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Abstract

Markova M., E. Adamekova, B. Bojkova, P. Kubatka, M. Kassayova, E.
Ahlersova, |. Ahlers: Effect of Low-dose Chronic Melatonin Administration on Metabolic
and Hormonal Variablesin Young Laboratory Rats. ActaVet. Brno 2004, 73: 445-453.

Theintroduction of melatonin (MEL) as adrug remains open due to insufficient data about the
effects of itslong-term administration on metabolism. We explored effects of MEL given for 26
weeks at low doses, 4 ug/ml of tap water, on selected metabolic and hormonal indices in young
female and male Sprague-Dawley rats.

Male and female rats aged 5 weeks were adapted to standard housing conditions and artificial
light regimen L:D = 12:12 h. The animals were fed standard laboratory diet and drank tap water
(controls) or MEL solution ad libitum. Body weight gain, food and water intake was regularly
recorded. Oral glucose tolerance tests (OGTTs) were carried out before and 24 weeks after MEL
administration. At the end of the experiment following an overnight fast the animals were
sacrificed, selected organs and tissues were weighed, selected metabolic indices and hormone
concentrations were determined in the serum, liver, heart muscle and bone marrow (femur).

Chronic MEL administration increased in females serum corticosterone concentration,
decreased glycogen concentration in the liver and heart muscle, increased triacylglycerol
concentration inthe bone marrow. Anincreased absoluteweight of periovarial fat and body weight
gainwerefound in last 5 weeks of the experiment. In males, MEL decreased insulin concentration
in the serum and body weight gain from week 2 to week 17 of its administration; it decreased
relative liver weight in males and females. MEL did not alter food or water intake in both sexes.
MEL treatment decreased glucose tolerance (i.e. reduced area under curve valuesin OGTTS) in
males and prolonged the return of afterload glycemiavaluesto initial level in females.

Alterations of carbohydrate metabolism regulation and of body weigth gain were found in both
sexes of young rats after long term melatonin administration.

Melatonin, long-term administration, metabolic indices, organ and body weights, males, females

Melatonin (MEL), the main product of the pineal gland, is alow molecular lipophilic
hormone, very old from the phylogenetic point of view. Its physiological effects are
pleiotropic and it isregarded as “regulator of regulators’ (Reiter 1991a). MEL functions
as an endogenous synchronizer of biological rhythms and modulates sleep. Therefore
exogenous MEL isadministered in the treatment of circadian rhythms and other functions
imbalances resulting from subsonic or supersonic travel through a varied number of time
zones, so called jet-lag syndrome and when working on shifts, so-called shift work-lag
syndrome. M EL modulatesfunctions of immune and endocrine system in the organism. Its
antioxidizing and oncostatic properties are well-known (Tan et al. 1993 ab; Hill and
Blask 1988). It displays a wide spectrum of metabolic and other physiological effects
including hypothermic, sedative, hypnotic, analgetic, myorelaxing, cardio- and
neuroprotective effects (Vijayalaxmi et a. 2002; Lagneux et a. 2000; Reiter et a.
1998).
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Theresults of studiesinvestigating MEL effect on carbohydrate and lipid metabolism in
experimental animals are controversial, glucose metabolism in particular. In certain studies
MEL increased glycemiainrats (Csaba and Barath 1971) and Syrian hamsters(Ortega-
Corona et a. 1991) while in the others did not alter it (Bailey et a. 1974) or, on the
contrary, decreased it (lizuka 1996). MEL administration to pinealectomized rats had
similar ambiguouseffectsonglycemialevels(Milcu eta. 1971; CsabaandBarath 1971;
Diaz and Blazquez 1986). In rabbits MEL decreased basal plasmaglucose but increased
it after glucose load (Dhar et a. 1983). The effect of MEL on glucose level may be
explained by modification of insulin secretion and/or change of cell sensitivity to insulin.
The results in this area are also controversial as inhibitory (Peschke et al. 1997) or no
effects (Frankel and Strandberg, 1991) of MEL on insulin secretion from isolated
pancreatic isletsin rats and mice were described. Bizot-Espiard et al. (1998) foundin an
in vivo study that glycemia decrease after insulin load was not affected by MEL
administration or pinealectomy, pinealectomy did not significantly alter basal glucose and
insulin concentration in the plasma or hepatic glucose and its utilization by tissues when
compared with sham-operated rats. MEL is assumed to act directly on target cells e.g.
hepatocytes and pancreatic B-cells (Acuna-Castroviejo et a. 1994; Peschke et a.
2000) and it is possible that MEL and the pineal gland affect glucose metabolism through
modulation of activity of suprachiasmatic hypothalamic nucleus (Margraf and Lynch
1993). Effect of exogenous MEL on lipid parameters was more exactly defined. In
genetically and diet-induced hypercholesterolemic rats MEL administration decreased
serum cholesterol (Aoyama et al. 1988; Mori et a. 1989). Esquifino et a. (1997)
recorded a decrease in cholesterol in the serum, liver, adrenal glands and testes after pineal
extract administration to hyperprolactinemic rats while pinealectomy had the opposite
effect. Pharmacol ogical dosesof MEL administered in tap water during aperiod of 3 months
reduced increased concentrations of total and LDL-cholesterol and increased plasmaHDL-
cholesterol in young rats fed hypercholesterolemic diet. MEL aso decreased
malondialdehyde and 4-hydroxyalkenal content in the liver, brain and spleen in rats fed
hypercholesterolemic and normal diet (Hoyos et a. 2000). Single subcutaneous MEL
administration at a dose of 1 mg/kg body weight increased concentration of total, free,
esterified and HDL cholesterol and decreased thelevel of freefatty acidsin the blood of rats
(Fabis et a. 2002). Mechanism of MEL effects on cholesterol metabolism remains
unknown. MEL is assumed to affect cholesterol metabolism via influence on cytokine
secretion from macrophages - e.g. interleukin 2 (M orrey et a. 1994; Garcia-Maurifio
et al. 1997, 1998).

