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BACKGROUND: Melatonin (N-acetyl-5-methoxytripta-mine)  is 
a free radical scavenger and a strong antioxidant, secreted 
by the pineal gland. In this study, we evaluated the effects 
of decreasing and increasing serum melatonin levels on 
malonyldialdehyde (MDA), superoxide dismutase (SOD), 
and reduced glutathione (GSH) levels in pancreatic tissue 
from rats with experimental acute pancreatitis.

METHODS: Experimental acute pancreatitis was induced 
in three groups of Wistar albino rats (10 animals per group) 
by pancreatic ductal ligation. The first group had only acute 
pancreatitis and served as the control. Surgical pinealectomy 
was added to acute pancreatitis in the second group, removing 
the source of endogenous melatonin (low melatonin levels 
group). The third group was given 0.1 ml daily intraperitoneal 
injections of 20 mg/ml melatonin solution for one week (high 
melatonin levels group). The effects of melatonin levels were 
evaluated by comparison of the levels of MDA, SOD, and GS in 
pancreatic tissue.

RESULT: We found that intraperitoneal melatonin injections 
decreased the levels of MDA and increased the levels of SOD 
and GSH in pancreatic tissue.

CONCLUSION: Exogenous melatonin has a preventive effect on 
lipid peroxidation and oxidative damage in acute pancreatitis.

(Hepatobiliary Pancreat Dis Int 2010; 9: 78-82)
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Introduction

Oxygen-free radicals (OFRs) and products of 
oxidative cell damage are known as biomarkers 
that escalate in the physiopathology of many 

diseases. In the early stages of acute pancreatitis, hypo-
volemia develops due to liquid secretion into the 
peripancreatic area and abdominal cavity; in later 
stages, septic complications occur because of bacterial 
translocation. The extravasation of pancreatic secretions 
into the interstitial area activates enzymes and starts the 
process of autolysis.

As a result of prevalent edema, degeneration in the 
microcirculation, and cellular ischemia/reperfusion 
damage, lipid peroxidation products and OFRs begin 
to accrue within the tissue. Measuring the antioxidants 
produced against oxidative stress and the OFRs that play 
an important role in the physiopathology of the disease 
can give information about how serious the oxidative 
damage in the tissue is.

The role of OFRs in acute pancreatitis was first shown 
experimentally in 1984. In the following years, many 
studies were carried out on lipid peroxidation products 
and changes in glutathione metabolism.[1, 2] However, the 
number of studies on the effects of melatonin and OFRs 
has been quite limited.

Melatonin (N-acetyl-5-methoxytriptamine) is a free 
radical scavenger and a strong antioxidant, secreted by 
the pineal gland. Melatonin impacts on toxic radicals 
independent of receptors and breaks down many free 
radicals, such as the highly toxic hydroxyl and peroxyl 
radicals, OFRs, and peroxynitrite anions. Moreover, 
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melatonin affects receptors in the genome and has a 
stimulatory effect on antioxidant enzyme systems such 
as superoxide dismutase (SOD) and reduced glutathione 
(GSH). The oxidative damage that occurs as a result of 
lipid peroxidation disrupts the functional integrity of the 
cell membrane in acute pancreatitis.[3]

Malonyldialdehyde (MDA) is a peroxidative decom-
position product of polyenic fatty acids, and an increase 
in tissue levels indicates an expansive lipid peroxidation. 
The most significant method used to assess oxidative 
stress and an increase in OFRs is to check the rise in 
plasma and tissue levels of SOD, one of the endogenous 
antioxidant enzymes, reduced glutathione, and MDA, 
one of lipid peroxidation products.[4] In the hepatic 
mitochondria of rats with ligated bile ducts, there were 
a decrease in antioxidative capacity and an increase of 
MDA among the lipid peroxidation products in tissue 
homogenates.[5, 6] 

There are studies on the idea that exogenous 
melatonin decreases cellular levels of oxidative damage. 
However, there are no studies on the effect of elimination 
of endogenous melatonin on oxidative damage in 
acute pancreatitis. In this study, the effect of removal 
of the endogenous melatonin source in rats with 
experimental acute pancreatitis through pinealectomy 
on oxidative damage products was compared with that of 
hypermelatoninemia created by exogenous melatonin in 
the same conditions.

Methods
Thirty male Wistar albino rats weighing 200-250 g 
were kept at normal room temperature (20-22 ℃) in 
a 12-hour light and 12-hour dark cycle and fed with 
standard rat pellets and tap water. This study was 
conducted in accordance with the principles and 
procedures outlined in the European Communities 
Council Directives and carried out with ethical approval 
obtained from the Animal Care Ethics Committee of 
Abant Izzet Baysal University Medical School. 

The experimental acute pancreatitis model alone 
was developed in the first group of rats, and they were 
not given any other surgical or medical treatment; 
this group served as the control (group Ⅰ). Surgical 
pinealectomy was added to pancreatic ductal ligation 
in the second group (group Ⅱ), and this reduced the 
level of melatonin. In the third group (group Ⅲ), 20 
mg/kg melatonin (Sigma, St. Louis, MO, USA) was 
injected intraperitoneally daily for one week in order to 
eliminate the damage caused by acute pancreatitis.

