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Abstract OBJECTIVES : The pineal gland transduces photoperiodic informations to the 
neuroendocrine axis through the nocturnally melatonin secretion. This hor-
monal message plays a major role in the biological rhythm regulation. By auto-
radiography, more than 130 melatonin putative targets have been reported in 
the central nervous system (CNS) and in peripheral tissues. However, cross-
species consensus concern only a few of them like the suprachiasmatic nuclei 
(SCN), the master circadian clock, and the pars tuberalis of the pituitary. 
Recently, MT1 melatonin receptor cDNA have been cloned in several mammals 
providing us with new tools to investigate its tissular location at the gene level. 
In the present study, we report a screening for MT1 mRNA by RT-PCR amplifi -
cation of numerous tissue mRNA. 
METHOD : mRNA were extracted from a large variety of rat tissues. To semi-
quantify the melatonin receptor mRNA expression level, each cDNA was ampli-
fi ed concomitantly with both β-actin and MT1 specifi c primers. 
RESULTS : In central and peripheral tissues previously reported to bind melato-
nin, strong PCR signals were logically observed. More surprisingly, a vast major-
ity of studied tissues express MT1 mRNA and then might be responsive to mela-
tonin. 
CONCLUSION : Numerous biological functions express diurnal rhythmicity and 
internal-synchronization. As, most of them apparently do not receive any out-
coming neuronal message from the SCN, endocrine communication was proposed 
to support biological rhythm synchronization. Our present data strengthen the 
idea that the nocturnally restricted melatonin secretion could be one internal 
zeitgeber that putatively distributes the endogenous circadian rhythmicity to all 
tissues expressing melatonin receptors.
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Introduction 

Rhythmicity is a fundamental endogenous property 
of living organisms as it provides the living beings 
with the possibility to anticipate on incoming periodi-
cal events. Photoperiodic daily and seasonal variations 
are the major cues implicated in the synchronization of 
endogenous rhythmicity with environmental changes. 
In the pineal gland, the ambient lighting condition 
changes are transduced into an endocrine message: 
the secretion of melatonin [1]. Melatonin synthesis is 
nocturnally restricted, and its duration is proportional 
to the length of the night, refl ecting therefore annual 
photoperiodic changes [1, 2]. Therefore, the melatonin 
secretion pattern provides both a daily and seasonal 
endocrine message, and it is now well established that 
these messages are directly involved in the regulation 
of both mammalian circadian and seasonal biological 
rhythms [1, 2, 3]. 

As an hormone, melatonin is supposed to deliver 
its endocrine message to any tissue expressing its own 
receptors. Over the past 15 years, melatonin receptors, 
and especially their tissular detection, have been exten-
sively studied. At fi rst, autoradiographic methods to 
detect melatonin receptors were developed by using 
2–125iodo-melatonin as a radioligand [4]. However, this 
melatonin agonist is up to date the only radioligand 
available, which considerably limited achievement of 
exhaustive mappings of the melatonin receptor tissular 
distribution. Indeed, even if more than 130 melatonin 
binding site exhibiting areas have been detected in the 
central nervous system (CNS), the most striking evi-
dence raised by comparing the published mappings is 
the great variability among species [5, 6, 7, 8, 9]. Two 
structures only have been reported to be almost consis-
tently labeled in all mammalian species: the pars tube-
ralis (PT) of the pituitary, which exhibits the highest 
density of melatonin receptors [7, 8, 10] and is impli-
cated in mediating melatonin photoperiodic effects on 
the neuroendocrine system [10, 11] and the suprachias-
matic nuclei (SCN), which is the site of the circadian 
biological clock.

In 1994 and 1995, two mammalian receptor sub-
types with high-affi nity for melatonin have been cloned 
and characterized [12, 13] and are now referenced as 
MT1 and MT2 receptors. When expressed in trans-
fected cells, these subtypes exhibit the pharmacological 
and functional characteristics of the 2-iodo-melatonin 
binding sites described so far [14], and MT1 mRNA 
was clearly reported to be expressed in the PT and 
the SCN [12, 15]. On the other hand, targeted molec-
ular disruption of the MT1 receptor in mice resulted 
in the total disappearance of 2-iodo-melatonin binding 
in brain tissues, in particular in the SCN [16]. Fur-
thermore, 4P-PDOT and 4P-ADOT, that specifi cally 
displace 2-iodo-melatonin binding from MT2 binding 
sites expressed in transfected cells [17], do not displace 
2-iodo-melatonin binding in SCN slices [18]. Therefore, 
to date, MT1 mRNA is the only mRNA that can be 
correlated to the well known 2-iodo-melatonin bind-
ing sites. Several investigations have been conducted 

to characterize by in situ hybridization the tissues 
expressing the MT1 mRNA. However, only tissues pre-
viously known to express strong 2-iodo-melatonin bind-
ing were shown to present detectable MT1 antisense 
riboprobe hybridization, such as PT, SCN, paraven-
tricular nuclei of the thalamus or cerebellum [12, 19]. 
In the present study, we decided to reevaluate the 
inventory of the central and peripheral rat tissues that 
express MT1 by a highly sensitive RT-PCR method. 