Thisstudy isafoll ow-up research of metabolic effectsof MEL (4 pg/ml tap water) administered
for 10 weeks to Sprague-Dawley rats of both sexes aged 5 weeks (M arkové et a. 2003). It is
focused on metabalic effects of MEL administered for 26 weeks to young Sprague-Dawley rats
including effects on organ weights, adiposeintraabdomina tissue and body weight gain.

Materialsand methods

Female and male Sprague-Dawley rats (SD) (Faculty of Medicine, P.J. Safarik University, Kogice, Slovak
Republic) aged 36-37 days, weighing 115-140 g were used in the experiment. The animal swere adapted to standard
housing conditions (temperature 23 + 2 °C, relative humidity 60-70%); artificial light:dark regimen LD 12:12, with
lightson at 07.00 h, with intensity 150 lux per cage (TESLA, fluorescent lamps, 40 W). Theratswere fed standard
MP laboratory diet (Top-Dovo, Dobra voda, Slovak Republic), drank tap water and MEL solution, respectively,
ad libitum. Threeto five rats were housed per cage.

MEL (Sigma, Diesenhofen, Germany) was administered in tap water at a concentration of 4 mg/ml
discontinuously —from 03.00 h to 08.00 h —in the period of increased sensitivity of the organism to MEL (from
08.00 hto 03.00 h the animal swere drinking tap water) for the period of 26 weeks. Ten mg of MEL were dissolved
in 0.2 ml of 30% ethanol and mixed up with tap water to the required concentration. The solution of MEL was
freshly prepared three times a week. The bottles with MEL solution were covered with a dark foil. The drinking
water of control group contained 0.01% ethanol.
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Theanimasweredivided into 4 groups. females and malesthat were administered MEL (MEL -treated females, MEL -
trested maes, 9 animals in each group) and control females and males that were not treated with MEL (CONT females,
CONT mades, 7 animasper group). Theratswereweighed twiceaweek and onceamonth daily food and water intakewas
observed (atota of 5 measurements). Ora glucose tolerance tests (OGTTs) were carried out before MEL administration
and 24 weekstheredfter asfollows: 1 gof glucoseper 1 kg of body weight in 20% sol utionwasadministered intragastrically
to animals following overnight fasting. Twenty-five ml of the blood was collected from rat tail vein before glucose
administration and 15, 30, 60 and 120 minutes after glucose load. Glucose concentration was determined enzymeticaly in
the blood and presented as graphs. The OGT Tswere evauated by cal culation of areaunder curve (AUC) according to the
formula: AUC (mmol/h) = (Gy#+2G3;+3G55+3Gg+ Gy )4 Where G-G, , are the respective blood glucose values. After
26weeksfollowingoverni ghtfastingtheammalsweresacrifioedbqucké]%ocapitati onbetween08.00hand 11.00 h; selected
organs (liver, heart muscle, spleen, thymus, adrend glands) and whitefat (periovaria and epididymal) were weighed and
thefollowing parameterswere determined in the serum, liver, heart muscle and bone marrow (femur):

- in the serum from mixed blood: concentrations of glucose, triacylglycerals, total cholesterol, phospholipids,
corticosterone and insulin.

