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Melatonin, produced from L-tryptophan, protects the pancreas against acute damage
by improving the antioxidative status of tissue. Melatonin receptors have been
detected in the brain, but the contribution of these receptors to the pancreatic
protection is unknown. The aim of our study was to compare the effects of melatonin
precursor; L-tryptophan given intracerebroventricularly (i.c.v.) or intraperitoneally
(i.p.) on the course of acute pancreatitis. Acute pancreatitis was induced by
subcutaneous infusion of caerulein (5µg/kg-h x 5h). L-tryptophan was given i.p. (2.5,
25 or 250 mg/kg) or administered into right cerebral ventricle (0.02, 0.2 or 2.0
mg/rat) 30 min prior to the start of caerulein infusion. Plasma amylase, lipase and
TNF α activities were measured to determine the severity of caerulein-induced
pancreatitis (CIP). The lipid peroxidation products: malonylodialdehyde and 4-
hydroksynonenal (MDA + 4-HNE) and activity of superoxide dismutase (SOD) were
measured in the pancreas of intact or CIP rats with or without L-tryptophan
pretreatment. Melatonin blood level was measured by RIA. CIP was confirmed by
histological examination and manifested as an edema and rises of plasma levels of
amylase, lipase and TNF α (by 550%, 1000% and 600%). MDA + 4-HNE was
increased by 600%, whereas SOD activity was reduced by 75% in the pancreas of
CIP rats. All manifestations of CIP were significantly reduced by pretreatment of the
rats with L-tryptophan given i.c.v. at doses of 0.2 or 2.0 mg/rat, or by peripheral
administration of this amino acid used at dose of 250 mg/kg i.p. In control rats
plasma level of melatonin averaged about 40 ± 2 pg/ml and was not significantly
affected by CIP, by central application of L-tryptophan (0.02, 0.2 or 2.0 mg/rat) or
by peripheral administration of this melatonin precursor used at doses of 2.5 or 25
mg/kg i.p. Plasma melatonin level was markedly increased by pretreatment of the
rats with L-tryptophan given i.p. at dose of 250 mg/kg. We conclude that central
administration of melatonin precursor; L-tryptophan, as well as peripheral
application of high dose of this melatonin precursor prevented the pancreatic damage
produced by CIP. The favorable effect of peripherally administered L-tryptophan
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could be related to the rise of melatonin plasma level and to pancreatoprotective
action of this indoleamine. The beneficial effect of centrally administered L-
tryptophan could be mediated through activation of central receptors for locally
produced melatonin.

K e y  w o r d s : L-tryptophan, melatonin, reactive oxygen species (ROS), lipid peroxidation,
superoxide dismutase (SOD).

INTRODUCTION

Melatonin (5-methoxy-N-acetyltryptamine) is a pineal hormone, which is
produced from L-tryptophan in four-steps process, involving specific enzymes,
two of them are: N-acetytransferase of serotonin (NAT) and hydroksyindolo-O-
methyltransferase (HIOMT) (1-2). Melatonin has been isolated primarily from
the pineal gland at 1958, but following studies have shown that this hormone is
present in many tissues including retina, Harderian gland, cilliary bodies and
intestinal mucosa (3 - 4). Recent studies have reported that total amount of
melatonin in gastrointestinal tract (g.i. tract) tract was almost 400 times higher
than that detected in the pineal gland (5). This indoleamine binds to the specific
membrane receptors, which are widely distributed in the brain (6 - 7) and in the
other tissues such as lymphoid organs, gonads, kidneys and g.i. tract (8 - 10).
Melatonin receptors have been also characterized in the pancreas but the
physiological role of this substance in the pancreas is unknown (11). Previous
reports have shown that melatonin could take a part in the regulation of pancreatic
endocrine function and that activation of mt1 melatonin receptor in β-cells and in
INS-1 insulinoma cells decreased cAMP in these cells and supressed insulin
secretion (12, 13).

Besides melatonin's involvement in the regulation of the biological rhythms of
the organism, this substance is also capable to scavenge of reactive oxygen
species (ROS) (14) and to activate antioxidative enzymes such as superoxide
dismutase (SOD), catalase (CAT) or glutathione peroxidase (GSH-Px) (15). The
intensity of oxidative stress in the pancreas is estimated by an increase of lipid
peroxidation products such as: malondialdehyde (MDA) and 4-hydroxynonenal
(4-HNE) as well as by the decreases of SOD activity in pancreatic tissue (16). The
involvement of ROS in the pancreatic damage has been studied in different
experimental models of acute pancreatitis, including that produced by caerulein
overstimulation (17, 19 - 21). Pretreatment of animals subjected to caerulein-
induced pancreatitis (CIP) with the antioxidative enzymes such as SOD or CAT
resulted in the significant attenuation of all inflammatory changes in the pancreas
of these animals (22).

