5, 10, and 20 mg/kg respectively); (b)
bifendate group (100 mg/kg).  In the treatment groups, differ-
ent drugs were administered orally by gastric intubation 10 d
prior to LPS injection.  The mice in normal and model control
groups were fed the same volume of vehicle only.

Measurement of serum alanine aminotransferase and
aspartate aminotransferase  Serum alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) were deter-
mined using commercial kits produced by Jiancheng Insti-
tute of Biotechnology (Nanjing, China).  Their activities were
expressed as an international unit (U/L).

Histological analysis  Formalin-fixed specimens were
embedded in paraffin and stained with hematoxylin and eosin
for conventional morphological evaluation.  After decapita-
tion of rats, small hepatic specimens were placed in 10% (v/v)
formalin solution and processed routinely by embedding in
paraffin.  Tissue sections (4–5 µm) were stained with hema-

toxylin and eosin and examined under light microscope
(Olympus IX70, Japan).  An experienced histologist, who
was unaware of the treatment conditions, made histological
assessments.

  Measurement of malondialdehyde, SOD, and GSH-px
in liver homogenate Lipid peroxidation production in the
liver tissue was determined by measuring thiobarbituric acid-
reactive substances (TBARS)[16].  TBARS were measured
using the thiobarbituric acid method, with 1,1,3,3-tetra-
methoxypropane as a standard.  Hepatic protein was assayed
by the method of Lowry et al using bovine serum albumin as
a standard[17].  The amount of TBARS was expressed as nmol
malondialdehyde (MDA)/mg protein.  The assay for total
SOD was based on its ability to inhibit the oxidation of
oxymine by the xanthine-xanthine oxidase system[18].  Re-
sults were expressed as U per microgram protein.  The activ-
ity of GSH-px was determined by quantifying the rate of
H2O2-induced oxidation of GSH to oxidized glutathione
(GSSH).  A yellow product with absorbance at 412 nm was
formed as GSH reacted with dithionitrobenzoic acid[19].  One
unit of GSH-px was defined as the amount that reduced the
level of GSH by 1 µmol/L in 1 min/mg protein.

  Measurement of NO in serum and liver  NO in the se-
rum and the liver was measured by a microplate assay using
Griess reagent, which produces a chromophore with the ni-
trite[20].  Briefly, 100 µL of supernatants were removed and
incubated with 100 µL of Griess reagent (1% sulfanilamide
and 0.1% N-1-naphthylethylenediamine dihydrochloride in
2.5% phosphoric acid) in a 96-well plate.  The plate was incu-
bated for 10 min at room temperature.  Nitrite production was
quantified spectrophotometrically using an automated colo-
rimetric procedure.  Absorbance at 540 nm was measured
using a microplate reader (318MC, Shanghai Sanco).  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.  Re-
sults were expressed as µmol/L.

Splenocytes proliferation assay  Mice were killed by cer-
vical dislocation.  Spleens were removed in sterile condi-
tions and splenocytes were collected.  Then the cells were
suspended in RPMI-1640 medium at a concentration of 1×107

cell/L.  The cell suspension (100 µL) and concanavalin A
(ConA) (100 µL with final concentration of 3 mg/L) or LPS
(100 µL with final concentration of 4 mg/L) were seeded to a
96-well culture plate simultaneously.  Triplicates were
designed.  The cultures were incubated at 37 ºC in an atmo-
sphere of 5% CO2 for 48 h.  Two hours before completion, 10
µL of MTT (5 g/L) was added to each well.  The absorbance
was measured on an EJ301 ELISA Microwell Reader  (Wuxi
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Keda, China) at 570 nm.  The results were described as the
average of triplicate A.

