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ABSTRACT

Melatonin is induced by light information through the retina and leads to growth factor activation. Thus, we
investigated the effects of melatonin by controlling the photoperiod of growing young rats. Male Sprague-Dawley
rats (n=6; 4 weeks old) were divided into two experimental groups: the L/D group (normal photoperiod; light/dark:
12/12 h; lights on at 9:00 a.m.) and the L/L group (light/light: 24 h). Rat body weight and food consumption were
measured daily for 8 weeks. After 8 weeks, the rats were anesthetized with a mixture of ketamine (50 mg/kg) and
xylazine (10 mg/kg) and sacrificed. Tissue was then collected for RNA isolation (from brain, heart, liver, kidney,
adrenal gland, testis, tibia, hind limb muscles). Also, serum was isolated from blood using a centrifugal separation.
The L/L group had significantly lower body weight than the L/D group from 4 to 6 weeks (p<0.05). The L/D group
had increased tissue mass, compared with the L/L group, but the difference was not statistically significant. The
L/D group had a significantly higher melatonin concentration than the L/L group between the hours of midnight
and 2:00 a.m (p<0.01). These results indicate that photoperiod length may affect the secretion of melatonin from
the pineal gland. Also, the reduction of nocturnal melatonin secretion may retard the development of growing
young rats. In future studies, we plan to compare exogenous melatonin administration with endogenous melatonin
concentration induced by photoperiod control. Moreover, we will confirm whether the effects seen in pathological
animal models can be reversed by controlling the photoperiod.
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INTRODUCTION rhythm. It is used for the treatment of jet lag and in
patients suffering from insomnia (Hardeland, 2005;
Altun, 2007). A previous study reported that the neu-
rotransmitter serotonin plays an important role in the

photic and non-photic regulation of circadian rhythms

N-acetyl-5-methoxytryptamine (melatonin) is produced
by pinealocytes in the pineal gland, located in the

brain (Paulose ef al.,, 2009). Production of melatonin by
the pineal gland is under the influence of the suprachi-
asmatic nuclei (SCN) of the hypothalamus, which recei-
ves information from the retina about the daily pa-
ttern of light and dark. Both SCN rhythmicity and me-
latonin production are affected by non-image- forming
light information traveling through the recently iden-
tified retinohypothalamic tract (RHT) (Ackermann & Ste-
hle, 2006; Hardeland, 2005). Melatonin is an anti-oxi-
dant, anti-aging, and anti-inflammatory molecule that
affects development as a master controller of circadian

and is a precursor of melatonin (Jagota & Kalyari, 2008).
Age-induced changes in daily serotonin rhythmicity in
the brain could affect age-induced circadian function dis-
orders (Richardson, 2005). Moreover, downregulation of
melatonin secretion leads to reduced physiological acti-
vity, drinking, and core temperature (Wonden-Hanson
et al., 2000). Additionally, melatonin influences the re-
lease of growth hormones and cortisol (Makay ef al.,
2009).

Developmental stage is affected by sex hormones.
The male hormone testosterone plays a key role in
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health and has anabolic effects that include increasing
muscle mass and strength, increasing bone density and
strength, and stimulation of linear growth and bone
maturation (Oner et al.,, 2008). The female hormone es-
trogen promotes the development of female secondary
sex characteristics and reduces muscle mass, bone re-
sorption, and low density lipoprotein (LDL) levels. Con-
versely, estrogen can also increase bone formation, high
density lipoprotein (HDL), and triglyceride levels (Uslu
et al, 2007). Several studies reported that melatonin
treatment induced hypertrophy of skeletal muscles in
castrated animal models, similar to the observed effects
of estrogen in ovariectomized rats (Oner et al, 2008;
Uslu et al, 2007). Edmons et al. (2005) reported that
reproductive organs affected photoperiod-dependent hy-
pertrophy. Also, body weight was increased after long
photoperiods in male marsh rice rats. Wolden- Hanson
et al. (2000) suggested that melatonin administration
affected physiological features, including reducing body
weight, visceral fat mass and hormone (e.g. insulin and
leptin) levels in mid-age male rats. Moreover, Sanchez-
Hidalgo et al. (2007) reported that rodents showed
body weight retardation and accumulation of visceral
fat following low-dose melatonin administration. Patho-
logical animal models (e.g. fracture, osteoporosis, stro-
ke) are positively affected by melatonin treatment.
Another interesting finding is that pinealectomized rats
do not have a greater body weight than intact rats.