Surgical procedure

The technique of surgical ligation of the main 
pancreatic duct was used to develop the experimental 
acute pancreatitis model. All of the surgical procedures 
were performed under general anesthesia and standard 
sterile conditions on the same day. In all rats, 2.5 
mg/kg Enrofloxacin (Baytril 10%, Bayer-Istanbul) 
intramuscular injection was administered as a prophy-
lactic antibiotic. Intramuscular ketamine HCl (20 mg/kg; 
Ketalar, Eczacibasi, Istanbul) and xylazine HCl (5 mg/
kg; Alphazin amp) were used for general anesthesia.

Biochemical parameters

The pancreatic tissue was cleaned with cold saline 
after removal and was kept at -70 ℃ until further 
investigation. After this, 200 mg wet tissue was 
homogenized in 1.8 ml phosphate-buffered saline 
(PBS, pH 7.4) (1/9; weight/volume) with a Teflon pestle 
homogenizer (IKA Ultra Turrax T 8, IKA Labortechnic, 
Staufen, Germany) at 16 000 rpm and 4 ℃ for 3 minutes. 
This mixture was centrifuged at 4000 × g and 4 ℃ for 
15 minutes; samples of the supernatant were used for 
MDA, SOD, and GSH measurements and tissue protein 
was measured by the Lowry method.[7] 

MDA

The MDA thiobarbituric acid (TBA) heating method 
was used. TBA reacts with MDA and substrates similar to 
MDA and forms a stable pink color at 532 nm. Samples 
were precipitated with trichloroacetic acid (TCA) then 
TBA and N-butanol were added and spectrophotometric 
measurements were made at 532 nm (Digilab Hitachi 
U-2800, Hitachi High-Technologies, Tokyo, Japan); 
results were recorded as nmol/mg wet tissue weight.[8]

SOD

Measurement of SOD activity is based on the principle 
of formation of tetrazolium salts in the presence of free 
radicals formed by xanthine oxidase and hypoxanthine. 
SOD activity was measured using a commercial 
colorimetric kit (Cayman Chemical Company, Catalog 
No: 7006002, Ann Arbor, USA). The colorimetric 
plate where the reactions occurred was measured in a 
microplate reader (BioRAD Benchmark Plus ELISA) at 
450 nm. The activity of SOD was defined by using the 
regression determined in the calibration curve and results 
were given in Unit/mg wet tissue weight.[9]

Reduced glutathione (GSH)

GSH was determined using Elman reactive 5, 
5'-dithiobis (2-nitrobenzoic acid)-DTNB; D8130 (Sigma-
Aldrich-Sigma Chemical, St. Louis, Mo, USA). First, 
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the supernatant was added to Na2HPO4·2H2O solution 
and then Elman was added to the mixture; the mixture 
was immediately read at 412 nm by spectrophotometer 
(Digilab Hitachi U-2800, Hitachi High-Technologies, 
Tokyo, Japan). The results were recorded as nmol/mg 
wet tissue weight.[10]

Statistical analysis

Statistical analysis of data was made using the SPSS 
statistical software package. The levels of MDA, SOD, 
and GSH were correlated with the results of Student's t 
test. The level of statistical significance was set at P<0.05.

Results
The levels of MDA, SOD, and GSH tissue, which are 
indicators of oxidative stress in tissue samples, were 
measured in rats with experimental acute pancreatitis 
(Table).

The MDA level in pancreatic tissue was 2.92 
nmol/mg in rats from the control group with acute 
pancreatitis (group Ⅰ), whereas the level in the group 
with pinealectomy (group Ⅱ) increased to 4.45 nmol/mg. 
The increased MDA level in group Ⅱ rats was much 
higher than in group Ⅰ (t=5.3, P<0.001). After injecting 
exogenous melatonin intraperitoneally into group Ⅲ 
rats with acute pancreatitis for 7 days, the MDA level 
decreased to 2.11 nmol/mg (t=7.08, P<0.001).

The SOD level was 26.61 U/mg in group Ⅰ, 21.51 U/
mg in group Ⅱ, and 29.92 U/mg in group Ⅲ. Compared 
to the SOD level in group Ⅰ, the differences in levels 
between groups Ⅱ and Ⅲ were significant (t=3.6, P<0.01 
for groups Ⅰ and Ⅱ, t=2.3, P<0.05 for groups Ⅰ and  Ⅲ). 

The GSH level was 2.52 nmol/mg in group Ⅰ, and 
1.72 nmol/mg in group Ⅱ (t=6.70, P<0.001). Exogenous 
melatonin injection led to an excessive increase in GSH 
levels up to 2.87 nmol/mg in group Ⅲ. The difference in 
GSH levels between groups Ⅰ and Ⅲ was significant (t=3, 
P<0.01).