- in the liver: concentrations/contents of glycogen, triacylglycerols, total cholesterol, phospholipids,
malondialdehyde (as an indicator of lipoperoxidation).

- in the bone marrow: concentration of triacylglycerols, phospholipids and mal ondial dehyde.

- inthe heart muscle: glycogen concentration/content.

Phospholipids were measured from lipid phosphorus according to Bartlett (1959), total cholesterol according
toZlatkisetal. (1953), glycogenaccordingto Roe and D ai l ey (1966), malondial dehydewasmeasuredinreaction
with thiobarbituric acid (Satch 1978), for triacylglycerol and glucose measurement commercial sets of Lachema
(Brno, Czech Republic) were used, insulin by radioimmunoassay with the use of commercial set of Linco Research
(St. Charles, MO, USA), corticosterone was measured using fluorimetry according to Guillemin et a. (1958).

Resultswerestatigtically evaluated by one-way andysisof varianceand Kruskal-Wallistest. Thecriterion for thechoice of
relevant test wastheva ueof Bartlet’ snumber. Dataarepresented asmeans+ standard error of themean (SE.M) and significant
differencesbetween groupsas. * (a) for p< 0.05; * * (b) for p<0.01; * * * (¢) for p< 0.001.

The experiment was carried out from May to November.

Results

During theexperiment food and water intakein MEL treated femalesand malesdid not differ
from the controls. An average daily food and water intake was higher in malesin both groups
thaninfemalesin both groups. Food intake (g): CONT males27.6 £ 0.8 vsCONT females22.5
+ 1.7 (p< 0.05); MEL treated males 26.9 + 0.8 vs MEL treated females21.4+ 1.6 (p < 0.05).
Water intake respectively MEL solution (ml): CONT males39.3+ 1.5vs CONT females 29.1
+0.8(p<0.001); MEL treated males40.8 + 1.3vsMEL treated femaes29.6 + 0.3 (p < 0.001).
Mean daily MEL intakeinfemaleswas 118.5 ug andinmales 163.1 ug. An averagefinal body
weight (g) in male rats of both groups was significantly higher than in females of both groups
(CONT males347.6+ 16.0vsCONT femaes159.1+ 6.7 (p< 0.001); MEL treated males 348.2
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173.1+ 5.1 (p< 0.001). Twenty
six weeks MEL administration
prominently increased absolute
weight of the periovarial fat in
femaes (Table 2) together with
their body weight from day 144
to day 182 of the experiment
(Fig. 1). Body weight of MEL
treated maes significantly
reduced from day 14 to day 116;
in the following period the body
welght wascomparabl eto that of
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Fig. 1. The effect of 26-week-long M EL administration on body weight
of male and female Sprague-Dawley rats

Datain Fig. 1 are expressed as means + SEM. Significant differences
between groups are designed as: afor p < 0.05; b for p< 0.01; cforp <
0.001 (MEL-group vs CONT-group), CONT-control, MEL-melatonin.

controls (Fig. 1). The weight of
epididymal fat was not
significantly influenced by MEL
compared to controls (Table 2).
Chronic MEL administration
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Tablel
The effect of 26-week-long MEL administration on selected metabolic parameters

CONT-femalerats MEL-femaerats CONT-maerats MEL-malerats

n=7 n=9 n=7 n=9
SERUM
GLU (mmol/l) 6.17 £ 0.46 7.14+ 0.66 6.47 £ 0.32 5.63+0.31
TAG (mmol/l) 0.62+0.05 0.65+ 0.05 0.52+0.03 0.59+ 0.06
CH (mmol/l) 1.44+0.09 1.38+0.06 0.96 £ 0.04 0.93+0.03
PL (mmol/l) 212+0.13 2.03+£0.07 1.13+0.11 1.08 £ 0.06
CTS (pmol/ml) 350.43+31.43 761.05+119.38*  286.12+ 64.37 255.99 + 31.32
INS (ng/ml) 0.34+£0.03 0.28+ 0.05 0.40+0.08 0.24+0.03*
LIVER
GLY (xmol/g) 5.22+0.36 3.59+0.48* 350+ 0.51 347+0.35
TAG (xmol/g) 53.23+5.83 46.39 + 4.02 44.87 + 6.63 44.24 + 5.06
CH (xmol/g) 21.37+1.08 19.63+0.35 19.27£1.06 20.18+0.90
PL (xmol/g) 4452+ 1.78 4398+ 1.61 46.70+0.71 4547 +0.91
MDA (nmol/g) 19.28 + 2.68 14.83+1.98 12.46 + 2.16 14.97+1.76
BONE MARROW
TAG (xmol/g) 55.60 £ 20.19 120.81+ 16.54* 80.68 + 15.05 106.55 + 23.89
PL (xmol/g) 16.69 £ 0.76 16.33+£0.51 14.76 £ 0.98 15.18 £ 0.60
MDA (nmol/g) 56.45+ 4.54 57.16+£8.73 43.62 + 16.00 34.62 + 3.66
HEART MUSCLE
GLY (xmol/g) 8.30+1.26 512+ 0.61* 6.92+0.94 7.61+0.45