Preparation of peritoneal macrophages and induction of
TNF-α α α α α and IL-1βββββ  Mice PMΦ were collected in D-Hanks’
medium by routine method.  Then PMΦ was resuspended in
RPMI-1640 medium at 1×109 cell/L and the cell suspension
was seeded into a 24-well culture plate, 1 mL per well.  After
incubation at 37 ºC  for 2 h in 5% CO2 atmosphere, superna-
tants were removed and the adherent cells were washed 3
times with Hanks’ medium, which contained 5% neonatal
bovine serum.  Thus, the monolayer of PMΦ was obtained.
LPS, with a final concentration of 4 mg/L, was added to each
well and RPMI-1640 was also added to make a final volume
per well of up to 1 mL.  The plate was then incubated at 37 ºC
in air with 5% CO2 for 48 h.  After being centrifuged (500×g,
10 min), all the supernatants containing extracellular TNF-α
and IL-1β were collected and stored at -20 ºC until assay.

Measurement of TNF-ααααα and IL-1βββββ in liver and culture
supernatants  The TNF-α and IL-1β levels in the liver homo-
genate and culture supernatants were determined using rat
ELISA kits.  Their levels were expressed as ng/L.

Statistical analysis  All values are presented as mean±SD.
A two-tailed, non-paired, Student’s t-test was used to evalu-
ate differences between means.  Statistical significance was
set at P<0.05.

Results
Effect of MT-Se on serum ALT and AST concentration

The model group (treated with BCG plus LPS) manifested
severe liver damage with an elevation of serum amino-
transferase, compared with the normal group.  In the group
of mice treated with MT-Se (5, 10, and 20 mg/kg), serum lev-
els of liver enzymes were significantly decreased as com-
pared with BCG plus LPS-treated mice.  Similarly,  bifendate
(100 mg/kg) reduced the levels of liver enzymes as opposed
to BCG plus LPS-treated mice (Table 1).

Effect of MT-Se on liver histology  No histological ab-
normalities were observed in normal mice.  There was severe
necrosis of hepatocytes with marked mononuclear infil-
tration, seen after LPS injection in the BCG-primed mice.  In
the MT-Se (5, 10, and 20 mg/kg) treated groups, the area and
extent of necrosis was attenuated and the immigration of
inflammatory cells was reduced (Figure 2).

Effect of MT-Se on liver homogenate MDA content and
SOD, GSH-px activities   Injection of LPS after BCG priming
in mice caused a significant elevation in MDA levels in the
liver tissue.  MT-Se (5, 10 and 20 mg/kg) reduced the eleva-
tion of MDA levels in the liver.  The activities of antioxidant
enzymes including GSH-px and SOD were significantly in-

Table 1.  Effect of MT-Se on serum ALT and AST activities in mice
with immunological hepatic injury induced by BCG plus LPS.  n=10.
Mean±SD.  cP<0.01 vs normal.  eP<0.05, fP<0.01 vs model.

  Group             Doses/mg·kg-1       ALT/U·L-1          AST/U·L-1

Normal –   25±4   24±9
Model – 139±34c 101±14c

MT-Se 5 102±17f   80±18e

10   96±25f   75±15f

20   95±24f   67±16f

Bifendate 100   95±22f   66±17f

MT-Se: Melatonin-selenium nanoparticles, ALT: alanine amino-
transferase, AST: aspartate aminotransferase; BCG: bacillus Calmette-
Guerin; LPS: lipopolysaccharide.

hibited in the liver tissues of mice injected with LPS after
BCG priming.  Treatment with MT-Se (10 and 20 mg/kg) in-
creased the activity of GSH-px and MT-Se at doses of 10 and
20 mg/kg elevated the activity of SOD (Table 2).

Effect of MT-Se on serum and liver levels of NO  The
levels of NO in serum and liver tissue were significantly in-
creased in BCG-primed mice challenged with LPS.  MT-Se (5,
10, and 20 mg/kg) reduced the elevation of NO levels in se-
rum and liver tissue (Figure 3).