Our earlier studies have shown that melatonin exerted pancreatoprotective
effects following the peripheral, but not central administration of this
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substance (17). We have found that above protection is related to the
significant improvement of pancreatic blood flow (PBF) and to the marked
reduction of ROS generation in the pancreatic tissue of rats with acute
pancreatitis (17, 21).

The aim of this study was: 1) to compare the effects of intracerebroventricular
(i.c.v.) or intraperitoneal (i.p.) administration of melatonin precursor; L-
tryptophan on the course of CIP, 2) to assess whether the generation of ROS and
activity of SOD could be affected by this amino acid and 3) to determine the
effect of L-tryptophan on proinflammatory cytokine; TNFα production in
animals subjected to CIP.

MATERIALS AND METHODS

Animals and drugs

Studies were performed on male Wistar rats weighing 180-220 g. Animals were housed in cages
under standard conditions, on commercial pellet chow, at room temperature with a 12-hr light: 12-
hr dark cycle. Rats were deprived of food 17 h prior to the start of experiment, while drinking water
was available ad libitum.

Following items were purchased: caerulein (Takus) from Pharmacia GmbH (Erlangen,
Germany), L-tryptophan from Sigma Co (St Louis, MO, USA), TNFα solid phase enzyme-linked
immunosorbent assay (ELISA) kit from BioSource International INC. (Camarillo, CA, USA), LPO-
586 and SOD-525 commercial kits from OXIS Research (Portland, OR, USA) and rat melatonin
immunoassay (RIA) was purchased from IBL (Immuno-Biological Laboratory, Hamburg,
Germany).

Experimental protocol

The experimental protocol has been approved by the Jagiellonian University Ethical
Committee for Animal Experimentations.

All experiments were carried out at the same time in the morning. During the experiments
rats were placed in individual Bollman cages. Acute caerulein-induced pancreatitis was
produced by subcutaneous (s.c.) infusion of caerulein at a total dose of 25 µg/kg (5 µg/kg/h for
5 hr). Caerulein was diluted in saline and infused at a rate 1 ml/h. L-tryptophan was dissolved
in a drop of 0,1 N HCl and then in 0,9% saline. For the first part of the study various doses of
L-tryptophan (2.5, 25 or 250 mg/kg) were diluted in 0,5 ml of solution and given i.p. to the rats
as a bolus injection 30 min prior to the start of caerulein or saline (control experiments) infusion.
In the second part of the study L-tryptophan (0.02, 0.2, or 2.0 mg/rat) dissolved in 20 µl of
vehicle was administered i.c.v. 30 min prior to the start of CIP or saline infusion (control test)
to the rats.

The study consists of two parts (A and B).
In part A L-tryptophan was given i.p. as a bolus injection 30 min prior to the start of

caerulein infusion to induce CIP. Part B was concerned with the effects of centrally administered
L-tryptophan on the course of CIP. Each part of the study consisted of several experimental
groups of animals, 6-8 fasted rats in each single group.
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PART A

The study on the effects of peripheral (i.p.) administration of L-tryptophan on CIP

The following study groups, each consisted of 6-8 animals, were employed including: 1)
Control (0,5 ml of vehicle saline) injected i.p., followed 30 min later by s.c. infusion of 0,9% saline
for 5 hr, 2) Vehicle (0,5 ml) injected i.p., followed 30 min later by s.c. infusion of caerulein at a total
dose of 25 µg/kg (5 µg/kg/h for 5 hr) to induce CIP, 3) L-tryptophan (2.5, 25, or 250 mg/kg i.p.)
dissolved in 0,5 ml of vehicle followed by s.c. infusion of caerulein at a total dose of 25 µg/kg for
5 hr, 4) L-tryptophan (2.5, 25, or 250 mg/kg i.p.) dissolved in 0,5 ml of vehicle followed by s.c.
infusion of 0,9% saline for 5 h.

PART B

The study on the effects of central (i.c.v.) administration of L-tryptophan on CIP

For this part of the study L-tryptophan was dissolved in 20 µl of vehicle and administered into
right cerebral ventricle (i.c.v.) of the rats as described previously (19). Briefly, under the ether light
anaesthesia, an incision was made along the midline of the skull, the skull bones were cleaned of
connective tissues and intersection between the sagittal and coronary sutures was visualized. A
point at a distance of 2,5 mm from both sutures was found and at this point small hole was made in
the skull using a needle with a sharp end. The hole was made with a rotary movement of the needle
and the head wound was closed by a clip. The effectiveness of i.c.v. administration was verified by
injecting 20 µl of 0,1% toluidine blue.