Materials And Methods

Animals

Male young adult Wistar rats (200–250 g, Faculté 
de Médecine, Strasbourg, France) were kept from birth 
in a 12 h light/12 h dark regime (12L/12D). A dim red 
light remained on throughout the 24 h period. Food and 
water were provided ad libitum. 

cDNA isolation, RT-PCR

All the animals were sacrifi ced during the second 
part of the light period (5 hours before lights off). Cen-
tral and peripheral tissues were immediately dissected 
and frozen on dry ice. Total RNA was extracted using 
RNAble (Eurobio, France) according to the protocol of 
Chomczynski and Sacchi [20]. One µg of total RNA was 
reverse-transcribed in a reaction volume of 10 µl, con-
taining 2.5 µM of oligo dT, 250 µM of each dNTP (Euro-
bio, France), 200 units of M-MLV reverse transcriptase 
(Promega, France), 50 mM Tris-HCL (pH 7.5), 75 mM 
KCl, 3 mM MgCl2, 10 mM of dithiothreitol and 10 units 
of RNAsin ribonuclease inhibitor (Promega). The sam-
ples were incubated for 60 min at 37 °C and then at 
95 °C for 5 min. 

Typically, PCR reactions were carried out in a total 
volume of 25 µl. The PCR mixtures contained: 1 µl of 
cDNA, 100 µM of each dNTP, 10 mM Tris-HCL (pH 
9.0), 50 mM KCL, 0.1% Triton X-100, 1.5 mM MgCl2, 
0.5 µl S35 dATP (12.5 mCi/ml), (NEN, France) and 
0.625 units of Taq DNA Polymerase (Eurobio, France). 
In order to control for variations in cDNA synthesis 
and/or RNA preparations between samples, β-actin 
cDNA were simultaneously amplifi ed with MT1 cDNA. 
Therefore, both MT1 and β-actin primers were mixed 
together in each PCR reaction tubes. The MT1 prim-
ers were selected to allow the amplifi cation of a 375 bp 
specifi c product. The β-actin primers were selected to 
frame an intron domain in order to generate either a 
long PCR product in case on genomic DNA contami-
nation, or a 301 bp long PCR amplifi cation of β-actin 
cDNA. Several primer concentrations have been tested 
and fi nally all PCR reactions contained: 

1 µM of both MT1 upstream and downstream oligo-
nucleotide primers: TGCTACATTTGCCACAGTCTCA 
and CCAGCACAGGGCAAAAAGTA, respectively, and 
0.1µM of both upstream and downstream β-actin oli-
gonucleotide primers: TGAACCCTAAGGCCAGT and 
CGCACGATTTCCCTCTCAGC, respectively. The PCR 
conditions were: 94 °C, 3min and 32 cycles at 94 °C, 
1 min; 58 °C, 1 min; 72 °C, 1 min, followed by a 20 
min extension at 72 °C. Products were run on a 6% 
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polyacrylamide and 7M-urea gel at 50 °C. The gel was 
washed with acid acetic 10% and methanol 10%, then 
rinsed twice in water and dried 2 hours at 80 °C. The 
amplifi ed radio labeled products were revealed by auto-
radiography. Amplifi ed bands were semi-quantitative 
analyzed by using the computerized analysis system 
Biocom-program RAG 200 [15, 21]. Data normalization 
of MT1 cDNA abundance was carried out by calculat-
ing the product density ratios of MT1/β-actin signals. 

The whole procedure was repeated 6 times from 3 
independent lots of tissues. An independent series was 
treated with Rnase free Dnase (Promega, France) prior 
cDNA synthesis to clearly demonstrate that observed 
amplifi cations derived from real tissular MT1 mRNA 
expression and not from genomic DNA. All the results 
were expressed as mean ± SEM.

