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Effect of Long Term Reverse Feeding on the Reproductive and
Non-reproductive Tissues in Male Mice
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ABSTRACT : Previously, we demonstrated that the shift and/or restriction of feeding time during relatively short-term
period (4 weeks) could alter the pituitary gonadotropin expression and the weights of seminal vesicle and prostate in rats. We
also found that the reverse feeding (RF) schedule (up to 8 weeks) might induce an adaptable metabolic stress and cause
impairment of androgen-dependent reproductive tissues. In the present study, we extended the RF time regimen up to 12
weeks, and measured the reproductive tissue weights. After 4 and 8 weeks of RF, the weights of epididymis were not
significantly different. After 12 weeks, however, epididymis weights of RF animals were significantly different (CON 12W :
RF 12W = 48.26±0.62 mg : 44.05±1.57 mg, p<0.05). After 4 and 12 weeks of feeding, seminal vesicle weights of RF animals
were significantly decreased (CON 4W : RF 4W = 79.36±8.34 mg : 46.28±2.43 mg, p<0.001; CON 12W : RF 12W =
72.04±3.76 mg : 46.71±2.27 mg, p<0.001, respectively). Prostate weights were not changed by RF. Kidney and spleen
weights of RF animals were significantly different on weeks 4 and 12 (Kidney, CON 4W : RF 4W = 249.72±4.20 mg :
228.41±3.03 mg, p<0.001; CON 12W : RF 12W = 309.15±7.49 mg : 250.72±6.13 mg, p<0.001, respectively, Spleen, CON
4W : RF 4W = 111.26±3.76 mg : 96.88±4.69 mg, p<0.05; CON 12W : RF 12W = 123.93±10.72 mg : 94.68±5.65 mg, p<0.05,
respectively). Histology analysis of seminal vesicle revealed that the thinner epithelial cell layers, reduced complexities of
swollen papilla folding in the exocrine glands on weeks 4 and 12 of RF. There was no histological difference between control
and RF group on week 8. The present study indicates that up to 12 weeks RF induced differential changes in tissue weights of
male mice. In particular, seminal vesicle, kidney and spleen seemed to temporarily adapted to the RF-induced metabolic stress
on week 8 of feeding schedule. These results confirmed the our previous study that the RF might induce an adaptable
metabolic stress and cause impairment of androgen-dependent reproductive tissues such as epididymis and seminal vesicle as
well as non-reproductive tissues such as kidney and spleen. Further studies will be needed to achieve a better understanding of
the how does mealtime shift affect the reproductive function and exact nature of adaptation.
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INTRODUCTION

reproductive function (Boden et al., 2013). However, many
of the mice with disrupted ‘clock genes’ failed to show

Animals have developed a range of strategies to ensure

overt reproductive failure, so there might be alternative or

reproductive success, among them, circadian rhythms are

compensatory processes (Boden & Kennaway, 2006). For

most important for the control and/or maintenance of

example, internal cue such as energy balance might be
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simultaneously participated in the regulation of reproductive
system (Sinchak & Wagner, 2012; Wahab et al., 2013).

Four weeks after birth, male mouse were divided into
two groups. The animals of night feeding group (night

Metabolic stresses are frequently coupled to disturbed

feeding, CON group) have restricted access to food during

reproductive maturation and even infertility (Castellano et

night time (17:00-21:00) for 4, 8 and 12 weeks, res-

al., 2009). In male rats, food restriction (≥ 50%) decreased

pectively. The day feeding animals (reverse feeding, RF

serum testosterone and LH levels resulting negative effects

group) have restricted access to food during daytime

on androgen-dependent reproductive organs (Grewell et al.,

(09:00-13:00) for 4, 8 and 12 weeks, respectively. All

1971; Howland, 1975; Glass et al., 1986; Santos et al.,

animals were allowed to drink freely. When the feeding

2004). Previously we demonstrated that the shift and/or

schedules were over, animals were sacrificed and the

restriction of feeding time during relatively short-term

tissues (testis, epididymis, seminal vesicle, prostate, kidney,

period (4 weeks) could alter the pituitary gonadotropin

adrenal and spleen) were removed and weighed.