The following study groups, each consisted of 6-8 animals, were employed including: 1)
Control (20 µl of vehicle saline) injected i.c.v. followed 30 min later by s.c. infusion of 0,9% saline
for 5 hr, 2) Vehicle (20 µl) injected i.c.v. followed 30 min later by s.c. infusion of caerulein at a dose
of 5 µg/kg/h for 5 hr to induce CIP, 3) L-tryptophan (0.02, 0.2 or 2.0 mg/rat i.c.v.) dissolved in 20
µl of vehicle followed by s.c. infusion of caerulein for 5 hr, 4) L-tryptophan (0.02, 0.2 or 2.0 mg/rat
i.c.v.) dissolved in 20 µl of vehicle followed by s.c. infusion of 0,9% saline for 5 h.

Determination of plasma levels of amylase, lipase, TNFα and melatonin

Following 5-hr infusion of caerulein or vehicle (in control tests) animals were anaesthetized
with Morbital (0,2 ml/rat) and then the abdominal cavity was opened. The vena cava was exposed
and blood was withdrawn into ethylen-ediaminetetraacetic acid (EDTA)-containing tubes for
determination of plasma amylase, lipase and TNF α activities. Plasma amylase was measured with
the modified sacharogenic method using Alpha Diagnostics kit as described previously (18). Lipase
was determined using an automatic analyser Kodak Ektachem chemistry slides (LIPA, Rochester,
NY, USA) (20). Plasma TNFα was determined using an ELISA according to the manufacturer's
protocol as described previously (18). Plasma melatonin concentration was measured by RIA using
rat melatonin RIA kit, according to the manufacture's procedure (23).

Pancreatic weight and histological examination

The pancreas was carefully dissected from its attachment to the stomach, duodenum and spleen,
rinsed and weighted. Pieces of the pancreas were excised from the body portion, fixed in 10%
formaline and stained with hematoxylin and eosin (H&E). Pancreatic samples were examined by a
professional histologist without knowledge of the treatment given. The histologic grading of edema,
leukocyte infiltration and vacuolisation was made using a scale ranging from 0 to 3 as described
previously (18).
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Determination of lipid peroxidation products in the pancreatic tissue

The samples of fresh pancreatic tissue were taken for measurement of lipid peroxidation
products malondialdehyde (MDA) and 4-hydroxynonenal (4-HNE), using LPO-586 commercial
kit, according to the manufacturer's protocol. Briefly, samples of pancreatic tissue weighing about
300 mg were homogenized in the phosphate buffer (20mM, pH 7.4). Then, 10 µl of 0,5 M butylated
hydroxytoluene in acetonitrile was added to each sample to prevent tissue oxidation. Samples were
centrifuged and the supernatant were immediately frozen at 70°C until assay. MDA + 4-HNE was
measured in duplicate and expressed as nM/g of tissue.

Determination superoxide dismutase (SOD) activity in the pancreas

To determine the activity of superoxide dismutase (SOD), a sample of pancreatic tissue was
obtained and perfused with 0,9% NaCl containing 0,16 mg/ml heparin to remove red blood cells,
followed by homogenization and centrifugation, as described previously (24). The colorimetric
assay for assessment of SOD activity (Bioxytech SOD-525, Oxis, Portland, USA) was used. SOD
activity was measured in duplicate and expressed as units per gram of tissue (U/g).

Statistical analysis

Comparison of the differences between the mean values of various groups of experiments
were made using an ANOVA and the Student's t-test for unpaired data. A difference with a P
value of < 0,05 was considered statistically significant. Results were expressed as means ±
S.E.M.
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Fig. 1. Pancreatic weight in rat subjected to caerulein-induced pancreatitis (CIP) pretreated with
increasing doses of L-tryptophan given intracerebroventricularly (i.c.v.) or intraperitoneally (i.p.).
(To induce CIP caerulein was given isubcutaneously at dose of 5 µg/kg x 5 h). Asterisk (*) indicates
significant (P > 0,05) change, as compared to the value obtained from the rats subjected to CIP
alone. Control = value obtained from the rats pretreated with vehicle saline alone. Means ± SEM of
6-8 rats in each experimental group.
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Fig. 2. Effect of central (i.c.v) or peripheral (i.p.) application of L-tryptophan on plasma amylase
activity in rats subjected to caerulein-induced pancreatitis (CIP). Asterisk (*) indicates significant
(P > 0,05) change, as compared to the value obtained from the rats subjected to CIP alone. Control
= value obtained from the rats pretreated with vehicle saline alone. Means ± SEM of 6-8 rats in each
experimental group.
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Fig. 3. Effect of central (i.c.v.) or peripheral (i.p.) application of L-tryptophan on plasma lipase
activity in rats subjected to caerulein-induced pancreatitis (CIP). Asterisk (*) indicates significant
(P > 0,05) change, as compared to the value obtained from the rats subjected to CIP alone. Control
= value obtained from the rats pretreated with vehicle saline alone. Means ± of 6-8 rats in each
experimental group.