Quiroz et al. (2008) suggested that melatonin admi-
nistration might improve the course of chronic renal
failure in rats with renal mass reduction, and ame-
liorate oxidative stress and inflammation. Glial cells
play an important role in brain development and re-
covery after damage. An in vitro study showed that
pinealocytes affected the differentiation and prolifera-
tion of astrocytes in co-culture conditions (Paulose et
al., 2009). Also, fibroblast growth factor-2 (FGF-2), an
activator of osteoblasts, was up-regulated after mela-
tonin treatment in a material implantation animal mo-
del (Takechi et al., 2008). Numerous studies suggest
that melatonin has multipotent effects on aspects of
biology and physiology (Ostrowska et al, 2003; Lu &
Cassone, 1993).

Melatonin secretion is affected by the season. En-
vironmental day length affects nocturnal pineal mela-
tonin secretion, which, in turn, generates or entrains sea-
sonal cycles of physiology, reproduction, and behavior
in mammals (Mishima ef al., 2001). Numerous studies
have shown that controlled photoperiods induce me-
latonin synthesis and secretion by the pineal gland
(Hance et al., 2009). These in vivo findings demonstrate
that rhythmicity of melatonin secretion affects physio-
logical homeostasis. Bartness and Wade (1985) reported
that a long photoperiod induced weight loss without
changes in food intake in Siberian hamsters.

Exogenous melatonin administration reverses some

pathological conditions, retards aging, and facilitates
growth (Koh, 2008; Oner et al., 2008; Dominguez-Rodri-
guez et al, 2007). However, it is unclear whether a
controlled photoperiod affects growth through changes
in endogenous melatonin secretion. Thus, in the present
study, we investigated whether alteration of melatonin
secretion induced by a controlled photoperiod affected
growth in young, developing juvenile rats.

MATERIALS AND METHODS

Animals

Fifteen 4-week-old male Sprague-Dawley rats (Hyo-
chang Science, Daegu, Korea) weighing 90~100 g were
used in all studies. Rats were randomly divided into a
control group (L/D; light/dark condition: 12/12 h) and
an experimental group (L/L; light/light condition: 24 h).
They were provided with 70 g of rodent standard
chow diet (Hyochang Science, Daegu, Korea) daily and
tap water ad libitum for 8 weeks. All animal procedures
were approved by the Ethics Committee for Animal
Care and Use at Inje University, which is certified by
the Korean Association of Accreditation of Laboratory
Animal Care. All rats were housed one per cage under
controlled environmental conditions (22+1°C; lights on
at 9:00 am).

Experimental Design

Rats were randomly divided into two groups, control
(L/D) and experimental (L/L). The L/D group (n=7) had
a normal photoperiod (light/dark: 12/12 h, lights on at
9:00 am). The L/ group (n=8) had a controlled pho-
toperiod (long photoperiod; light/light: 24 h).

Tissue Collection

Body weight and food intake were measured daily
for 8 weeks. After 8 weeks, rats were anesthetized with
a mixture of ketamine (50 mg/kg: Yunhan Co., Seoul,
Korea) and xylazine (10 mg/kg; Rompun, Bayer Heal-
thcare, Seoul, Korea). Serum was isolated from blood
using a centrifugal separator (HSL-05A; Hanil Indus-
trial Co., Korea). Tissue (from brain, heart, liver, kid-
ney, spleen, adrenal gland, testis, tibia, hindlimb ske-
letal muscle) was collected and stored frozen at —70C
until analysis. Then, all tissues were weighed to the
nearest 0.01 g on an electronic balance (CB-200; A&D
Electronic Balance, Toyko, Japan) and an image was
captured immediately (Canon-450D; Tokyo, Japan). Ti-
bia length was measured using calipers (531 series;
Mitutoyo Korea Co., Seoul, Korea).

Analysis of Plasma Melatonin Concentration
Serum was isolated from blood using a centrifugal
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separator. Measurement of plasma melatonin was pre-
ceded by an extraction procedure with chloroform.
Briefly, a 500 pl aliquot of plasma was mixed (1:1,
v/v) with 0.1 M acetic acid buffer (pH 4.6) and 2 ml of
chloroform was added. The mixture was vortexed for 1
min, centrifuged (3,800xg, 10 min), and the aqueous
phase was removed. The organic layer was separated
and cleaned once with 2 ml 0.1 N NaOH. After cl-
eaning and cenirifugation, the aqueous phase was as-
pirated and the organic layer was dried to vacuum
under at 40°C. The residue was dissolved in 200 nl of
mobile phase and filtered through a 0.5 pm filter. A
20 pl aliquot of the filirate was injected into the
high-performance liquid chromatography (HPLC) sys-
tem. HPLC analysis was performed on a HPLC system
(Agilent 1100; Agilent Technologies Inc., Santa Clara,
CA, USA) with fluorescence detector { Aex=280 nm, A
em=360 nm). Melatonin was separated on a Pheno-
menex C18 (3 um particles, 75x4.6 mm id.) (Luna C18;
Phenomenex Inc, Torrance, CA, USA). The mobile
phase consisted of solution of methanol 40% and wa-
ter 60%. All analyses were performed at 24T at a flow
rate of 1 ml/min. Acquisition and integration of chro-
matograms was performed using the Agilent Chem-
station software. Quantification of sample peaks was
done by comparing peak areas with those of standards.