Data in Table 1 are expressed as means + SEM, significant differences between groups are designed as *
for p < 0.05 (MEL-group vs CONT-group). Abbreviations: CONT-controls, MEL-melatonin, GLU-glucose,
GLY-glycogen, TAG-triacylglycerols, CH-cholesterol, PL-phospholipids, MDA-malondialdehyde, CTS-
-corticosterone, INS-insulin, n-number of animalsin groups.

significantly increased corticosterone concentration in the serum as well as concentration of
triacylglycerolsinthe bone marrow and decreased glycogen concentrationintheliver and heart
muscle in females. MEL decreased insulin concentration in the serum in males significantly
(Table 1). MEL significantly decreased relative weight of the liver in both females and males;
the weights of the other organs were not significantly changed (Table 2). Twenty-four weeks
lasting MEL administration modified the curves of OGTTs in males in which significant

reduction of AUC (p < 0.01) was noticed

75 :
= (Fig. 3, Table 3). InfemalesMEL prolonged
§ 7 the return of glycemiato theinitia level in
E &5 OGTTs but did not change the values of
g . AUC (Fig. 2, Table 3).
£
g 55 Discussion
S s In the experiments, preceding this study,
g us | MEL was administered to male and female
’ Sprague-Dawley rats aged 5 weeks a the
41 concentration 4 pug/ml in tap water over 2.5
35 ‘ , : months. In males MEL decreased the
0 B megmny 120 concentration of serum triacylglycerols and

FioL 2. Th . OGTTsi ol and MEL glycogen liver content, reduced weights of
ig. 2. The course of average sin control an s<verd organ ididvmal fat and
treated femal e Sprague Dawley rats. weight ai% ?nc?peeseddy liver pho! hotl)?%
Datain Fig. 2 are expressed asmeans + SEM . gt g N phosp p
Abbreviations: GLU-glucose, CONT-controls (n = 6), content, weight of the heart muscle and

MEL-melatonin (n = 9). periovarid fat without any changes in body
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Table2
The effect of 26-week-long MEL administration on weights of selected organs and tissues
CONT-femalerats  MEL-femaderats CONT-malerats MEL-malerats
n=7 n=9 n=7 n=9

LIVER
Absolute (g) 714 + 021 691 + 0.21 12.25 + 051 11.32 £ 0.36
relative (%) 2.88 + 0.132 52 + 0.07* 2.72 + 0.06 243 £ 0.07**
HEART MUSCLE
Absolute (mg) 741.00 + 19.43 769.44 + 16.83 1195.00 + 46.08 1204.33 + 36.75
relative (%) 0.30 + 0.008 0.28 + 0.008 0.27 + 0.004 0.26 + 0.009
SPLEEN
Absolute (mg) 481.14 + 34.69 489.56 + 26.57 740.57 + 56.07 752.67 + 45.23
relative (%) 0.19 + 0.01 0.18 + 0.009 0.16 + 0.01 0.16 + 0.008
THYMUS
Absolute (mg) 183.86 + 18.881 61.11 + 12.48 149.57 + 12.68 145.89 + 12.17
relative (%) 0.07 = 0.008 0.06 + 0.005 0.034 + 0.004 0.031 + 0.004
ADRENALS
Absolute (mg) 62.14 + 4.19 63.56 + 3.72 5043 = 252 5511 + 1.42
relative (%) 0.03 + 0.002 0.02 + 0.002 0.01 + 0.0005 0.01 + 0.0004
PERIOVARIAL
FAT
Absolute (g) 348 + 0.76 582 + 0.74* - -
relative (%) 1.35 + 0.26 211 + 0.25
EPIDIDYMAL FAT
Absolute (g) - - 4.07 = 0.62 321 + 024
relative (%) - - 0.89 + 0.13 0.69 + 0.05

