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Melatonin – a versatile substance not only 
for sleep disorders

Philipp Gebhardt

Melatonin is a hormone synthesized and released by cells 
in the pineal gland. It controls the day-night rhythm of the 
human body and promotes sleep. The European Food Safety 
Authority (EFSA) considers it scientifically proven that mela-
tonin helps to alleviate the subjective sensation of jet lag 
and to reduce the time it takes to fall asleep. Melatonin 
also has endocrine effects and affects the functioning of the 
immune system. Current scientific studies have shown posi-
tive effects on various diseases.

The endogenous hormone melatonin is formed from serotonin by 
the pineal cells of the epiphysis (Fig. 1). Melatonin synchronizes 
the organism to the 24-hour rhythm of day and night. The synthesis 
and release of the hormone are stimulated by darkness. The blood 
concentration increases during the night, the maximum is reached 
around three o'clock in the morning (Fig. 2). In children, values can 
be measured about twelve times higher at night than during the day. 
With increasing age, less melatonin is formed (Fig. 3). Melatonin is 
a natural antagonist of the stress hormone cortisol. Reduced mela-
tonin formation is associated with sleep disorders or disorders of the 
sleep-wake cycle. (1)

Fig. 1: Melatonin is formed from serotonin in the 
epiphysis located in the  
diencephalon. The activity of certain enzymes 
involved in melatonin synthesis is indirectly 
dependent on daylight.
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Melatonin in insomnia

Sleep is vital for the regeneration of body and 
mind. A good and restful sleep is important 
for our daytime well-being and our perfor-
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mance, both mentally and physically. Sleep 
is also very important for learning. During 
sleep, processes take place that consolidate 
what has been learned. Sleep disorders lead 
to reduced performance and tiredness during 
the day, irritable mood and disturbances in 
attention and concentration. According to 
this, about 10 % of adults in industrialized 
countries suffer from chronic insomnia symp-
toms, which are characterized by difficulty 
falling asleep, sleeping through the night or 
only superficial and non-restorative sleep. (3) 
It has been proven that sleep disorders impair 
the function of the immune system and 
increase the risk of heart attacks, heart failure 
and high blood pressure in the long term.

Due to its chronobiological effect, melatonin is 
being studied for the treatment of sleep disor-
ders and as a natural sleep aid. According to a 
review that evaluated the data of 1,683 partic-
ipants, melatonin can contribute significantly 

Fig. 3: The formation of melatonin varies with 
age. The highest concentrations are reached 
during early childhood. With increasing age, less 
melatonin is produced. From the age of about 55 
years, only low levels can be measured. (2)
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Fig. 2: The synthesis of melatonin is inhibited 
by light and stimulated by darkness. The highest 
concentrations are reached around midnight. 
During the second half of the night, the concen-
trations fall off. (2)
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to reducing the time it takes to fall asleep as 
well as increasing sleep time. Longer use and 
a higher dosage were associated with greater 
effects. The use of melatonin also led to a 
significant improvement in sleep quality. (4) 
It has also been shown that melatonin can 
reduce disturbances in the sleep-wake cycle 
after long-haul flights (jet lag). (5) In clinical 
practice, melatonin has also proven itself as a 
suitable substance for inducing sleep in chil-
dren with psychomotor disorders. Significant 
improvements in terms of sleep duration and 
sleep quality could be demonstrated. (6)

Melatonin as an antioxidant

As highly reactive intermediate products of 
the metabolism, free radicals damage the 
body's own tissues. It is assumed that corre-
sponding damage to the DNA can also lead 
to degenerative diseases or cancer. Melatonin 
forms a direct radical scavenger for oxygen 
and nitrogen radicals, which is charac terized 
by the fact that the resulting metabolites can 
also neutralize radicals. This property is called 
a cascade reaction and makes melatonin a 
particularly potent antioxidant. In addition, 
melatonin seems to significantly improve the 
body's antioxi dant capacity, as it positively 
influences both the cellular formation and the 
activity of antioxidant enzymes. (7)