Effect of MT-Se on TNF-α α α α α and  IL-1βββββ concentration in
the liver  As shown in Table 3, when mice were first injected
with BCG and then challenged with LPS, the proinflammatory
cytokines, such as TNF-α and IL-1β, were significantly
elevated.  MT-Se (5, 10, and 20 mg/kg) decreased the levels
of TNF-α and IL-1β in a liver homogenate.  Bifendate had no
effect on TNF-α and IL-1β (Table 3).

Effect of MT-Se on splenocyte proliferation in mice with
immunological liver injury  Treatment with MT-Se sup-
pressed the accentuation of splenocyte proliferation induced
by LPS or ConA (Figure 4).
      Effect of MT-Se on production of TNF-ααααα and IL-1βββββ by
PMΦΦΦΦΦ The levels of TNF-α and IL-1β in culture supernatants
of PMΦ were significantly increased in immunological liver
injury mice.  MT-Se (5, 10, and 20 mg/kg) inhibited the
production of TNF-α and IL-1β (Table 4).

Discussion
The findings of the present study showed that MT-Se, a

new chemical compound that is composed of melatonin and
red elemental selenium particles, prevented the development
of immunological liver injury induced by BCG plus LPS.  It
markedly reduced the severe liver injury in mice as demon-
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strated by a significant reduction in the serum transaminase
levels and amelioration of severe hepatic pathological abno-
rmalities.  Meanwhile, MT-Se decreased MDA content and
NO levels, and increased the antioxidant capacity, including
SOD and GSH-px activity.  In addition, MT-Se played an
immunoregulatory role in decreasing proinflammatory
cytokines and inhibiting splenocyte proliferation.  We pro-
pose that oxidative stress and proinflammatory cytokine
overproduction imposed on the liver play an important role
in the pathogenesis of hepatic damage, and these results are
attenuated by the antioxidant and immunoregulatory activ-
ity of MT-Se.

The current results confirmed that MT-Se’s protection
against hepatic injury was associated with the antioxidant
property of melatonin and selenium.  Melatonin combined
with selenium could induce synergistic effects, indicated by
improved free radical scavenging activity of MT-Se.  Sele-
nium, an integral part and located at the catalytic site of
GSH-px, is now known to be of fundamental importance to
human health[21].  Recent evidence has shown that treatment
with selenium and other antioxidants results in positive clini-
cal responses in various liver diseases associated with in-
creased oxidative damage[22].  GSH-px and some seleno-com-
pounds such as ebselen have also been shown to protect

Table 2.  Effects of MT-Se on MDA levels, SOD, and GSH-px activities in hepatic homogenate of immunological hepatic injury.  n=10.
Mean±SD.  cP<0.01 vs normal.  eP<0.05, fP<0.01 vs model.

      Groups                 Doses/mg·kg-1        MDA/mmol·g-1protein                 SOD/kU·g-1 protein              GSH-px/kU·g-1 protein

Normal     – 4.0±0.8 243±47 76±15
Model     – 6.9±1.7c 122±59c 40±17c

MT-Se     5 5.1±1.2f 173±33 49±12
  10 4.7±1.2f 198±5e 59±17e

  20 4.1±0.9f 202±68f 69±2f

Bifendate 100 4.4±1.1f 131±36 37±10

MT-Se: Melatonin-selenium nanoparticle; MDA: malondialdehyde; SOD: superoxide dismutase; GSH-px: glutathione peroxide.