Datain Table 2 are expressed asmeans + SEM, significant differences between groups are designed as: * * for
p <0.01; * for p < 0.05 (MEL-group vs CONT-group). Relative weight (%) = absolute weight (g or mg)/ body
weight x 100. MEL-melatonin,CONT-controls, n - number of animalsin groups.

weight gain when compared to controlswere recorded in MEL treated females. Normal glucose
tolerance after load prevailed in both sexes (M arkova et a. 2003). Prolonged period of MEL
adminigtration (26 weeks) to rats aged 5 weeks in the present experiment resulted in
modifications in carbohydrate metabolisn. Prolonged MEL trestment increased serum
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Fig. 3. The course of average OGTTsin control and MEL
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treated male Sprague-Dawley rats.

Datain Fig. 3 are expressed asmeans + SEM.
Abbreviations: GLU-glucose, CONT-controls (n = 7),
MEL-melatonin (n=9).

corticosterone concentration only in females.
In the experiments by Wol den-Hanson et
a. (2000) three months of MEL
adminigtration at low doses (0.4 pg/ml) intap
water toyoung Sprague-Dawley maleratsdid
not alter plasma corticosterone. However, in
10-month-old (middle-aged) rats MEL
restored morning concentration of the
aforementioned hormone to the vaues of
young animas. The authors associate the
above change with increased glucocorticoid
secretion due to MEL effect on the
hypothalamic-hypophyseal-adrenal axis and
decreased corticosterone clearance,
respectively. No bibliographical data were
available about the effect of prolonged
melatonin adminigtration  on  serum
corticosterone in femae rats. Dailly MEL
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Table3
Oral glucosetolerance test results: AUC in male and female SD rats after 24-week long MEL administration
CONT- MEL- CONT- MEL-
females females males males
(n=6) (n=9) (n=7) (n=9)
AUC
(mmol/h) 1550+ 1.85 15.74 £ 0.47 16.33+£0.50 14.33+£0.45

kk

Datain Table 3 are expressed as means + SEM, significant differences between groupu are designated as
** for p< 0.01. Abbreviations: AUC - areaunder the curve, CONT - controls, MEL - melatonin

administration for the period of 6 months did not significantly affect cortisol concentration in
older women (Pawlikowski et a. 2000).

Acute decrease in serum insulin in MEL treated males was found; thisfact is assumed to
be one of the reasons of impaired glucose tolerance after oral load. Decreased serum insulin
concentration after prolonged MEL administration to young rats of both sexes was not
observed by other authors (Rassmussen et al. 1999, 2001; Mustonen et a. 2002). In
middle-aged male Sprague-Dawley rats continuous MEL administration (4 pg/ml of tap
water) decreased age-associated increased plasma insulin and leptin concentration to the
values of young animals (Rassmussen et al. 1999, 2001; Wol den-Hanson et a. 2000).
Decreased serum insulin concentration may be attributed to inhibition of insulin secretion
by MEL as reported by Peschke et al. (1997, 2000) in pancreatic islets of healthy ratsin
the in vitro experiments. MEL released from subcutaneous implants decreased in young
diabetic male OLETF (Otsuka Long-Evans Tokushima Fatty) ratsincreased seruminsulin,
leptinand triacylglycerol concentration to the values of healthy controlsbut did not decrease
hyperglycemia (Nishida et a. 2002).

Insulin and leptin act centrally aslong-term food intake inhibitors and energy expenditure
enhancers in mammals (Williams et a. 2001). Twenty-six-week-lasting MEL
administration in the present study might have affected serum leptin concentration and
together with decreased insulin secretion (concentration) it might decrease the energy
expenditure. Increased weight of periovaria fat tissue was recorded as well as increased
body weight gainin MEL treated femal esin thelast stage of the experiment. In MEL treated
males decreased body weight settled to the level of controls from week 17 to the end of the
experiment (week 26).

MEL did not alter average food and water intake in males and females. In MEL -treated
malesand controlsaveragefood and water intakewas higher when comparedto MEL treated
females and control. Thisfact corresponds with their different mean body weight. Body fat
amount is considered the most important factor determining plasma leptin levels; thereis
a positive correlation between plasma leptin level and body mass index (M affei et a.
1995). The reason of sexually distinct response of intraabdominal fat tissue to exogenous
MEL in males and females in our experiments may have arisen from differencesin leptin
levels.