Results and discussion

The typical amplifi cation pattern that we observed 
on autoradiograms clearly showed that only two bands 
were observed after the 32 amplifi cation cycles, the 301 
bp and the 375 bp products resulting from β-actin and 
MT1 cDNA amplifi cation, respectively. The absence 
of smears, background, or even surnumerous amplifi -
cation products attest that the primer specifi city, the 
annealing temperature, the number of cycles and salt 
concentrations (especially Mg2+) were suitably selected 
(Fig. 1). 

Experiments have been carried out to check that 
the selected primer concentrations and annealing tem-
perature would guarantee that PCR experiments were 
conducted and stopped in the exponential phase of the 
amplifi cation. 

The β-actin amplifi cation pattern appeared to be 
highly reproducible between samples and independent 
experiments, attesting that cDNA MT1 amplifi cation 

level variations that we observed between the differ-
ent tested tissues were not due to cDNA synthesis vari-
ations. Therefore, the absence of MT1 amplifi cation 
product at the end of the PCR amplifi cation clearly sig-
nifi es that MT1 mRNA level in the starting tissue sam-
ples is either absent or below the detection limit. On the 
other hand, PCR positive results could signify genomic 
DNA contamination in the extracted total RNA. β-actin 
primers were selected to span an intron boundary in 
order to allow detection of genomic DNA contami-
nation [22]. The band that would witness DNA con-
tamination, was never observed in any tissue sample. 
However, a complete set of total RNA was treated 
with RNAse free DNAse prior cDNA synthesis. The 
obtained amplifi cation pattern was similar for DNAse 
treated and untreated RNAs. Direct PCR product 
sequencing reactions were carried out to check the 
identity of the predicted 375 bp MT1 amplifi cation 
product. Therefore, positive or negative results, we 
observed on PAGE gels, really attest the presence or 
the absence of MT1 mRNA expression in the starting 
tissue samples, respectively. 

Quantitative estimation of MT1 PCR products was 
normalized by calculating the ratio between MT1/β-
actin PCR amplifi cation level (Fig. 2). There is, how-
ever, no precise evidence attesting that an housekeep-
ing gene like β-actin has the same mRNA expression 
level in all the tissues. Actually, our repetitive experi-
ments showed that slight β-actin mRNA expression tis-
sular variations do exist, but that they are however 
strongly weaker than MT1 mRNA expression inter-tis-
sular variations. Therefore, even if normalizing quanti-
tative estimation of MT1 PCR by calculating the MT1/
β-actin ratios does not provide an absolute quantifi ca-
tion of inter-tissular MT1 mRNA expression level, we 
nevertheless used this tool to classify the different tis-
sues in 4 different categories: tissues with strong, mid-

MT1

β-actin

Fig 1. Electrophoretic mobility of MT1 and β-actin S35-dATP radiolabeled RT-PCR fragments amplifi ed from cDNA transcribed 
from total RNA extracted from different rat tissues. The cDNA were synthesized with reverse transcriptase using oligo dT. 
PCR parameters and gel electrophoresis conditions are described in the text.

issues by alphabetical order and their corresponding electrophoresis pattern number: 
Adenohypophysis: 1; Adrenal glands: 35; Area postrema: 2; Blood: 32; Bone Marrow: 39; Brown fat: 17; Caudal artery: 3; 
Cerebellum: 5; Colon: 7; Duodenum: 10; Entorhinal cortex: 8; Epididymis: 11; Harderian gland: 18; Heart: 6; Ileon: 19; 
Kidney: 30; Liver: 13; Lung: 27; Muscle: 21; Neurohypophysis: 22; Occipital cortex: 9; Olfactory bulb: 4; Pancreas: 23; Pars 
tuberalis: 24; Pineal gland: 26; Prostate: 27; Retina: 31; SCN: 33; Seminal glands: 34; Skin: 25; Spinal cord: 20; Spleen: 29; 
Stomach: 12; Superior cervical ganglia: 14; Salivary glands: 15; Testis: 36; Thymus: 37; Thyroid: 38; White fat: 16. 
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dle, low or no MT1 mRNA expression (Fig. 2). Surpris-
ingly, only very few tissues have no detectable MT1 
mRNA expression. Actually, among all the tested tis-
sues, only enthorhynal and occipital cortex never exhib-
ited any MT1 cDNA amplifi cation signal.

