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Abstract

Objectives: Physiological changes in spacecraft situation (endurance of gravity and circadian rhythm changes) can alter the neu-
romodulator. The objective of the current study was to determine the effects of 14 days of simulated microgravity and alteration of
circadian rhythm (as simulated spacecraft situation) on the serum leptin level in rats.
Methods: 32 male Wistar rats were divided into four groups (free motion groups with 12/12 hours or 45/45 minutes dark/light cycles
and unloading tail suspension condition groups with 12/12 hours or 45/45 dark/light cycles). The serum leptin level was analyzed 14
days after the beginning of the intervention by ELISA. Data were analyzed by the two-way ANOVA.
Results: The data showed that the unloading situation significantly increased the serum leptin level. However, light/dark changing
cycles had no significant effect on the serum leptin level.
Conclusions: It seems that the unloading situations were much more effective than the light/dark changing cycles on the serum
leptin level.
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1. Background

Spacecraft can turn the earth in about 90 minutes.
Therefore, astronauts experience both microgravity and
45/45 minutes light/dark cycles. Leptin mainly is syn-
thesized in both white and brown adipose tissues. It
has been shown that the level of serum leptin level in-
creases markedly in obese humans and animals (1). It
has been indicated that continued strength exercise, such
as marathon running, decreases leptin concentration (2).
Nevertheless, other studies have revealed that moderate-
intensity aerobic exercise and acute or chronic exercise in
men and women do not affect the leptin levels (1, 3). The
experiment shows that fast reductions in leptin concen-
trations in response to the restriction of energy or fasting
seem to be greater than the decrease in fat mass in both ro-
dent and humans (4). Therefore, it has speculated that lep-
tin may be a sensor for energy stores in short-term changes
(5).

It has been shown mice treated with leptin lose more
weight suggesting that leptin also increases energy ex-
penditure (6). Leptin acts by binding to special receptors

(obRs) expressed in CNC as well as in peripheral tissues (7,
8). The most important roles of leptin are including reg-
ulation of energy homeostasis, neuroendocrine function,
and metabolism evaluation in human and animals. In ad-
dition, the leptin in plasma is an energy reserve and adjusts
food intake and energy expenditure controlled by signals
through the central nervous system (7, 9). Brown adipose
tissue thermogenesis is activated and sympathetic nerve
activity is augmented by leptin in mice. The administra-
tion of leptin in the long-term could result in the rewind-
ing of the connections among hypothalamic neurons or
promoting synaptic plasticity (1, 10).

In order to simulate a microgravity situation in rats,
tail-suspension model has been recommended by the na-
tional aeronautics and space administration and there-
fore, has been widely used. The rats were hanged at an
angle of 30°. The tail of the rats was connected to a flex-
ible cable that was attached to the ceiling of the cage,
allowing the rats to move 360° and to access water and
food throughout the experimental period (11). It is spec-
ulated that microgravity environment and alteration in
the light/dark period could cause changes in the physi-
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ology of rodents, which affected the hormone secretion,
circadian rhythms, food intake, and so on. We hypoth-
esized that alteration in life rhythms, microgravity envi-
ronment, and the stress tolerance due to changing the life
condition could be reflected in the hormone levels and
energy metabolism. Therefore, the alterations in leptin
level, as well as animal weight, were thought to assess in
rats by changing the living conditions under the experi-
mental conditions. Since food intake, energy expenditure,
metabolic activity, and body weight are associated with
hormones and neuro-mediators, an effective physiological
change, for example, due to circadian rhythm and hyper-
gravity change, would be considered to indicate the effect
of alterations in situations. Therefore, the purpose of the
present study was to determine the effects of 14 days of sim-
ulated microgravity and alteration of circadian rhythm
(simulated spacecraft situation) on the serum leptin level
in rats.

2. Methods

The study was in agreement with the guidelines of the
national institute of health guide for the care and use of
laboratory animals (NIH publications no. 80 - 23).

32 Wistar male rats were randomly divided into four
equal groups: free motion groups with 12/12 hours or 45/45
minutes dark/light cycles and unloading tail suspension
condition groups with 12/12 hours or 45/45 dark/light cycles
(12, 13). The rats were maintained at 23 ± 2°C and food and
distilled water were provided ad libitum.