RESULTS

Effects of L-tryptophan given i.p. or i.c.v. on pancreatic weight, plasma
amylase, lipase and TNFα activities

Subcutaneous infusion of caerulein (5 µg/kg/h during 5 hr) to the rats
produced CIP in all animals tested. CIP was manifested by an increase of
pancreatic weight, plasma amylase and lipase activities (by 200%, 550% and
1000% respectively) (Figs 1-3). Infusion of caerulein resulted also in marked rise
in the plasma level of proinflammatory cytokine; TNFα (by about 600%) in the
CIP rats as compared to the vehicle-treated control animals (Fig. 4).

Pretreatment of CIP rats with L-tryptophan given centrally at doses of 0.2 or
2.0 mg/rat i.c.v., as well as peripheral application of this amino acid at dose of 250
mg/kg i.p., resulted in the significant reduction of pancreatic weight, plasma
amylase, and TNFα activities, as compared to the values obtained from the CIP
rats, without L-tryptophan pretreatment (Figs 1, 2, 4). Plasma lipase level was
markedly decreased by L-tryptophan given at dose of 2.0 mg/rat i.c.v. or by 250
mg/kg i.p.(Fig. 3). Intraperitoneal application of L-tryptophan (2.5, or 25 mg/kg
i.p.) given to the rats 30 min prior to the start of CIP failed to affect significantly
pancreatic edema as well as plasma amylase, lipase and TNFα activities in these
animals. (Figs 1-4).
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Fig. 4. Effect of i.c.v. or i.p. administration of L-tryptophan on TNFα plasma activity in rats
subjected to caerulein-induced pancreatitis (CIP). Asterisk (*) indicates significant (P > 0,05)
change, as compared to the value obtained from the rats subjected to CIP alone. Control = value
obtained from the rats pretreated with vehicle saline alone. Means ± of 6-8 rats in each experimental
group.



Effects of L-tryptophan given i.p. or i.c.v. MDA + 4-HNE content and SOD
activity in pancreatic tissue

The content of MDA + 4-HNE in the pancreatic tissue obtained from vehicle-
treated rats was about 6.0 ± 1.4 nM/g of tissue. Caerulein overstimulation
markedly increased MDA + 4-HNE in the pancreas to about 27.0 ± 2.0 nM/g of
tissue (Fig. 5).

L-tryptophan given into the right cerebral ventricle resulted in the significant
and dose-dependent decrease of MDA + 4-HNE generation in the pancreatic
tissue, as compared to the value obtained in the rats with CIP alone (Fig. 5).
Peripheral application of this melatonin precursor at dose of 250 mg/kg also
markedly reduced the content of lipid peroxidation products in the pancreas of rat
subjected to caerulein overstimulation (Fig. 5).

Following caerulein infusion to produce CIP, the activity of superoxide
dismutase (SOD) in the pancreas decreased by about 60%, comparing to control
value. Central administration of higher doses of L-tryptophan (0.2 or 2.0 mg/rat
i.c.v.), or intraperitoneal application of this amino acid at dose of 250 mg/kg
significantly increased SOD level in pancreatic tissue (by about 40%, 105% or
94%, respectively) comparing to the values obtained from rats with CIP alone
(Fig. 6). Pretreatment of the CIP rats with L-tryptophan given at a dose of 0.02
mg/rat i.c.v. or peripheral administration of L-tryptophan (2.5 or 25 mg/kg i.p.)
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Fig. 5. Lipid peroxidation products (MDA+4-HNE) in pancreatic tissue obtained from the rats
subjected to caerulein-induced pancreatitis (CIP) pretreated with L-tryptophan given i.c.v. or i.p.
Asterisk (*) indicates significant (P > 0,05) change, as compared to the value obtained from the rats
subjected to CIP alone. Control = value obtained from the rats pretreated with vehicle saline alone.
Means ± of 6-8 rats in each experimental group.
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Fig. 6. Superoxide dismutase (SOD) activity in pancreatic tissue obtained from the rats subjected to
caerulein-induced pancreatitis (CIP) pretreated with L-tryptophan given i.c.v. or i.p. Asterisk (*)
indicates significant (P > 0,05) change, as compared to the value obtained from the rats subjected
to CIP alone. Control = value obtained from the rats pretreated with vehicle saline alone. Means ±
of 6-8 rats in each experimental group.
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Fig. 7. Plasma melatonin immunoreactivity in CIP rats pretreated with increasing doses of L-
tryptophan given intracerebroventricularly (i.c.v.) or intraperiptoneally (i.p.). Asterisk (*) indicates
significant (P > 0,05) change, as compared to the value obtained from the rats subjected to CIP
alone. Control = value obtained from the rats pretreated with vehicle saline alone. Means ± of 6-8
rats in each experimental group.



failed to affect significantly pancreatic content of MDA + 4-HNE or SOD activity
in the pancreas of these animals (Figs 5, 6).

