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ABSTRACT
Stress is known to produce many effects on the body as 62 -free
radical  production,  hyperglycemia,  hypercholesterolemia  and

hypertriglyceridemia. Melatonin is known to be a highly efficient free
radical scavenger, it is also known to produce some metabolic changes.
Little is known about the role of melatonin in stress. The aim of the
present work was to study the effect of melatonin on stress induced C>2 -free
radical production, hyperglycemia, hypercholesterolemia and
hypertriglyceridemia. The results obtained showed that immobilization stress
caused a significant increase in the plasma level of ()2 -free radical, as
indicated by the plasma level of malondialdehyde (MDA), glucose,
cholesterol and triglycerides (P < 0.05). Melatonin administration prior to
stress caused a significant decrease in the stress-induced 62 free radical
production, (P < 0.01) while it has no significant effect on the stress
induced hyperglycemia, hypercholesterolemia and hypertriglyceridemia.
Thus, the present study might give a new meaning for the emerging role of
melatonin as anti-stress hormone.
INTRODUCTION AND AIM OF THE WORK

Stress is known to produce multiple effects in the body as
hyperglycemia'”, hypercholesterolemia and hypertriglyceridemia®®.
Recently stress was found to be one of the processes that generate free
radicals'”. These free radicals have received a great deal of investigative
interest because they exert extensive damage to cells, tissues and organs.

Melatonin is known to be highly efficient free radical scavenger in
different situations as ischemia reperfusion injury and ionizing
radiation’®. Melatonin also, is known to affect some metabolic parameters
as plasma glucose'® cholesterol* and triglyccrides®.

Little is known about the effect of melatonin on the stress-induced
02 -free radical production and metabolic changes.
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The aim of the present work is to study the effect of melatonin
administration on the stress-induced 62 free radical production (as ]
indicated by the level of plasma MDA) and stress induced hyperglycemia,
hypercholesterolemia and hypertriglyceridemia.

MATERIAL AND METHODS
Experimental animals:

Adult male albino rats weighing 150-250 grams without previous
preparation. Sample Collection:

Trunk blood was obtained by decapitating the rats after a blow on
the head without anaesthesia. The blood was collected in heparinized
tubes, then centrifugated. Plasma was separated and used for estimation of
malondialdehyde (a marker of lipid peroxidation) by the method of Draper
and Hadly®, glucose by the method of Trinder' ' , cholesterol by the
method of Stein'" and triglycerides by the method of Wahlefeld"?.

Design of the study:

Three groups were tested. All groups had free access to food and water.
Before decapitation to get the blood sample, rats were fasted for 12-18
hours with free access to water

Group I (control group): consisted of 7 rats that were saline injected.
Group II (Stress group): in which the effect of immobilization stress on
plasma O, -free radical production (indicated by MDA concentration),
plasma glucose, cholesterol and triglycerides were studied. The rats were
subjected to immobilization stress by tying them to a wooden board with
four limbs fully extended.

It was classified into 3 subgroups according to period of stress:

Group II a: in which 7 rats were stressed for !/- hour.

Group II b: in which 7 rats were stressed for 1 hour.

Group II c: in which 7 rats were stressed for 2 hours.

Group III: in which the effect of melalonin on stress induced O, - free

radical production, hyperglycemia and hyperlipidemia were studied,

Melatonin was injected intraperitonealy (I.P) at two doses; the first dose
was injected 1.0 hour before stress and the second dose was injected
immediately before stress.
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Depending on the dose of melatonin, this group was classified into
2 subgroups:

Group III a: in which 7 rats were injected melatonin at a dose 5 mg /kgm for
2 doses L.P, 1 hour before and immediately before stress, then
subjected to immobilization stress for 1 hour.

Group III b: in which 7 rats were injected melatonin at a dose 10 mg
/kgm for 2 doses L.P, 1 hour before and immediately before
stress, then subjected to immobilization stress for 1 hour.

Statistical analysis:

Student's t-test was used to compare the mean values. Differences
with P values < 0.05 were considered statistically significant.

RESULTS

* RITcct of stress on plasma MDA, glucose, cholesterol and triglyccrides:
(Table Dand(l'ig. 1,2,3,4).

Immobilization stress for 1/2 hour caused a significant increase in
plasma MDA (P < 0.05), glucose (p 0.001), cholesterol (P < 0.01) and
triglycerides(P<0.01).

Increasing the period of stress for 1 hour caused a more significant
increase in plasma MDA (P < 0.001), glucose (P < 0.001), cholesterol (P <
0.001) and triglycerides (P < 0.01).