Effect on the mitochondria

Mitochondria are cell organelles in which the 
oxidative phosphorylation, the generation 
of energy with oxygen consumption, takes 
place. The number of mitochondria per cell is 
typically in the order of 1000 to 2000, with a 
volume fraction of about 25 %. While 2 moles 

of adenosine triphosphate (ATP) per mole of 
glucose can be obtained through anaerobic 
fermentation, aerobic energy generation via 
the respiratory chain located in the mitochon-
dria enables 36 moles of ATP per mole of 
glucose. Due to the high efficiency of oxida-
tive phosphorylation, more than 90 % of the 
organism's energy is formed in the mitochon-
dria. Since ATP cannot be stored in significant 
amounts, it has to be constantly regenerated 
from ADP in the cells. The daily conversion of 
ATP is in the range of a person's body weight. 
Mitochondria are believed to have been incor-
porated into more developed cells during 
evolution as bacterial symbionts. Mitochon-
dria have their own genome, which is sensitive 
to oxidative damage due to its simple struc-
ture. Damage to the mitochondrial genome 
results in reduced energy production and is 
associated with the increased occurrence of 
chronic diseases in old age.

Melatonin concentrations are about 100 
times higher in mitochondria than in plasma. 
(8) Melatonin plays a special role in the mito-
chondria because it protects a special phos-
pholipid, cardiolipin, from reactive oxygen 
radicals. (9)

Cardiolipin is the only phospholipid synthe-
sized exclusively in the mitochondria. It is 
stored in the inner mitochondrial membrane 
and serves to stabilize the respiratory chain 
complexes. According to recent findings, 
cardiolipin helps to give the membrane a 
specific shape, which is also required for the 
efficient functioning of a transport protein 
called Aac2. Aac2 transports ADP into the 
mitochondria and ATP out of the mitochon-
dria (Fig. 4). (10)

Fig. 4: Mitochondria are cell organelles enclosed by a double membrane. The inner membrane carries 
the respiratory chain complexes. These are proteins that catalyse oxidative phosphorylation, the pro-
duction of energy while consuming oxygen. The transport protein Aac2, which transports ADP into the 
mitochondria and transports ATP out of the mitochondria, is also stored in the inner membrane.
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Accordingly, for example, an interruption in the blood supply or the 
restoration of blood flow to tissues that have not been supplied with 
blood or only insufficiently supplied with blood for a certain period of 
time leads to increased oxygen radical formation in the affected mito-
chondria and to oxidative damage to cardiolipin. (11)

Corresponding damage occurs after strokes, heart attacks or vascular 
surgery. In this context, melatonin supplementation can reduce the 
severity of the so-called reperfusion damage. (12)

Melatonin in cancer

Melatonin is also being studied for its anti-cancer properties, as low 
levels of melatonin are associated with an increased incidence of 
certain cancers. (13) In addition to its antioxidant effects, melatonin 
modulates oestrogen and androgen activity, has an immunomodula-
tory effect, and inhibits the growth and proliferation of cancer cells. 
(14) A meta-analysis on complementary cancer therapy showed a 
33 % lower mortality rate after evaluating the data of 643 study-partici-
pants, without melatonin intake being associated with significant side 
effects. (15) A similar result was confirmed in a more recent review 
with 3,697 participants. (16) It could also be shown that supplemen-
tation can significantly reduce fatigue as a result of cancer or chem-
otherapy and radio therapy. (17)