Statistical Analyses

Data were collected from repeated experiments and
are presented as means+SD. A one-way ANOVA was
used for statistical analysis. Differences were deemed to
be statistically significant when p<0.05. All analyses
were performed using the SPSS software (ver. 17.0; SP-
S5 Inc., Chicago, IL, USA).

RESULTS

Variation in Food Intake

We compared the food intake in the light/light (/L)
group with the light/dark (L/D} group. Food consump-
tion was measured daily at 10:00 am. for 8 weeks.
Food consumption did not significantly differ between
the L/D and L/L groups (Fig. 1). Thus, food intake was
apparently not affected by the controlled photoperiod.

Change in Body Weight

We compared the body weight of the light/light (L/L)
group with the light/dark (L/D) group. Body weight
was measured weekly at 10:00 am. for 8 weeks. Per-
cent body weight change from the initial body weight
was also compared. The L/L group body weight was
significantly retarded at weeks 5 and 6 (p<0.05). Body
weights did not significantly differ from week 7 to 12
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Fig. 2. Variation of body weight by controlled photoperiod. L/D;
light/dark condition, L/L; light/light condition. * p<0.05: L/D vs. L
/L.

(Fig. 2). These data suggest that a controlled photope-
riod may affect the development of juvenile rats.

Change in Individual Tissue Weight

After 8 weeks, rats were anesthetized with a mixture
of ketamine (50 mg/kg) and xylazine (10 mg/kg) and
tissue was isolated. After isolation, the tissue was wei-
ghed to the nearest 0.01 g on an electronic balance.
There was a non-significant trend towards greater ti-
ssue mass in the L/D group versus the L/L group in
brain, heart, spleen and adrepal gland. L/D kidney was
significantly heavier than in the L/L group (p<0.01).
Hind limb muscles were not significantly different bet-
ween the L/D and L/L groups. However, gastrocnemius
and plantaris muscle mass was greater in the L/D than
the L/L group. In contrast, the soleus of the L/L group



92 Lee et al.

was heavier than that of the L/D group (Table 1).

Change in Ratio of Heart/Tibia Length Due to Con-
trolled Photoperiod

We analyzed the relationship between cardiac hyper-
trophy due to overdevelopment of heart and controlled
photoperiod using measurement of heart/tibia ratio.
This ratio was not significantly different between the
L/D and L/L groups (Fig. 3).

Table 1. Change in individual tissue weight

L/D (g) L/L (g)
Brain 2.09+0.08 1.97+0.06
Heart 1.61+0.05 1.50+0.14
Liver 13.11+0.41 13.1540.46
Kidney 3.68+0.01 3.46:0.02*
Spleen 0.94+0.14 0.9340.09
Testis 3.1110.06 3.2440.18
Adrenal grand 0.07+0.01 0.06+0.00
Rt. gastrocnemius 2.160.07 2.05+0.08
Lt. gastrocnemius 2.1840.08 2.12+0.05
Rt. plantaris 0.38+0.01 0.36+0.01
Lt. plantaris 0.39+0.02 0.37+0.00
Rt. soleus 0.1620.01 0.16+0.00
Lt. soleus 0.15+0.00 0.16+0.02

Comparison of tissues mass in L/D vs. L/L. * p<0.01 : L/D vs. L/L.
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Fig. 3. Heart/tibia ratio following 8 weeks of controlled pho-
toperiod. L/D; light/dark condition, L/L; light/light condition.

Table 2. Change in biochemical components

Test Normal range L/D L/L
mtase (IU) 62~209 257+165.85  150.67+203.81
Alpha amylase(IU) 1,691~3,615 312.33t7.09  286.33+41.00
Albumin(g/dL) 25~48 3.400.00 3.2310.12
Calcium(mg/dL) 59~94 3.7343.18 3.90+3.99
Cholesterol FL(mg/dL)  36~96 37.3317.64  57.6748.50*
Creatinine(mg/dL) 02~0.8 0.03+0.06 0.10+0.10
LDH (IU) 1,105~3,993 289.33:241.38 471.00£90.22
T-BIL(mg/dL) 0.1~09 0.20+0.17 0.30+0.17
ALT(IU) 28~132 12.33+1.53 11.00+1.00
AST(IU) 59~247 2.00£346  21.00+13.89
Phosphorus(mg/dL) 6.1~10.1 9.41+0.38 10.45+0.00%
Total protein(g/dL) 3.6~6.6 5.8740.06 5.9740.32
BUN(mg/dL) 18~29 17.67+4.16 18.00+4.00

Comparison of biochemical components in L/D vs. L/L. * p<0.05 :
L/D vs. L/L.

