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Background: Continuous light or darkness has various effects on different systems. In the

present research work, the effects of constant light and darkness exposure of male rats and

oral administration of exogenous melatonin on the serum levels of melatonin have been

studied.

Methods: Thirty adult male Wistar rats were divided into six groups of: (1) Control, (2)

melatonin, (3) light, (4) light and melatonin, (5) darkness, and (6) darkness and melatonin.

All groups were placed according to light conditions for 10 days. Melatonin was adminis-

tered orally after a period of 10 days to Groups 2, 4, and 6 (10 mg/kg of body weight). Serum

levels of melatonin were measured using ELISA.

Results: The results showed the significant difference on serum melatonin in darkness, no

light, and control groups. Although serum levels of melatonin were different in melatonin

groups, the difference is not significant.

Conclusions: We concluded that being exposed to continuous darkness leads to an increase

in serum melatonin.
Pineal, a small gland located deep inside the brain, has been a

topic of discussion for decades. Many physiologists have

represented it as a member of the nonperformance organ or

limited to the effects on sleep and sexual activity, or the place

of the spirit. However, recently, researchers have considered

its effects on various physiological procedures [1,2]. After the

extraction of pineal melatonin by Lerner et al., new re-

searchers have conducted studies in the field [3]. Melatonin,

produced by the pinealocytes, enters the circulation as an

endocrine hormone and binds to receptors on a variety of
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target tissues to exert their physiological responses [4].

Because pineal melatonin production occurs during the dark

phase and is acutely suppressed by light, and also, since

melatonin is quickly cleared from the circulation following

the cessation of its production, the time, and duration of the

melatonin peak reflect the environmental night period [5].

Plasma melatonin exhibits a circadian rhythm with high

levels at night, and low levels during the day, attaining peak

concentrations of plasma melatonin between 02:00 and 04:00

am. Longer nights result in the longer duration of melatonin
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secretion [5]. Some studies have been carried out on various

effects of long-term exposure to light and darkness. Exposure

to continuous darkness shortened the duration of gestation

[6]. The marked tendency to deliver during the daytime was

not influenced by exposure to continuous darkness but was

completely abolished by constant light [6]. A nyctohemeral

variation of hypothalamic thyrotropin-releasing hormone

(TRH) was observed in lightedark exposed animals, while this

variationwas abolished by exposure either to constant light or

constant darkness. These data indicate that any study

involving hypothalamic TRH determination should be

consider the diurnal variation and the effect of environmental

light exposure [7]. When compared with the rats exposed to

normal lighting rhythm, continuous darkness exposure

resulted in a decrease in the thyroid activity as well as a

remarkable decrease in gonadal activity in male rats

[8].However, what is the influence of continuous light, dark-

ness and exogenous melatonin on serum levels of melatonin?

Is it similar to circadian rhythm or not? In the current study,

we are going to answer this question.
Methods

In this study, 30 adult malesWistar rats weighing between 250

and300gwentunder thetests.Ratswererandomlydivided into

6 groupsof 5 andwereplaced in special cages. For compatibility

with the new environment, rats were under normal condition

of light and darkness for a week (12:12) and the temperature

rangeof 22e24 �Cwith freeaccess towater and food. Theywent

under the tests considering an institutional protocol in accor-

dance with ethical principles approved by the Ethical Com-

mittee at the Yasuj University of Medical Sciences.

Animals were categorized into six groups of: (1) Control, (2)

melatonin, (3) light, (4) light and melatonin, (5) darkness, and

(6) darkness and melatonin. All groups were placed according

to light conditions for 10 days.

Melatonin

Melatonin was administered orally after a period of 10 days to

Groups 2, 4, and 6 (10mg/kg of bodyweight) [9]. Melatoninwas

prepared from SigmaeAldrich (USA) in the form of 1 g powder

dissolved in distilled water (2 mg/ml).

Preparation of blood samples

Rats were anesthetized and blood samples were taken from

the heart, after 10 days in Groups 1, 3, and 5, and 1 h after the

administration of melatonin in Groups 2, 4, and 6. All of

samples were collected morning from 8 to 10 immediately

after bring out from the experiment. Five milliliter blood was

taken from the heart after anesthetization of the rats by ether,

and spilled in the tube and stored at room temperature for

10e20 min to be clotted. Then, the centrifuge was performed

(20 min, 2000e3000 rpm) and the obtained serum was poured

in microtubes with lid and it was transferred into the 20 �C
freezer so that all samples were collected and sent to lab for

testing. Serum levels of melatonin were measured by using

ELISA (Glory-Science USA).
ELISA method

ELISA was performed in 96-well plates and serum was incu-

bated in a well. After a certain time, the serum was removed

andweakly adherent antibodies werewashed off with a series

of buffer rinses. To detect the bound antibodies, a secondary

antibody was added to each well.