Melatonin in type 2 diabetes mellitus

About 90 % of diabetes cases can be assigned to diabetes mellitus 
type 2. In contrast to type 1, which is based on an absolute lack 
of insulin, in type 2 insulin is still present, but it cannot work prop-
erly on the receptors of the target cells (insulin resistance). Since the 
absorption of glucose from the blood into insulin-dependent cells is 
inhibited, there is a lack of energy in the appropriate tissues. The 
concentration of glucose in the blood is elevated. As a result, sugar 
increasingly reacts with endogenous proteins, resulting in so-called 
glycosylation products. A glycosylation product of haemoglobin, the 
so-called HbA1c, is used in diabetic patients as a marker for the 
quality of blood sugar control over the last 8–12 weeks. The glycosyla-
tion products are broken down by the immune system, resulting in 
inflammatory reactions with increased formation of oxygen radicals. 
This sets the stage for macro- and microvascular damage leading to 
the complications of the disease. (18) In Germany, the preva lence 
of type 2 diabetes mellitus among 55–74-year-olds is in the range 
of 15 %, so that in this age group almost every seventh person is 
affected by the disease. It is assumed that the number of diabetics 
will continue to increase.

Compared to healthy people, melatonin production is reduced in type 
2 diabetics. It was shown that melatonin can have a positive effect on 
certain blood levels in those affected. In a study, 64 type 2 diabetics 
received 6 mg of melatonin each day. After six weeks, significantly 
lower blood sugar levels and HbA1c values could be measured in 
the participants compared to taking a placebo. Levels of high-density 

lipoprotein (HDL), which transports excess 
cholesterol from blood vessel walls back to 
the liver, also increased significantly. (19) A 
similar study was also able to show that mela-
tonin can contribute to lowering the blood 
pressure in diabetic patients. (20) Beneficial 
effects on the blood sugar level, the HbA1c 
value and the severity of the insulin resist-
ance could also be confirmed in a review 
article. According to this, a dietary melatonin 
supplement can significantly improve certain 
blood values of type 2 diabetics. (21)

Increase in bioavailability through 
liposomes

Melatonin is also found in plant foods like 
cranberries, pistachios, and cherries. In this 
form, however, the active ingredient is only 
available to a small extent for most organs. 
Like melatonin taken in the form of capsules 
or tablets, it is absorbed from our food in the 
small intestine and reaches the liver via the 
portal vein. In the liver, the major part of the 
active substance is degraded. As a result, 
only a small part of the ingested dose can 
be distributed in the body (Fig. 5). A modern 
alternative with significantly better bioavaila-
bility is offered by so-called liposomal formu-
lations, which contain the active ingredient in 
tiny droplets covered with a double layer of 

Fig. 5: Melatonin is already oxidized by CYP 
enzymes in the intestine and thus broken down. 
Further biotransformation takes place by CYP 
enzymes and conjugation reactions in the liver. 
Most of the absorbed dose is rendered ineffective 
during the first passage through the liver (“first-
pass effect”).
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phospholipids. Phospholipids are a natural 
component of bile that improves the absorp-
tion of nutrients. Melatonin supplied in lipo-
somal form can be absorbed much better in 
the small intestine. However, a relevant part 
of the active ingredient is already absorbed 
through the oral mucosa, so that the passage 
through the liver via the portal vein is 
bypassed and a significantly larger part can 
reach the organs of the body. Because of its 
good bioavailability, liposomal melatonin is 
particularly recommended.

Conclusion

Although the sleep-inducing effect of mela-
tonin is not comparable to the effectiveness 
of a pharmacological treatment, the active 
substance is particularly suitable for thera-
peutic use since no serious side effects are to 
be expected. In insomnia, the effect should 
set in after two to three weeks with regular 
use. If the sleep disturbances persist after this 
time, cognitive behavioural therapy or drug 
therapy under medical supervision may be 
necessary. In addition to its use as a natural 
sleeping aid, studies show promising effects 
on reperfusion damage, type 2 diabetes 
mellitus and cancer. Melatonin in the form 
of capsules or tablets is mostly broken down 
during the first passage through the liver. 
Therefore, liposomal melatonin formulations 
should be preferred as food supplements, 
because they stand out regarding their good 
bioavailability. In this form, a relevant amount 
of melatonin is already absorbed through 
the oral mucosa, passing by its degradation 
in the liver. Melatonin should be taken just 
before bedtime so that it can support the 
natural sleep-wake cycle.
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