The tail-suspension technique described previously by
Morey-Holton and Globus (14) was used to elicit the effects
of simulated microgravity. Briefly, the tail of each rat was
cleaned, dried, and wrapped in adhesive plaster. The hind
limbs of the rats were unloaded by suspending the tail at a
30° head down angle in order to avoid contact of the hind
limbs with the ground. The animals were free to move on
their forelimbs and had free access to food and water. All
tail-suspended rats were kept in this state of unloading of
the hind limbs and individually housed in a cage for 14
days.

On day 15, the rats were anesthetized with a combi-
nation of 80 mg/kg ketamine and 5 mg/kg xylazine; then
blood samples were obtained from the heart collected in 10
mL glass vacuum tubes without additive, permitted to clot
and centrifuged (2000 g, 10 minutes); finally, the serum
was separated. The specimens were stored at -70°C for the
subsequent determination of leptin concentration.

The leptin concentration was assayed by ELISA technol-
ogy using commercially available kits (Eastbiopharm, Tor-
rance, USA). The experiments were performed according to
the manufacturer instruction.

The data were analyzed by the two-way ANOVA (SPSS
software), followed by the Bonferroni post hoc test. Dif-
ferences were considered significant at P < 0.05. The data
were expressed as means ± SEM.

3. Results

The effect of simulated spacecraft condition on the
mean serum leptin levels in rats is summarized in Table 1.
The mean serum leptin level was altered by spacecraft sim-
ulated condition (P < 0.05) (Figure 1). The post-hoc analy-
sis indicated that the level of serum leptin significantly in-
creased in the unloading (microgravity) condition as com-
pared with the free motion groups (P < 0.05). However,
there were no significant differences in the serum leptin
level between 45/45 light/dark and 12/12 light/dark rhythm
situations (P > 0.05).

Table 1. The Effect of Simulated Spacecraft Condition on the Mean (± SEM) Serum
Leptin (ng/mL) Levels in Rats

Free Motion Unloading

12/12 hours light/dark rhythm 1.63 ± 0.13 2.18 ± 0.06

45/45 minutes light/dark rhythm 1.25 ± 0.27 2.45 ± 0.05

4. Discussion

Alteration in living conditions such as microgravity
and circadian rhythms, which occur in spacecraft, affects
the physiological necessity parameters and life treating
factors in astronauts. Exposure to microgravity could
change physiological situations in space traveling, causing
several neurologic changes in human or animal (15, 16). Re-
cent studies have reported that increased gravity could in-
crease brain permeability, ischemic and degenerated neu-
rons in the cortex and hippocampus in rats (17, 18). In the
present study, a rat animal model was used for the assess-
ment of microgravity and alteration of light/dark cycle ef-
fects on leptin. Our results showed that tail suspension
hindlimb unloading in rats as models to evaluate the mi-
crogravity effects could change neuromodulator of the lep-
tin level.

The plasma leptin level principally reflects the amount
of energy storage in adipose tissue and directs the CNS in
regulating energy homeostasis, neuroendocrine function,
and metabolism (8). Moreover, it has been reported that
the plasma leptin concentration in fed mice is 1.32 ng/mL
but its level would reduce in fasted animals (19). It has
been suggested that an alteration in circadian rhythms
(light/dark cycle) acts through the suprachiasmatic nu-
cleus to decrease food intake, alter hormonal profile, and
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Figure 1. Effect of spacecraft simulated condition on serum leptin. Data are expressed as means ± SEM. *Different from the free motion group, P < 0.05.

decrease anabolic hormones (11, 16, 20). Our data revealed
that even changing the light/dark cycle is unable to alter
the leptin serum level in rats.

The serum leptin level was significantly higher in un-
loading rats. However, it has been shown that serum leptin
decreases in unloading condition in food-restricted rats
(21) while it is unchanged in head-down bed rest condition
in human (22).

It has been shown that the plasma leptin level increases
in both acute and chronic inflammation and its expression
is regulated by pro-inflammatory mediators (23). On the
other hand, astronauts experience brain and upper organs
inflammation in microgravity condition, so it may be the
possible mechanism of increasing leptin in our study in
the unloading situation.

4.1. Conclusion
It seems that the unloading situations were much

more effective than the light/dark changing cycles in the
serum leptin level.
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