In the control rats subjected to infusion of vehicle instead of caerulein,
administration of L-tryptophan i.p (2.5, 25 or 250 mg/kg) as well as i.c.v (0.02,
0.2 or 2.0 mg/rat) failed to affect significantly all pancreatic parameters tested and
these results were omitted for the sake of clarity.

Effects of L-tryptophan given i.p. or i.c.v. on melatonin plasma level

In control rats plasma melatonin immunoreactivity averaged 40 ± 2 pg/ml (Fig.
7). Caerulein overstimulation did not influence significantly this plasma melatonin
level (Fig. 7). Central administration of L-tryptophan at graded doses (0.02, 0.2 or
2.0 mg/rat i.c.v.) as well as peripheral application of this amino acid at lower doses
(2.5 or 25 mg/kg i.p.) failed to affect significantly this plasma melatonin
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Fig. 8. Histologic section of pancreas taken from control rats (A), from the rats subjected to
caerulein-induced pancreatitis (CIP) alone (B), from the CIP animals pretreated with L-tryptophan
(250 mg/kg) given i.p. (C) and from the rats pretreated with L-tryptophan (2 mg/rat) applied i.c.v.
(D). Hematoxylin and eosin (H&E) stain; magnification 165x.



immunoreactivity, whereas pretreatment of the rats with 250 mg/kg of L-
tryptophan resulted in the increase of plasma melatonin level up to 400 ± 85 pg/ml
(Fig. 7).

Histological examination

Subcutaneous infusion of caerulein (5 µg/kg/ h for 5 hr) produced typical
pancreatic lesions in all tested rats (Fig. 8, Table 1). The pancreas was grossly
swollen and enlarged, peritoneal fluid was present in all animals, and edema was
accompanied by perivascular infiltration of leukocytes and the vacuolization of
acinar cells. In CIP rats pretreated with L-tryptophan given centrally (i.c.v.) at
doses of 0.2 or 2 mg/rat, or peripherally (i.p.) at dose of 250 mg/kg a significant
reduction of edema and neutrophil infiltration was observed. These changes were
accompanied by the decrease of total amount of vacuolizated cells (Fig. 8, Table
1). Central application of L-tryptophan at lowest dose (0.02 mg/kg i.c.v.) as well
as intraperitoneal administration of this amino acid at doses of 2.5 or 25 mg/kg
i.p. to the CIP animals failed to affect significantly pancreatic inflammatory
changes produced by CIP (Fig. 8 and Table 1).
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Table 1. Histological changes induced by s.c. infusion of caerulein alone (5 µg/kg-h x 5h), s.c.

infusion of caerulein combined with intracerebroventricular (i.c.v.) or intraperitoneal (i.p.)

injection of L-tryptophan. Asterisk (*) indicates significant  (P < 0,05) change as compared to

the value obtained with caerulein-induced pancreatitis (CIP) alone. Control = value obtained

from the rats pretreated with vehicle saline alone. Means ± of 6-8 rats in each experimental

group.

EDEMA

(0-3)

INFILTRATION

(0-3)

VACUOLISATION

(0-3)

CONTROL
0.1 ± 0.1 0.0 0.0

CIP alone
2.5 ±  0.3 2.25 ± 0.2 2.5 ± 0.0

CIP + L-tryptophan

0.02 mg/rat i.c.v.
2.2 ± 0.5 2.0 ± 0.1 2.5 ± 0.5

CIP + L-tryptophan

2 mg/rat i.c.v.
2.0 ± 0.2* 1.8 ± 0.1* 1.8 ± 0.4*

CIP + L-tryptophan

2 mg/rat i.c.v.
1.8 ± 0.0* 1.6 ± 0.5* 1.6 ± 0.2*

CIP + L-tryptophan

2.5 mg/kg i.p.
2.5 ± 0.5 2.1 ± 0.5 2.5 ± 0.5

CIP + L-tryptophan

25 mg/kg i.p.
2.3 ± 0.5 2.0 ± 0.4 2.5 ± 0.35

CIP + L-tryptophan

250 mg/kg i.p.
1.3 ± 0.5* 1.7 ± 0.4* 1.6 ± 0.2*

Table 1. Histological changes induced by s.c. infusion of caerulein alone (5 µg/kg-h x 5h), s.c.
infusion of caerulein combined with intracerebroventricular (i.c.v.) or intraperitoneal (i.p.) injection
of L-tryptophan. Asterisk (*) indicates significant (P < 0,05) change as compared to the value
obtained with caerulein-induced pancreatitis (CIP) alone. Control = value obtained from the rats
pretreated with vehicle saline alone. Means ± of 6-8 rats in each experimental group.