Attached to the secondary antibody is an enzyme such as

peroxidase or alkaline phosphatase. These enzymes can

metabolize colorless substrates into colored products. After

an incubation period, the secondary antibody solution was

removed and loosely adherent ones were washed off as

before. The final step was the addition of enzyme substrate

and the production of the colored product in wells with sec-

ondary antibodies bound. When the enzyme reaction was

complete, the entire plate was placed into a plate reader and

the optical density was determined for each well. The level of

the color produced was proportional to the level of the pri-

mary antibody bound to the proteins on the bottom of the

wells.

Statistics

ANOVA and post-hoc Tukey's test were used for analyzing. All

data were expressed as Mean and standard error. The median

withminimumandmaximumalso presented and p< 0.05was

considered as the significant level.
Results

The results showed a significant difference in serum mela-

tonin levels of the six subgroups [p < 0.05, Table 1]. One-way

ANOVA test was used for comparing the subgroups of con-

trol (without melatonin) in three main groups (control, light,

and darkness) to investigate the effect of light on serum

melatonin. Results indicated significant differences between

darkness, no light, and control groups [p < 0.05, Table 1, Fig. 1].

Thus, continuous darkness leads to increasing the melatonin

serum levels. Furthermore, serum levels of melatonin were

significantly different in light and dark melatonin groups

compared to control group [p < 0.05, Table 1, Fig. 1].
Discussion

This study showed that continuous darkness (with and

without oral administration of melatonin) caused an increase

in serum melatonin levels. Results also demonstrated that

long-term light with orally melatonin, not light alone, leads to

an increase in serum levels of melatonin. One of the primary

findings concerning the melatonin production in the pineal is

that this process of production is initiated at the beginning of

the evening and the peak occurs in themiddle of the night [10].

However, what happens when the brightness or darkness

lasts long? In a period of 45 days of continuous contact to light,

the volume of nuclei, Golgi, and mitochondria decreased in

the pineal gland cells. However, most of these changes

returned to a normal condition after 90 days [11]. In another

study on male rats, the effect of continuous light was
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Fig. 1 e Serum levels of melatonin (ng/L) in different groups (*vs. Control p < 0.05).

Table 1 e Serum levels of melatonin (ng/L) in different groups.

Groups Mean SE Median Minimum Maximum p

Control 278.48 27.5 265.50 208.30 375.10 e

Melatonin 284.64 22.8 284.80 228.00 346.40 0.086

Lightness 288.44 21.35 316.20 216.80 343.90 0.090

Lightness þ melatonin 312.40a 21.09 306.70 263.20 382.90 0.045

Darkness 306.46a 30.48 321.80 192.90 371.10 0.048

Darkness þ melatonin 314.92a 20.57 330.6 259.50 374.20 0.039

a Versus control. Abbreviation: SE: Standard error.
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investigated on the pineal gland for 48 h. The results indicated

a decrease in the number of Golgi bodies, endoplasmic retic-

ulum, and some other intracellular organelles in the pineal

gland during the early hours of uninterrupted light. However,

24 h later, the pineal secretory activity increased, while the

cell structure and overall structure of the pineal gland

returned to normal 30 days later [12]. In another study, the

effect of continuous light on retinal nerve track to pineal

showed that sympathetic activity in this pathway has

considerably reduced. Furthermore, the extent of pineal

axonal proteins faced a sharp reduction. Researchers in this

study showed that the deactivation of sympathetic activity

induces the suppression of pineal activity [13].

Other researchers have shown that the activity of pineal

retinal nerve track at night is suppressed by continues light,

which inhibits the release of norepinephrine in synaptic ter-

minals of this track [14].

Summing up these studies suggests that continuous light

suppresses the activity of pineal. However, it will return to

normal after a certain period of time. This finding confirms the

results of the current study. According to the results of the

current study, it can be argued that the lack of change in

serummelatonin after prolonged exposure to light is probably

due to compensatory function of other producing and

secreting organs of melatonin. Some research works,

including the current study, show that a 10-day period of

continuous darkness leads to the effective production of

endogenous melatonin [15]. In another study, plasma mela-

tonin level increased by 10 days of continuous darkness [16].

Thus, it can be concluded that long periods of darkness result
in high levels of plasmamelatonin, which would not return to

normal levels, unlike the long brightness condition.

Our data also indicated that oral administration of mela-

tonin alone would not change the serum levels of melatonin,

while they could increase in prolonged light or darkness as a

consequence of compensatory hyperfunction of other organs

producing melatonin [17] rather than pineal [18].

Conclusion

It could be concluded that continuous darkness leads to the

increase of serum melatonin, while constant light has no in-

fluence due to its compensation by other organs.
Source of support

Nil.
Conflicts of interest

None declared.
r e f e r e n c e s

[1] Hall JH. Guyton and Hall textbook of medical physiology.
12th ed. Philadelphia: Saunders Elsevier; 2011. p. 986.

http://refhub.elsevier.com/S2319-4170(16)00023-8/sref1
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref1
http://dx.doi.org/10.1016/j.bj.2015.09.003
http://dx.doi.org/10.1016/j.bj.2015.09.003


b i om e d i c a l j o u r n a l 3 9 ( 2 0 1 6 ) 8 1e8 484
[2] Mulder H, Nagorny CL, Lyssenko V, Groop L. Melatonin
receptors in pancreatic islets: good morning to a novel type 2
diabetes gene. Diabetologia 2009;52:1240e9.