When the duration of stress was increased to 2 hours, the increase was
more and more in plasma MDA (P < 0.001) glucose (p < 0.001) cholesterol
(P <0.001) and triglycerides (P < 0.001).

* Effect of melatonin on stress induced increase in plasma MDA, glucose,
cholesterol and triglycerides:

injecting rats intraperitonealy with melatonin at a dose of 5 mg
/kgm body weight for 2 doses 1 hour before and immediately before stress
caused a significant decrease in the stress-induced increase in plasma
MDA (P < 0.01) as compared with rat exposed to stress without melatonin
injection, but it caused no significant change in stress-induced increase in
plasma glucose, cholesterol and triglycerides (Table 2) and (fig. 5).

Increasing the dose of melatonin to 10 mg/kgm body weight caused a
more significant decrease in stress-induced increase in plasma MDA (P <
0.001) as compared with rats subjected to stress without melatonin
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prclrcalment but with no significant change in stress induced increase in
plasma glucose, cholesterol and triglycerides (Table 3) and (fig. 6)

Table (1): Mean Values, = SD of the effect of stress for 1/2 hour, one
hour and 2 hours on plasma MDA, Glucose, Cholesterol
and Trigylcerides compared with the control group.

Plasma ° Plasma Plasma Plasma
Parameters MDA Glucose cholesterol Triglycerides
) (nmol/ml) (mg/di) (mg/dl) (mg/dl)
Studied Group
Control (Non, stressed) | 503135 | 861486 | 91.9+9.1 62.9+7.0
groupn=7
_ 549+39 11418.7 115+10 75.7+7.3
Stress for !/2 hour n=7 P<0.05 P<0.001 P<0.01 P<0.01
65442 145+ 10 138483
Stress for 1.0 hour n=7 83.6 £8.3
P<0.001 P<0.001 P<0.001 P<0.01 192.9'
Stress for 2.0 hours 80+7.3 172.6 £7.9 165.7+6.2 +0.001
n=7 P<0.001 P<0.001 P<0.001 P<0.001

P: Probability versus Control group.

Table (2): Mean values, = SD of the effect of melatonin at dose 5 mg/kg
body weight on the stress-induced increase in plasma MDA,
glucose, cholesterol and triglycerides compared with rats under
stress for one hour without melatonin pretreatment.

" Siiodied groups Stgf)ggrﬁ’%‘;m be%ifggég(%ﬁﬁfn P
Plasma MDA (nmol/ml) 65.4 +4.2 58.143.3 <0.01
Plasma glucose Jmg/dl.) 145 +10 143 £9.2 RS
Plasma cholesterol (mg/dl) 138.6+8.3 135.7+7.9 N.S
Plasma triglycerides (mg/dl.) 23.6 483 819480 NS

N.S.: Non Significant

Table (3): Mean Values, + SD of the effect of Melatonin at dose 10 mg/kg
body weight on the stress-induced increase in plasma MDA,
glucose, cholesterole and triglycerides compared with rats
under stress for 1 hour without melatonin pretreatment.

] Stress for 1 hour | Melatonin 10 mg/kg P
Studied groups (group 1L, b) before stress (Group
Parameters 1i1b)

Plasma MDA (nmol/ml) 65.4+4.2 532429 <0.001
Plasma glucosejnig/dl.1 145 +10 141 49.1 N.S
Plasma cholesterol (mg/dl) 138.6 +8.3 133.2+8.5 N.S
Plasma triglycerides (mg/dl.) 83.6 +8.3 80.1 +8.1 N.S
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Fig.(1): Mean values of the effect of stress for 1/2 hour,
one hour and two hours on plasma MDA compared
wiht the control group
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Fig.(2): Mean values of the effect of stress for 1/2 hour.one hour and
two hours on plasma glucose compared with the control group
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Fig.(3): Mean values of the effect of stress for 1/2 hour, one hour .and
two hours on plasma cholesterol compared with the control group
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Fig.(4): Mean values of the effect of stress 1/2 hour, one hour
and two hours on plasma triglycerides compared with the
control group
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Fig. (6): Mean values of the effect of melatonin at 5 .0
mg/kg body weight on the stress-induced increase in plasma
MDA . glucose cholesterol and triglycerides compared with
rats under stress for one hour without melatonin pretreatment
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Fig.(6): Mean values of the effect of melatonin at 10 mg/kg body weight on the
stress - induced increase in plasma MDA . glucose, cholesterol and iglycendes
compared with rats under stress for one hour without melatonin
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DISCUSSION

Our results, showed that immobilization stress for different periods
caused a significant increase in 02 free radical production as indicated by
the plasma level of MDA (an oxidative stress marker). This finding was
reported previously by Hara et al.,”) who found that exhaustive stress in
the form of swimming increased lipid pcroxidation as a result of free
radical production and liu et al’® who reported that immobilization stress
induces generation of reactive oxygen species and decreases endogenous
antioxidant defenses.