DISCUSSION

The results of present study provides the evidence that administration of
melatonin precursor; L-tryptophan given i.c.v., effectively protects the pancreas
against acute inflammation provoked by caerulein overstimulation. In this study
we have compared the pancreatoprotective influence of central application of L-
tryptophan with the effect of intraperitoneal administration of this melatonin
precursor. Herein we confirm the results of our previous study showing that L-
tryptophan given i.p. at high doses is able to protect effectively the pancreas from
acute damage, and that above beneficial effect of L-tryptophan is related to the
increase of melatonin content in the organism (17). Our previous paper have
documented, that exogenous melatonin as well as that produced endogenously
from L-tryptophan protects pancreatic tissue from the acute damage by the
reduction of ROS generation in the pancreas. Melatonin is also able to modulate
the inflammatory cytokine production. This indoleamine reduced plasma level of
proinflammatory TNFα, while increasing anti-inflammatory interleukin 10 (IL-
10) (17, 20, 21). However, administration of melatonin into right cerebral
ventricle of rats subjected to caerulein overstimulation failed to affect
inflammatory changes in pancreatic tissue produced by CIP (17).

Previous reports have revealed that increased generation of ROS in pancreatic
tissue is responsible for pancreatic damage in acute pancreatitis (25 - 26).
Melatonin is a potent scavenger of ROS, and this indoleamine is able to scavenge
the most dangerous hydroxyl radical (.OH), which is produced in Fenton reaction
(27). Since melatonin can easily cross cell membranes it was concluded that this
indoleamine is able to pass through the blood-brain barrier and thus melatonin
could regulate some processess in peripheral tissues (28). Besides melatonin's
ability to scavenge of ROS, this substance has been demonstrated to activate the
antioxidative enzymes such as catalase (CAT) and glutathone peroxidase (GSH-
Px) (25 - 26). Recent reports have shown that also melatonin precursor; L-
tryptophan exhibits a strong, antioxidative effect that was comparable to that of
mannitol or to DMSO (29). At 1999 Tan and Reiter have reported that oxidative
stress is involved in the pathogenesis of neurodegenerative diseases such as
Alzheimer's disease or Parkinson's disease, and that this neurodegeneration could
be attenuated by melatonin (30). It was also observed that melatonin prevented
the animals from alloxan-induced diabetes by scavenging of hydroxyl radical
produced in pancreatic β-cells (31-33).

Our studies have confirmed that content of lipid peroxidation products in the
pancreas is dramatically enhanced by acute pancreatitis caused by caerulein
overstimulation or ischemia-reperfusion (19 - 21). Peripheral administration of
melatonin or L-tryptophan resulted in significant and dose-dependent reduction
of MDA + 4-HNE in pancreatic tissue (21). Studies on acute pancreatitis have
shown that the antioxidative enzymes such as SOD and CAT given to the animals
subjected to experimental pancreatitis attenuated inflammatory changes in the
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pancreatic tissue (25, 34). This observation suggests that ROS play a pivotal role
in pathomechanism of AP. Administration of allopurinol; inhibitor of xanthine
oxidase, which is involved in ROS production, reduced pancreatic damage caused
by acute pancreatitis provoked by caerulein or L-arginine application (22).
Melatonin or its precursor; L-tryptophan were shown to prevent from the
development of gastric ulcers induced by ischemia-reperfusion, stress or
application of aspirin by scavenging of ROS and by producing an improvement
in gastric blood flow (16, 23). Recent studies have evidenced that melatonin
exerts a gastroprotective effect following its administration to cerebral ventricles
at a dose several timers lower than that, which produced attenuation of gastric
ulcerations following peripheral application this indolamine (35).

Acute pancreatitis is associated with increased expression and production of
pro-inflammatory cytokines, such as TNFα, IL-1β or IL-6 (19 - 21). Our earlier
study has shown that administration of melatonin or L-tryptophan before the
onset of CIP caused a significant reduction in plasma level of TNFα while
increasing that of anti-inflammatory cytokine IL-10 (21). It has been observed
that melatonin improved a functional and energetic status of the liver subjected to
ischemia-reperfusion by decreasing TNFα level (36). Above results are in
agreement with earlier observations of Lissoni who have revealed that melatonin
is able to decrease TNFα production (37). To the contrary, other investigators
have reported that this pineal indoleamine failed to influence TNFα production
(38 - 39). The effect of melatonin on cytokine production is not completely clear,
because it has been also demonstrated that melatonin have increased gene
expression and production of IL-2, IL-6 and IL-12 while decreasing plasma level
of IL-10 (21, 37, 40).

Our present study have shown that administration of low doses of L-
tryptophan centrally (0.02, 0.2, or 2.0 mg/rat) as well as peripherally (2.5 or 25
mg/kg i.p.) failed to affect significantly melatonin plasma level. Previous reports
have demonstrated that L-tryptophan given to the rats intraperitoneally or
intraduodenally resulted in the dose-dependent rises of melatonin plasma
activities (21, 23). In present study we confirm that peripheral application of high
doses of L-tryptophan (250 mg/kg i.p.) resulted in the marked rise of plasma level
of melatonin. It is likely that L-tryptophan given intracerebroventricularly was
converted into melatonin in the brain. This locally produced melatonin could
influence its central receptors to exert the pancreatoprotective effect. The
mechanism of the beneficial effect of L-tryptophan after its central administration
is unclear and could be related to the activation of efferent nerves or others
indirect mechanisms, but it requires further study.