Chronic MEL administration to female rats prolonged the return of glycemia to the
starting level in OGTTs, the connection with increased serum corticosterone level might be
assumed. Decreased liver weight may be associated with decreased liver glycogen content
in females. Changes in carbohydrate metabolism in MEL treated males were more
outstanding than in femal es. Higher total intake of MEL in malesresulting from higher daily
intake of water could cause a decrease of serum insulin concentration (as reported by
Peschke et a. 1997, 2000). It resulted in decreased glucose tolerance, manifested as
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significant reduction of AUC-valuesin OGTTSs. Intravenous glucosetol erancetestsrealized
invarioustimesof day did not differ in non-influenced, pineal ectomized, mel atonin agonist-
or melatonin antagonist-treated young Wistar rats. In such acute experiments,
administration of melatonin agonist did not ater the basal levels of plasma glucose and
insulin nor the hepatic glucose production; pinealectomy as chronic melatonin deficiency
model did not produce changes of parameters observed, too (Bizot-Espiard et a. 1998).
Melatonin agonist or antagoni st administration during euglycemic-hyperinsulinemic clamp
in young Wistar rats did not change the fall of glycemia after insulin injection (Bizot-
Espiard et a. 1998).

Decreased liver weight in MEL treated males was not accompanied with its decreased
glycogen or lipid content. Lipid metabolism parametersin the serum, liver and bone marrow
in rats of both sexes were not changed by chronic MEL administration except increased
triacylglycerol concentration in the bone marrow in females.

Prolonged 26 weeks lasted MEL administration to young Sprague-Dawley rats of both
sexes in our experiments did not have the effect described by Rasmussen et al. (1999,
2001) and Wol den-Hanson et al. (2000) after long-term MEL administration to middle-
aged rats. We recorded alterations of carbohydrate metabolism parameters, associated with
different changes of body weight gain, in males and females.

Vplyv nizkych davok chronicky podavaného melatoninu na metabolické
a hormonalne parametre mladych laboratérnych potkanov

Otéazka dlhodobého pouZivania melatoninu (MEL) ako lieku ostdva stile otvorena pre
nedostato¢né udaje o jeho pdsobeni na metabolizmus. Skiimali sme u¢inky nizkych davok
MEL (4 pg/ml pitnej vody) podavaného 26 tyZdiiov mladym potkanom oboch pohlavi
kmena Sprague-Dawley na vybrané metabolické a hormondlne parametre.

Potkany vo veku 5 tyZdiiov boli adaptované na Standardné prostredie zvieratnika a umely
svetelny reZzim 12 h svetlo — 12 h tma (L:D = 12:12 h). Zvierata boli kfmené Standardnou
laboratérnou diétou a napdjané pitnou vodou (kontroly) alebo roztokom MEL ad libitum.
Pravidelne bol sledovany prirastok telesnej hmotnosti a prijem potravy a vody. Pred
aplikdciou MEL a po 24 tyzdiioch jeho podavania boli vykonané orilne glukézové
toleran¢né testy. Na konci pokusu sme zvieratd usmrtili rychlou dekapitidciou po no¢nom
hladovani, vybrané orgény a tkaniva sme zvazili, v sére, peCeni, srdcovom svale a kostnej
dreni (femur) sme stanovili koncentricie metabolickych parametrov a hormoénov.

U samic dlhodobé podivanie MEL zvyS$ilo koncentriciu kortikosteronu v sére
a triacylglycerolov v kostnej dreni, zniZilo koncentraciu glykogénu v peceni a srdcovom
svale. MEL zvy$il absolitnu hmotnost periovaridlneho tuku a telesnd hmotnost
v poslednych 5-ich tyzdiioch pokusu. U samcov MEL zniZil koncentraciu inzulinu v sére
a telesnt hmotnost od 2. do 17. tyZdiia podavania. U samcov a samic MEL zniZil relativnu
hmotnost pecene. Poddvanie MEL nezmenilo prijem potravy a vody u potkanov oboch
pohlavi. Podavanie MEL zniZilo u samcov toleranciu gluk6zy (zniZené hodnoty plochy pod
glykemickou krivkou) a prediZilo navrat hodnot glykémie po zataZi u samic.

Po dlhodobom podévani melatoninu mladym potkanom sme zaznamenali zmeny regulicie
glykémie resp. metabolizmu sacharidov a prirastku telesnej hmotnosti u potkanov oboch pohlavi.
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