Also, the present results showed that immobilization stress caused
a significant increase in plasma glucose level. This stress induced
hyperglycemia was reported by many authors in the different forms of
stress such as immobilization stress'*' ether stress"’ psychological
stress''” and water immersion stress''.

We found also, that immobilization stress caused a significant
increase in plasma cholesterol and triglycerides, this was confirmed by
many authors in different forms of stress e.g. immobilization stress™ and
psychological stress®.

The results of this work showed that melatonin reduced the
immobilization stress-induced 02 free radical production as indicated by
the decreased plasma level of MDA (an index of induced membrane
oxidative damage) in the melatonin injected rats compared with that
subjected to stress without pre-treatment with melatonin. This finding
proves that melatonin is one of the chief free radical scavengers and
antioxidants. In confirmation to our results, several works reported that
melatonin detoxify free radicals directly via electron donation such as the
highly toxic hydroxyl (OH) radical™ ® and peroxyl (Roo**) radical "
Additionally, other studies clone both in vitro and in vivo found that
melatonin protected cells, tissues and organs against oxidative damage
induced by a variety of free radical generating agents and processes e.g.
carcinogen safrole “*7?* lipopolysaccharide * ", ischemia-reperfusin
injury “, jonizing radiation ©' excessive® paraquate ®** and aging®**”,
Also, melatonin has been reported to alter the activities of enzymes which
improve the total antioxidative defense capacity of the organism e.g.
stimulate glutathione peroxidase enzyme which metabolizes
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hydroperoxides including hydrogen peroxides (H202), thereby reducing
the formation of the highly toxic (OH ) radical®” and inhibition of nitric
oxide synthase thus reduces the formation of the free radical nitric oxide
(32)

Our results showed that melatonin pre-treatment produced no
significant ciTect on immobilization stress-induced hypcrglycemia,
hypercholesterolemia and hypertriglyceridemia. Regarding the previous
reports on the effect of melatonin on plasma glucose level, it showed
marked controversy, some, like our results found that melatonin had no
significant effect on plasma glucose ©=¥. Others, reported that melatonin
decreases plasma glucose level®” and in contrast to this John et al.,*> and
Sandyk, ¢’ reported that melatonin caused significant increase in plasma
glucose level.

This controversy could be explained by the difference in the
experimental animal used as those who found melatonin had no effect on
plasma glucose used frogs ©* or a type of Japanese birds® and those who
found nn increase in plasma glucose as a result of melatonin administration
used pigeon’ but those who found that melatonin administration
decreases plasma glucose used mice or rats®?. This might raise the
possibly that the effect of melatonin on plasma glucose is species
dependant. It might be also explained by the difference in the experimental
model used as some studied the effect of melatonin on normal blood
glucose”. Others, studied the effects of melatonin on alloxan-indueed
hyperglycemia'>' and others studied its effect on the hyperglycemia-
induced by intracerebroventricular injection of 2 deoxy-D glucose and our
work was conducted on the stress - induced hyperglyemia. The
mechanism of hyperglycemia in each of these conditions is different.
Another explanation for this controversy is the difference in gonadal
function and environmental temperature during the time of the experiment.
Alonso- Bedate et al./’-' reported that inhibitory effect of melatonin on
plasma glucose could be observed only when gonadal function and
melatonin are stimulated by temperature.

In contrast to our results on the effect of melatonin on plasma
cholesterol, many authors found that melatonin lowers plasma cholesterol

level in hereditary hypercholesterolemia®®” in hypercholesterolemia
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resulting form fatty diet®® and in drug-induced hypercholesterolemia’”.
This contradiction might be due to the difference in the experimental
model of hypercholesterolemia as we used the stress - induced model.

In agreement with our results on the effect of melatonin on plasma
triglycerides, Sandyk and Awerbuch® found that serum triglycerides are
not affected 6y melatonin.

In conclusion: stress caused a significant increase in plasma MDA,
glucose, cholesterol and triglycerides. Plasma ML)A was significantly
decreased in rats injected by melatonin and the effect was dose-dependant.
Melatonin has no significant effect on plasma glucose, cholesterol and
triglycerides. So, melatonin is a good antioxidant.
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