Most of the tissues presenting a very high amplifi ca-
tion signal, (listed in Fig. 2), were previously reported to 
bind specifi cally the 2-iodo-melatonin ligand. Particu-
larly, the PT of the adenohypophysis, which is the tissue 
with the highest MT1 mRNA expression is also known 
to be the tissue with the highest melatonin receptor 
density. Data accumulated so far brought evidences 
that these receptors are implicated in mediating some 
of the photoperiodic effects on the neuroendocrine sys-
tem like the photoperiodic control of prolactin secretion 
[10]. The caudal artery is also known to be a clear mela-
tonin signal target as melatonin is known to potentiate 
adrenergic vasoconstrictor effect on the tail artery [23, 
24, 25]. In colonic tissues, the MT1 mRNA expression 
correlates with the high melatonin binding site density 
reported in both the mucosa, and the blood vessels of 
rodent and human colon sections [26]. At the present 
time, it is diffi cult to correlate these melatonin bind-
ing sites to any particular function of the melatonin 

signal. Indeed, data have suggested that melatonin 
could inhibit the spontaneous motility of rat intestine 
tissue through an indirect inhibition of the contractile 
response to serotonin [27, 28]. However, the large mela-
tonin concentrations requested to get these effects sug-
gest that they do not result from MT1 picomolar mel-
atonin receptor stimulation [26]. More surprinsingly, 
lung and heart expressed also very high MT1 mRNA. 
Indeed, until now, only bird lungs and hearts had been 
reported to putatively bind melatonin [29, 30]. The 
shared characteristics between colon, heart and lung 
is their high content in blood vessels, suggesting that 
MT1 mRNA expression positive signal in these tissues 
could be interpreted as vascular melatonin receptors. 
The pineal gland presents also a quite strong PCR sig-
nal. This endocrine organ is known to present a high 
melatonin receptor density at birth [31], but the recep-
tor density decreases rapidly afterwards, and in adult 
any signal is detected by classical autoradiographic 
methodology [31]. This situation is quite similar with 
melatonin receptor expression in the SCN of the Syr-
ian hamster, where a severe loss of receptor is observed 
in adulthood, even if the MT1 mRNA is still largely 
expressed [32]. 
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Fig. 2. Expression of the MT1 melatonin receptor subtype mRNA in rat various tissues. The values are expressed 
as a ratio between the optical density of the MT1 and β-actin PCR amplifi cation signal. Values are the mean 
± SEM of 6 independent PCR amplifi cations. The number below the axis bar refers to tissue names listed below. 
Tissues with a high, middle or low amplifi cation level were arbitrary defi ne with a ratio value above 2, between 
1 and 2, or below 1 respectively. 
1: Adenohypophysis; 2: Area postrema; 3: Cerebellum; 4: Superior cervical ganglia; 5: Entorhinal cortex; 6: Neuro-
hypophysis; 7: Occipital cortex; 8: Olfactory bulb; 9: Pars tuberalis; 10: Pineal gland; 11: Retina; 12: Spinal 
cord; 13: Suprachiasmatic nuclei; 14: Blood; 15: Caudal artery; 16: Heart; 17: Lung; 18: Spleen; 19: Colon; 
20: Duodenum; 21: Ileon; 22: Liver; 23: Pancreas; 24: Salivary glands; 25: Stomach; 26: Prostate; 27: Seminal 
glands; 28: Epididymis; 29: Testis; 30: Bone Marrow; 31: Brown fat; 32: Harderian gland; 33: Kidney; 34: Skin; 
35: Squeletic muscle; 36: Adrenal glands; 37: Thymus; 38: Thyroid; 39: White fat.
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Among all the other tissues exhibiting either mid-
dle or low MT1 cDNA amplifi cation signal are previ-
ously described binding melatonin tissues such as pitu-
itary, area postrema, cerebellum, olfactive bulbs, retina, 
spinal cord, SCN, spleen, prostate, epididymis, testis, 
thymus, harderian and adrenal glands [7, 9]. How-
ever, some new putative targets of the melatonin signal 
which are detected in this study have to be added to 
this non exhaustive list such as liver, pancreas, sali-
vary and seminal glands, bone narrow, fatty tissues, 
kidney, squeletic muscle and thyroid. Actually, at a fi rst 
glance, the most intriguing results is that the SCN, one 
of the most studied melatonin target, does not belong to 
the tissues with the highest MT1 cDNA amplifi cation. 
However, among all the tested tissues, the SCN belongs 
to the few whose dissection into a pure preparation is 
rendered very diffi cult due to the minute size of these 
cerebral nuclei. Therefore, the SCN specifi c cDNA con-
centration submitted to the MT1 primers is decreased 
by non SCN mRNA in the total RNA extracted from 
explants, which could explain the obtained results.