Figure 2.  Histologic examination of liver sections (hematoxylin and eosin stains, ×200) from: (A) a normal mouse showing no histological
abnormality; (B) a BCG-primed and LPS-treated mouse showing severe degeneration of hepatocytes with marked mononuclear infiltration; (C,
D) a mouse treated with melatonin-selenium nanoparticle (MT-Se) and bifendate, respectively.  Images show the area and extent of necrosis
was attenuated and the immigration of inflammatory cells was reduced compared to BCG-primed and LPS-treated mouse.
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against hepatic injury[23,24].  Selenium also appears to be pro-
tective for individuals infected with the hepatitis virus (B or
C) against the progression of the condition to liver cancer[25].
These effects may prove selenium to be beneficial as an

adjuvant therapy for liver disease.  However, it must be re-
membered that selenium is a toxic mineral with a fairly small
therapeutic window.  Seleno-compounds, especially inor-
ganic selenium, could be hepatotoxic and teratogenic in ani-
mals and humans.  In some sensitive individuals, the maxi-
mum safe dietary intake may be as low as 600 µg per day.  It
would therefore seem prudent to restrict adult intake from all
sources to an upper limit of 400–450 µg/day as recommended
by several expert panels[26].  Although the toxic effect of
elemental selenium nanoparticles is less, the selenium con-
tents percentage in MT-Se is only 1% and the dose of sele-
nium less than 200 µg in our experimental design.  The cur-
rent study confirmed that selenium at doses of 50 to 200 µg
reinforced the endogenous anti-oxidative systems in com-
parison with melatonin or selenium alone; suggested by MT-
Se blunting of lipid peroxidation and increased GSH-px
activity.

Melatonin is also well known to be a multi-faceted free
radical scavenger and antioxidant[8,9].  Previous studies have
shown that melatonin could protect against several models
of liver injury by inhibiting oxidative and nitrosative damage.
Calvo et al found that melatonin protected against alpha-
naphthylisothiocyanate (ANIT)-induced liver injury with
cholestasis in rats, and suggested that this protective effect
was a result of 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[27].
Melatonin at high doses (10–100 mg/kg) could also dose-
dependently reduce liver lipid peroxide content in CCl4-treated
rats.  This indicates that melatonin exerts a therapeutic effect
on CCl4-induced acute liver injury in rats, possibly through
its antioxidant action[28].  Melatonin plays a cytoprotective
role in the liver affected by ischemia and reperfusion through
its ability to prevent hepatic malfunction and inhibit the gen-

Figure 4.  Effect of MT-Se on splenocyte proliferation in mice with
immunological liver injury.  n=5.  Mean±SD.  cP<0.01 vs normal.
eP<0.05, fP<0.01 vs model.

Table 4.  Effect of MT-Se on production of TNF-α and IL-1β by
PMΦ.  n=5. Mean±SD. cP<0.01 vs normal.  eP<0.05, fP<0.01 vs
model.

    Groups     Dose/mg·kg-1         TNF-α/ng·L-1           IL-1β/ng·L-1

Normal     – 0.77±0.26 0.8±0.4
Model     –   3.1±0.6c 2.5±0.3c

MT-Se     5   2.0±0.4e 1.5±0.3e

  10 1.90±0.23e 1.3±0.4f

  20   1.8±0.7f 0.7±0.6f

Bifendate 100   2.3±0.7 1.9±0.6

MT-Se: Melatonin-selenium nanoparticle; TNF: tumor necrosis factor;
IL-1: interleukin-1; PMΦ: peritoneal macrophage.

Figure 3.  Effect of melatonin-selenium nanoparticle (MT-Se)
administration on serum and hepatic NO levels in mice injected with
BCG plus LPS.  n=10.  Mean±SD.  cP<0.01 vs normal.  eP<0.05, fP<
0.01 vs  model.

Table 3.  Effect of MT-Se on TNF-α and IL-1β level in liver homo-
genate of mice with immunological hepatic injury.  n=10.  Mean±SD.
cP<0.01 vs normal.  eP<0.05, fP<0.01 vs model.