In conclusion: central administration of L-tryptophan to the CIP rats is able
to attenuate pancreatic inflammatory changes thought activation of central, yet
unknown, mechanisms. The protective effect of this melatonin precursor on the
pancreas could be related, at least in part to the modulation of immune defence
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of an organism and to the activation of antioxidative properties of the pancreatic
tissue.

Acknowledgement: This study was supported by State Committee of Research Grant no 4 p05
B 061 19.

REFERENCES

1. Lerner AB, Case JD, Takahashi Y et al. Isolation of melatonin, pineal factor that ligtens
melanocytes. J Am Chem Soc 1958; 80: 2587.

2. Sugden D. Melatonin biosynthesis in the mammalian pineal gland. Experientia 1989; 45: 922-
931.

3. Zawilska JB, Nowak JZ. Regulatory mechnisms in melatonin biosynthesis in retina. Neurochem
Int 1992; 20: 32-36.

4. Heuther G. Melatonin synthesis in the gastrointestinal tract and the impact of nutricial factors
on circulating melatonin. Ann N Y Acad Sci USA 1994; 719: 146-158.

5. Bubenik GA. Gastrointestinal melatonin: localization, function and clinical relevance. Dig Dis
Sci 2002; 47(10): 2336-2348.

6. Morgan PJ, Barrett P, Howell HE, Helliwell R. Melatonin receptor localisation, molecular
pharmacology and physiological significance. Neurochem Int 1994; 24: 101-146.

7. Blumenau C, Berger E, Fauteck JD et al. Expression and functional characterisation of the mt1
melatonin receptor from rat brain in Xenopus oocytes: evidence for coupling to the
phosphoinositol pathway. J Pineal Res 2001; 30(3): 139-146.

8. Yu ZH, Yuan H, Lu Y, Pang SF. 2-[125]-jodomelatonin bindings sites in spleens of birds and
mammals. Neurosci Lett 1991; 125: 175-178.

9. Song Y, Tam PC, Poon AM et al. 2-[125]-jodomelatonin binding sites in the human kidney and
the effect of guanosine 5'-O-(thiotriphosphate). J Clin Endocrinol Metab 1995; 80: 1560-1565.

10. Lee PP, Shiu SY, Chow PH, Pang SF. Regional and diurnal studies of melatonin and melatonin
bindings sites in the duck gastro-intestinal tract. Biol Signals 1995; 4(4): 212-224.

11. Peschke E, Fauteck JD, Musshoff U et al. Evidence for melatonin receptor within pancreatic
islets of neonate rats: functional, autoradiographic and molecular investigation. J Pineal Res
2000; 28(3): 156-164.

12. Peschke E, Peschke D. Evidence for circadian rhytm of insulin release from perfused rat
pancreatic islets. Diabetology 1998; 41(9): 1085-1092.

13. Peschke E, Muhlbauer E, Musshoff U et al. Receptor MT 1 mediated influence of melatonin on
cAMP concentration and insulin secretion of rat insulinoma cells INS-1. J Pineal Res 2002;
3(2): 63-71.

14. Reiter RJ, Tang L, Garcia JJ, Munoz-Hoyos A. Pharmacological actions of melatonin in oxygen
radical pathophysiology. Life Sci 1997; 60(25): 2255-2271.

15. Pieri C, Moroni F, Marra M et al. Melatonin is an efficient antioxidant. Arch Gerontol Geriatics
1995; 20: 159-165.

16. Brzozowski T, Konturek PCh, Konturek SJ et al. The role of melatonin and L-tryptophan in
prevention of acute gastric lesion induced by stress, ethanol, ischemia and aspirin. J Pineal Res
1997; 23: 79-89.

17. Jaworek J, Bonior J, Leja-Szpak A et al. Sensory nerves in central and peripheral control of
pancreatic integrity by leptin and melatonin. J Physiol Pharmacol 2002; 53; 1: 51-74.

252



18. Jaworek J, Bonior J, Tomaszewska R et al. Involvement of cyclooxygenase-derived
prostaglandin E2 and nitric oxide in the protection of rat pancreas afforded by low dose of
lipopolisaccharides. J Physiol Pharmacol 2001; 52: 107-126.

19. Jaworek J, Bonior J, Pierzchalski P et al. Leptin protects the pancreas from its damage induced
by caerulein overstimulation by modulation of cytokine production. Pancreatology 2002; 2: 89-
99.

20. Jaworek J, Konturek SJ, Leja-Szpak A et al. Role of endogenous melatonin and its MT2 receptor
in the modulation of caerulein-induced pancreatitis in the rat. J Physiol Pharmacol 2002; 53(4):
791-804.