Change in Biochemical Components

After 8 weeks, rats were anesthetized with a mixture
of ketamine (50 mg/kg) and xylazine (10 mg/kg) and
serum was isolated from blood. The L/L group had a
significant higher concentration of cholesterol and phos-
phorus than L/D group (p<0.05). However, the other
parameters were not statistically significant difference
as showing at Table 2.

Plasma Melatonin Concentration

After 8 weeks, rats were anesthetized with a mixture
of ketamine (50 mg/kg) and xylazine (10 mg/kg). Se-
rum was isolated from blood using a centrifugal sepa-
rator after collection between midnight and 2:00 a.m.
We confirmed the plasma melatonin concentration us-
ing HPLC. The L/D group had a significantly increased
melatonin concentration compared to the L/L group
from midnight to 2 am. (p<0.01) (Fig. 4). These data
indicated that melatonin was controlled by light at

night.

DISCUSSION

The photoperiodic mammal undergoes quite remarka-
ble changes in physiology as part of its natural adap-
tation to seasonal fluctuations in the environment. In-
deed, seasonal alternations induce endogenous hormone
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Fig. 4. Plasma melatonin concentration following 8 weeks of
controlled photoperiod. L/L; light/light condition. ** p<0.01: 1/D vs.
L/L.

secretion. Specifically, melatonin secretion is characte-
rized by photoperiod duration. Melatonin also controls
the secretion of growth hormones. Ekman (2008) su-
ggested that nocturnal melatonin secretion might affect
the secretion of growth hormone and also reported that
brown-eyed children experience more nighttime grow-
th pain than light-eyed children. Edmons et al. (2005)
reported that body weight was increased after long
photoperiods in male marsh rice rats. Strikingly, oppo-
site results were found compared previous reports that
developing rats in the L/L group had significantly re-
tarded body weight at 5 and 6 week following the
controlled photoperiod, respectively (Fig. 2). Also, The
L/L group tended to retardation of increasing body
weight from 6 to 12 week. However, there no change
was observed in food consumption between the L/D
and L/L groups (Fig. 1). Thus, we suggest that a longer
photoperiod may affect the secretion of melatonin and
retard the development of body composition. L/D
group kidneys were significantly heavier than the kid-
neys of the L/ group (p<0.01) (Table 1). The L/D
group had a non-significant increase in tissue mass
versus the L/l group after the controlled photoperiod.
The gastrocnemius and plantaris hind limb muscles
were heavier in the L/D group than the L/L group;
however, the soleus was lighter than that in the L/L
group (Table 1). We also confirmed differences in me-
latonin concentration by photoperiod. The dark phase
induced melatonin secretion by the pineal gland. Me-
latonin concentration was highest from midnight to 2:00
am; thus, we obtained blood samples from midnight
to 2:00 am. As shown at Fig. 4, the L/D group had a
significantly higher melatonin concentration than the
L/L group {p<0.05). Also, Makay et al. (2009) reported
that melatonin promoted growth factor secretion. Thus,

our data suggest that nocturnal melatonin secretion
could affect the development of body composition by
activation of growth factors.

Melatonin secretion was affected by light informa-
tion; growth hormones were also controlled by mela-
tonin. Thus, we examined whether melatonin secretion
was affected by a controlled photoperiod and whether
melatonin affected the development of the growth sta-
ge. Prendergast (2010) reported that environmental pho-
toperiod drives nocturnal pineal melatonin secretion,
which in turn generates or entrains seasonal cycles of
physiology, reproduction. Also, long day length down-
regulated the expression MT1/MI2 receptors. We con-
firmed that melatonin secretion was affected by the
photoperiod. A long photoperiod inhibited the secretion
of melatonin by the pineal gland. Also, decreased me-
latonin concentration may affect the development of
body composition by controlling growth hormone se-
cretion. In future studies, we plan to compare exoge-
nous melatonin administration and endogenous mela-
tonin, induced by photoperiod control. Moreover, we
will determine whether the effects seen in pathological
animal models can be reversed by a controlled pho-
toperiod.
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