Discussion
Melatonin is a hormone that directly and indirectly 

affects cellular immunity and the general immune 
system. Melatonin can penetrate all the morpho-
physiological barriers in the human body due to its 
lipophilic and hydrophilic characteristics and can have 
antioxidant effects over quite a wide area.[11-13] Since 
there is no barrier to melatonin, it can cross the blood-
brain barrier and the placenta easily, and can reach 
all intracellular components without difficulty. Thus, 
melatonin can effectively protect cell walls, organelles, 
and nuclei from damage by free radicals.[11, 12] 

Being able to reach even to nuclei provides melatonin 
with an advantage in the protection of DNA from 
oxidative damage. By affecting receptors in the genome, 
melatonin also has a stimulant effect on the increase of 
the gene expression or activity of antioxidant enzyme 
systems such as catalase, SOD, glutathione peroxidase, 
glutathione reductase, and γ-glutamylcysteine synthe-
tase. Through these effects, melatonin protects the cell 
from oxidative damage, decreases inflammation, and 
impedes the progress of tissue edema.[11, 12]

The inflammatory cytokines and OFRs that appear 
because of tissue damage in acute pancreatitis disrupt 
the structure of phospholipids in the nucleus and 
cause peroxidation in membrane lipids. It is well-
known that there is a parallelism between the severity 
of acute pancreatitis, increase of lipid peroxidation 
products, and oxidative stress.[14] Tissue MDA level 
increases when lipid peroxidation products react with 
thiobarbituric acid.[4, 15, 16] Another increase occurs in 
lipid peroxidation products because of inflammatory 
cells in damaged tissue.[17]

In our study, the MDA level increased to some extent 
in the control group, and to a much higher level in the 
group that underwent pinealectomy. Increased level of 
MDA in tissue homogenates indicates increased lipid 
peroxidation in rats with the main bile ducts ligated.[6]

We found that MDA level decreased to below the 
control levels after injection of exogenous melatonin. 
We also evaluated groups Ⅰ and Ⅱ and found that 
hypomelatoninemia eliminated antioxidant reactions 
and caused lipid peroxidation products to increase, 
whereas hypermelatoninemia resulted in an evident 
antioxidant effect and a significant decrease in lipid 
peroxidation products. Hence, melatonin, as a free 
radical scavenger and a strong antioxidant does not 
undergo reactions producing hydroxyl radicals.[18] 

Melatonin has its antioxidant effect in its first contact 
with the cell membrane, by attaching to the external 
surface of the phospholipid layer, reacting with radicals, 
and detoxifying them before the membrane does; thus, 
it can protect the cell membrane.

Evaluating antioxidant enzymes SOD and GSH, showed

Table.  The levels of MDA, SOD and GSH in rats with experimental 
acute pancreatitis 

Group MDA (nmol/mg) SOD (U/mg) GSH (nmol/mg)

Ⅰ 2.92±0.29 26.61±3.39 2.52±0.27

Ⅱ 4.45±0.81 21.51±2.22 1.72±0.19

Ⅲ 2.11±0.17 29.92±2.39 2.87±0.19
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that an increase of their levels in acute pancreatitis, a 
slight decrease after pinealectomy, and a significant 
increase after exogenous melatonin injection. Hence as 
a result of reactions due to defense mechanisms in acute 
pancreatitis the level of SOD increased to a higher level 
with the effect of melatonin while decreasing the defense 
mechanism after pinealectomy.

In order to protect the cells from oxidative stress, a 
number of enzymatic and non-enzymatic mechanisms 
step in. Among the OFRs, SOD is responsible for 
enzymatic antioxidant reactions, and GSH for non-
enzymatic ones.[19] These radicals are effective in the 
pathogenesis  of  acute  pancreatitis,  as  in  many  inflam- 
matory events. GSH is a tripeptide that can be 
synthesized in the liver. SOD is an antioxidant enzyme 
that catalyzes the transformation of superoxide (O2

-) free 
radical into hydrogen peroxide (H2O2) and molecular 
oxygen (O2). GSH demonstrates its protective effect 
when free radicals react with peroxides, whereas SOD 
shows this effect by protecting cells from the harmful 
effects of O2

-such as lipid peroxidation.[17,  20]

In conclusion, MDA, a lipid peroxidation product, 
increases in the tissue, and this is provoked when 
endogenous melatonin secretion is blocked by removal 
of the pineal gland, whereas injection of exogenous 
melatonin prevents the increase and causes a decrease 
in MDA concentration. Similarly, SOD acts against 
oxidative damage. The levels of SOD and GSH in 
tissue are increased after pancreatitis, decreased 
after pinealectomy, and increased after injection of 
exogenous melatonin. Oxidative damage caused by acute 
pancreatitis is aggravated in the absence of melatonin 
or if its level is reduced, and injection of exogenous 
melatonin decreases the damage significantly.
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I have but one lamp wait which my feet are guided; and that is the lamp of experience. I know of no way of judging 
of the future but by the past.

— Patrick Henry