21. Jaworek J, Leja-Szpak A, Bonior J et al. Protective effect of melatonin and its precursor L-
tryptophan on acute pancreatitis induced by caerulein overstimulation or ischemia/reperfusion.
J Pineal Res 2003; 34(1): 40-52.

22. Guice KS, Miller DE, Oldham KT et al. Superoxide dismutase and catalase. A possible role in
established pancreatitis. Am J Surg 1986; 151: 163-167.

23. Konturek PC, Konturek SJ, Brzozowski T et al. Gastroprotective activity of melatonin and its
precursor, L-tryptophan, against stress-induced and ischaemia-induced lesions is mediated by
scavenge of oxygen radicals. Scand J Gastroenterol 1997; 32(5): 433-438.

24. Kwiecieñ S, Brzozowski T, Konturek PC, Pawlik MW, Kwiecieñ N, Konturek SJ. The role of
reactive oxygen species and capsaicin-sensitive sensory nerves in the pathomechanism of
gastric ulcers induced by stress. J Physiol Pharmacol 2003; 54(3): 423-437.

25. Sanfey H, Bulkley GB, Cameron JL. The role of oxygen derived free radicals in the
pathogenesis of acute pancreatitis. Ann Surg 1984; 200: 405-413.

26. D¹browski A, Konturek SJ, Konturek JW, Gabryelewicz A. Role of oxidative stress in the
pathogenesis of caerulein-induced acute pancreatitis. Eur J Pharmacol 1999; 377: 1-11.

27. Tan DX, Manchester LC, Reiter RJ et al. A novel melatonin metabolite, cyclic 3-
hydroxymelatonin: a biomarker of in vivo hydroxyl radical generation. Biochem Biophys Res
Commun 1998; 253: 614-620.

28. Reiter RJ, Tan DX, et al. The oxidant/antioxidant network: role of melatonin. Biol Signals
Recept 1999b; 8: 53-63.

29. Watanabe S, Togashi S, Takakashi N, Fukui T. L-tryptophan as an antioxidant in human
placenta extract. J Nutr Sci Vitaminol 2002; 48(1): 36-39.

30. Tan DX, Manchester LC, Reiter RJ et al. Melatonin supresses antioxidation and hydrogen
peroxide-induced lipid peroxidation in monkey brain homogenate. Neuroendocrinol Lett 2000;
21(5): 361-365.

31. Burkart V, Koike TH, Brenner H, Kolb H. Oxygen radical generated by the enzyme xanthine
oxidase lyse rat pancreatic islet cells in vitro. Diabetologia 1992; 35: 1028-1034.

32. Kaneto H, Fujii J, Seo HG et al. Apoptotic cell death triggered by nitric oxide in pancreatic β-
cells. Diabetes 1995; 44: 733-738.

33. Ebelt H, Peschke D, Bromme HJ et al. Influence of melatonin on free radical-induced changes
in rat pancreatic beta-cells in vitro. J Pineal Res 2000; 28: 65-72.

34. Sanfey H, Bulkley GB, Cameron JL. The pathogenesis of acute pancreatitis: the source and role
of oxygen derived free radicals in three different experimental models. Ann Surg 1985; 201:
633.

35. Kato K, Asai S, Murai I et al. Melatonin's gastroprotective and antistress roles involve both
central and peripheral effects. J Gastroenterol 2001; 36: 91-95.

36. Rodriguez-Reynoso S, Leal C, Portilla E et al. Effect of exogenous melatonin on hepatic
energetic status during ischemia-reperfusion: possible role of tumor necrosis factor alpha and
nitric oxide. J Surg Res 2001; 100: 141-149.

253



37. Lissoni P. The pineal gland as a central regulator of cytokine network. Neuroendocrinol Lett
1999; 20(6): 343-349.

38. Sharman KG, Sharman EH, Yang E, Bondy SC. Dietary melatonin selectively reverses age-
related changes in cortical cytokine mRNA levels, and their responses to an inflammatory
stimulus. Neurobiol Aging 2002; 23(4): 633-638.

39. Shafer LL, McNulty JA, Young MR. Assessment of melatonin's ability to regulate cytokine
production by macrophage and microglia cell types. J Neuroimmunol 2001; 120(1-2): 84-93.

40. Kulwein E, Irwin M. Melatonin modulation of lymphocyte proliferation and Th1/Th2 cytokine
expression. J Neuroimmunol 2001; 117(1-2): 51-57.

R e c e i v e d : February 10, 2004
A c c e p t e d : March 1, 2004

Adress correspondence to: Jolanta Jaworek MD PhD, Chair of Physiology Jagiellonian
University CM, Grzegórzecka Street 16, 31-531 Kraków, Poland, phone: +48+12 424-72-30,
fax: +48 +12 421-15-78
E-mail: mpjawore@cyf-kr.edu.pl

254