[3] Lerner AB, Case JD, Takahashi Y. Isolation of melatonin and
5-methoxyindole-3-acetic acid from bovine pineal glands. J
Biol Chem 1960;235:1992e7.

[4] Wiechmann AF, Sherry DM. Role of melatonin and its
receptors in the vertebrate retina. Int Rev Cell Mol Biol
2013;300:211e42.

[5] Cardinali DP, P�evet P. Basic aspects of melatonin action.
Sleep Med Rev 1998;2:175e90.

[6] Nir I, Hirschmann N. Effect of constant light and darkness on
pituitary and serum gonadotropin and sex hormone levels of
parturient rats. J Neural Transm 1982;55:157e68.

[7] Martino E, Bambini G, Vaudagna G, Breccia M, Baschieri L.
Effects of continuous light and dark exposure on
hypothalamic thyrotropin-releasing hormone in rats. J
Endocrinol Invest 1985;8:31e3.

[8] Olatunji-Bello II , Sofola OA. Effect of continuous light and
darkness exposures on the pituitary-gonadal axis and
thyroid activity in male rats. Afr J Biomed Res 2001;4:119e22.

[9] Agil A, Rosado I, Ruiz R, Figueroa A, Zen N, Fern�andez-
V�azquez G. Melatonin improves glucose homeostasis in
young Zucker diabetic fatty rats. J Pineal Res 2012;52:203e10.

[10] Reiter RJ, Tan DX, Fuentes-Broto L. Melatonin: a multitasking
molecule. Prog Brain Res 2010;181:127e51. http://dx.doi.org/
10.1016/S0079-6123(08)81008-4.
[11] Gerasimov AV, Logvinov SV, Kostyuchenko VP.
Morphological changes in the pineal gland of rats under
conditions of long-term exposure to bright light. Bull Exp Biol
Med 2010;150:86e8.

[12] Logvinov SV, Gerasimov AV, Kostiuchenko VP. Ultrastructure
of the pinealocytes in rats exposed to light and radiation.
Morfologia 2004;125:71e5.

[13] Calinescu AA, Liu T, Wang MM, Borjigin J. Transsynaptic
activity-dependent regulation of axon branching and
neurotrophin expression in vivo. J Neurosci
2011;31:12708e15.

[14] Drijfhout WJ, van der Linde AG, de Vries JB, Grol CJ,
Westerink BH. Microdialysis reveals dynamics of coupling
between noradrenaline release and melatonin secretion in
conscious rats. Neurosci Lett 1996;202:185e8.

[15] Lopez-Gonzalez MA, Guerrero JM, Delgado F. Presence of the
pineal hormone melatonin in rat cochlea: its variations with
lighting conditions. Neurosci Lett 1997;238:81e3.

[16] Ayhan IC, Toyran N, Gundogan UN. Exposure to continuous
darkness leads to atypical symptoms of seasonal affective
disorder in rats. Turk J Med Sci 2010;40:271e7.

[17] Pandi-Perumal SR, Srinivasan V, Maestroni GJ, Cardinali DP,
Poeggeler B, Hardeland R. Melatonin: nature's most versatile
biological signal? FEBS J 2006;273:2813e38.

[18] Farhadi N, Oryan S, Nabiuni M. Serum levels of melatonin
and cytokines in multiple sclerosis. Biomed J 2014;37:90e2.

http://refhub.elsevier.com/S2319-4170(16)00023-8/sref2
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref2
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref2
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref2
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref3
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref3
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref3
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref3
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref4
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref4
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref4
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref4
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref5
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref5
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref5
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref5
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref6
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref6
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref6
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref6
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref7
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref7
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref7
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref7
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref7
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref8
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref8
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref8
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref8
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref9
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref9
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref9
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref9
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref9
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref9
http://dx.doi.org/10.1016/S0079-6123(08)81008-4
http://dx.doi.org/10.1016/S0079-6123(08)81008-4
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref11
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref11
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref11
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref11
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref11
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref12
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref12
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref12
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref12
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref13
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref13
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref13
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref13
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref13
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref14
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref14
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref14
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref14
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref14
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref15
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref15
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref15
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref15
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref16
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref16
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref16
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref16
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref17
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref17
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref17
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref17
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref18
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref18
http://refhub.elsevier.com/S2319-4170(16)00023-8/sref18
http://dx.doi.org/10.1016/j.bj.2015.09.003
http://dx.doi.org/10.1016/j.bj.2015.09.003

	Effects of long-term light, darkness and oral administration of melatonin on serum levels of melatonin
	Methods
	Melatonin
	Preparation of blood samples
	ELISA method
	Statistics

	Results
	Discussion
	Conclusion

	Source of support
	Conflicts of interest
	References