     Groups       Dose/mg·kg-1        TNF-α/ng·L-1         IL-1β/ng·L-1

Normal     – 1.6±0.8 1.3±0.7
Model     – 4.8±1.6c 4.2±1.5c

MT-Se     5 3.4±1.1e 2.9±0.9f

  10 3.3±0.7f 2.6±0.7f

  20 2.6±0.7f 2.0±0.5f

Bifendate 100 3.9±1.4 3.2±1.0

MT-Se: Melotonin-selenium nanoparticle; TNF: tumor necrosis factor;
IL-1: interleukin-1
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eration of free radicals and accumulation of neutrophils in
the damaged hepatic tissue[29].  Moreover, melatonin ap-
peared to be significantly more potent than N-acetylcysteine
in reversing the oxidative damage induced by ischemia and
reperfusion[30].  In bile duct ligated rats, melatonin was much
more effective than vitamin E in reducing liver injury and
oxidative stress[31].  Acetaminophen at high doses can cause
fulminant hepatic necrosis and nephrotoxic effects, and me-
latonin can reverse these effects with its higher efficacy in
scavenging various free radicals and also because of its abil-
ity in stimulating the antioxidant enzymes[32].  In our previ-
ous study, we also observed that pretreatment with melato-
nin had a protective effect on immunological hepatic dam-
age induced by BCG and LPS.  In this study, it is confirmed
that MT-Se also had a hepatic protective effect through the
synergistic antioxidant effect of melatonin and selenium.

As is well known, TNF-α is considered to be a common
early effector molecule for liver injury, in addition to its di-
rect cytotoxic effects, this cytokine is able to induce chemo-
kines, macrophage chemotactic protein-1, and adhesive mol-
ecules (vascular-cell adhesion molecule-1), which are key to
inflammation and consequent liver damage.  The 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 oligonucle-
otide and interaction of TNF-α with soluble TNF-α receptors.
Although IL-1 itself does not damage the liver, its elevation
could stimulate inflammatory cells to excrete many other
cytokines including TNF-α, IL-6, and IL-8.  Our results sug-
gest that the elevation of inflammatory cytokines, including
TNF-α and IL-1β, in the liver tissue and PMΦ cell culture
supernatants are contributing to the mechanisms of immu-
nological liver injury.  MT-Se decreased TNF-α and IL-1β lev-
els in the liver inhibiting their production by PMΦ.  These
results are consistent with the literature suggesting mela-
tonin’s immunosuppressive effect on the production of in-
flammatory cytokines.  Shin et al[33] found that low levels of
Bacillus anthracis were known to induce the release of cyto-
kines such as TNF-α, and thereby exposure of melatonin
(1×10-7−1×10-6 mol)  to anthrax lethal toxin-treated macroph-
ages also decreased the release of TNF-α to the extracellular
medium as compared with the control.  Sacco et al[34] found
that the administration of melatonin to mice (5 mg/kg, sc, 30
min before or simultaneously with LPS) inhibited serum TNF-
α levels by 50%–80% and improved the survival of mice
treated with a lethal dose of LPS.  It was also previously
reported that melatonin had a protective role in LPS-induced
septic shock by suppressing proinflammatory cytokines,
prostaglandins and NO production[35].  Thus, the present

study revealed that MT-Se had an immunoregulatory effect
on immunological liver injury in mice by inhibiting
proinflammatory cytokine production.  Moreover, in our in
vivo experiment, MT-Se suppressed the proliferation of spleen
cells induced by ConA or LPS.  These findings suggest that
MT-Se may alleviate immunological liver injury not only
through inhibiting the activation of PMΦ, but also by induc-
ing the dysfunction of activated lymphocytes.

In summary, the results obtained in the present study
indicate that the mode of MT-Se’s hepatic protective action
is, at least in part, related to its antioxidant properties, such
as inhibiting lipid peroxidation and NO production, as well
as increasing the antioxidant enzyme capacity.  Furthermore,
we found that it appeared that MT-Se had an immunoregu-
latory effect on inhibiting proinflammatory cytokines and
activated lymphocytes. MT-Se, a novel complex, may be
beneficial as a valuable drug for protection against liver injury.
However, further investigation is required to clarify the de-
tailed mechanism of the therapeutic effect of MT-Se on liver
injury.
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