The main question raised by our data is the signifi -
cance of the expression of MT1 mRNA in almost all 
the rat tissues tested. Melatonin is known to play a 
major role in regulating several circadian and seasonal 
rhythms. In the SCN and PT, well known melatonin 
responsive tissues, precise actions of melatonin have 
been established, even if the underlying mechanisms 
are not yet elucidated. The same holds true for the well 
characterized action of melatonin in potentiating the 
norepinephrine induced blood vessel vasoconstriction. 
In all the other tissues, many role have been proposed, 
but the real physiological function of the melatonin 
hormone remains speculative. In some way, until now, 
each new discovered melatonin target had to be pre-
sented with its particular role in decoding the mela-
tonin message. Actually, new discoveries in biological 
rhythmicity should invite us to investigate the mela-
tonin message function on different basis. Our data 
clearly suggest that the vast majority of the mamma-
lian tissues might be responsive to melatonin. The 
recently discovered clock genes, which are the molec-
ular basis of the SCN circadian oscillation [33], are 
not actually restricted to the circadian biological clock. 
They are also expressed in a vast variety of tissues such 
as heart, liver, retina, PT, fi broblast, etc [34]. However, 
their specifi city in the SCN is to generate circadian 
oscillations which persists for long times in vitro [33] 
while in other tissues, they generally oscillate on a cir-
cadian basis for a only few days [35]. It thus seems that 
intra-tissular oscillation loops in these tissues requires 
an external zeitgeber to both maintain the oscillation, 
and synchronize it with the whole body time, since 
most biological parameters appear to be synchronized 
together. However, most of them apparently do not 
receive any SCN out-coming neuronal message sug-
gesting a endocrine synchronizing message. The mel-
atonin hormone could be one internal zeitgeber that 
distributes the endogenous circadian rhythmicity orig-
inating in the SCN. As its secretion is nocturnally 
restricted melatonin could distribute the day/night 

information to all tissues that putatively express its 
receptors. Our present data support the idea that the 
number of both central and peripheric structures which 
receive this temporal message is extremely large. 

In a large majority of the tissues studied by PCR, 
the attempt to detect MT1 mRNA by in situ hybridiza-
tion failed. From the general opinion, the MT1 mRNA 
expression level is very low, making diffi cult to differen-
tiate specifi c signal from background noise. The appar-
ent discrepancy between the high melatonin receptor 
density measured for example in the rodent PT and the 
apparently low MT1 mRNA expression level [15, 36] 
could be explained by a long half-life of the melatonin 
receptor. Pilot experiments using antisense oligonucle-
otide invalidation of MT1 melatonin receptor were car-
ried out in the SCN of the Siberian hamster which lacks 
the MT2 melatonin receptor subtype [37]. The SCN 
melatonin binding sites expressed in the Siberian ham-
ster are then only due to MT1 mRNA translation. We 
observed that daily injections of oligonucleotides for 7 
days decreased the melatonin receptor density in all 
the injected animals, but only by 30%, strongly sug-
gesting that the melatonin receptor is a very stable pro-
tein (Fig. 3). Continuous renewal of the protein might 
therefore only require a quite low MT1 mRNA expres-
sion level which would explain the encountered diffi -
culties to detect MT1 mRNA by in situ hybridization. 
More than ever, new specifi c pharmacological tools are 
required to investigate widely the physiological func-
tion of the pineal hormone melatonin, and especially to 

Melatonin receptor tissular localization

Fig. 3. In antisense experiments, injection cannula (fi nal ex-
ternal and internal diameters were 150 and 53 µm respectively) 
were implanted using standard stereotaxic procedures close by 
the SCN. Distribution of the antisense oligonucleotides was 
estimated after injecting fl uorescein labeled oligonucleotides 
(Molecular research Laboratories, LCC, USA). 
 Melatonin receptor density was measured in the SCN of Siberian 
hamster daily injected for 6 days with 1.5 µl of either a 
saline solution (control), a saline solutions containing 0.75 
nmol of a MT1 antisense (TGCTGCGAGGCATTGAGCAG) or a 
mismatch (TGGTGCGACGCTATGAGCAG) oligonucleotide, res-
pectively (Molecular research Laboratories, LCC, USA). Animals 
were sacrifi ced on day 7 at 2.00 pm. Autoradiographic procedu-
res were conducted as previously described [20, 29]. The results 
are expressed in fmol/mg of protein. Values are the mean ±  SEM 
of 7 animals.
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demonstrate its possible implication as a master endo-
crine internal synchronizer of biological rhythmic func-
tions.
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