expression and the weights of seminal vesicle and prostate
in rats (Kwak & Lee, 2012). In the following study, we

3. Histology

found that reversed feeding schedule (up to 8 weeks) might

Seminal Vesicle tissue specimens were fixed 4% para-

induce an adaptable metabolic stress and cause impairment

formaldehyde at 4°C for 24h. Fixed tissues were serially

of androgen-dependent reproductive tissues (Jeon & Lee,

dehydrated in graded ethanol and xylene. Specimens were

2012).

embedded in paraffin block. The tissues blocks were cut at

To further confirm our hypothesis that this reverse

6 μm using microtome (HM350S, MICROM, Germany).

feeding (RF) regimen could induce adaptable physiological

Sections were stained with hematoxylin-eosin (H.E.) stain

patterns as shown in shift workers, we extended the RF

and examined under light microscope (BX51, Olympus,

time regimen up to 12 weeks. For the convenience of

Japan).

experiments, we used mouse model and measured the
general and reproductive indices of the animals.

4. Statistical analysis
All values are expressed as the means (±S.E.). Differences

MATERIALS & METHODS

between control and treatment groups were analysed by
Student’s t-test. P values less than 0.05 were considered

1. Animals

significant. The IBM PC programs INSTAT and PRISM

Male ICR mice were obtained from DBL (Chung-

3.0 (GraphPad, San Diego, CA, USA) were used to

cheongbuk-do, Korea) and reared 2 weeks in Sangmyung

calculate and plot the results.

University animal facility under conditions of 12-h light/
dark cycle (lights on at 07:00 h) and constant temperature

RESULTS

of 22±1°C. All procedures used were approved by the
Animal Care and Use Committee at Sangmyung University

Body weights and tissue weights are shown in Fig. 1.

in accordance with guidelines established by the Korea

After 4 and 12 weeks of feeding, body weights of animals

Food and Drug Administration (R-1203).

from both group were not significantly different (CON
4W : RF 4W = 41.70±1.01 g : 41.00±1.29 g; CON 12W :

2. Experimental design
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RF 12W = 36.65±0.46 g : 38.14±0.64 g, respectively). However,
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after 8 weeks feeding, body weights of RF animals were

= 47.59±0.90 mg : 46.43±1.21 mg, respectively). But after

significantly different (CON 8W : RF 8W = 43.25±0.82 g :

12 weeks feeding, epididymis weights of RF animals were

40.42±0.84 g, p<0.05). After 4, 8 and 12 weeks of feeding,

significantly different (CON 12W : RF 12W = 48.26±0.62

the weights of testis were not significantly different (CON

mg : 44.05±1.57 mg, p<0.05). After 4 and 12 weeks of

4W : RF 4W = 113.26±2.86 mg : 116.17±1.68 mg; CON

feeding, seminal vesicle weights of RF animals were

8W : RF 8W = 118.02±3.98 mg : 118.35±2.82 mg; CON

significantly different (CON 4W : RF 4W = 79.36±8.34

12W : RF 12W = 120.21±4.22 mg : 112.9±4.38 mg, respect-

mg : 46.28±2.43 mg, p<0.001; CON 12W : RF 12W =

tively). After 4 and 8 weeks of feeding, the weights of

72.04±3.76 mg : 46.71±2.27 mg, p<0.001, respectively).

epididymis were not significantly different (CON 4W : RF

But after 8 weeks of feeding, seminal vesicle weights were

4W = 41.73±1.12 mg : 44.57±2.05 mg; CON 8W : RF 8W

not significantly different (CON 12W : RF 12W = 83.05±
5.72 mg : 76.45±5.04 mg). After 4, 8 and 12 weeks of
feeding, prostate weights were not significantly different
(CON 4W : RF 4W = 10.26±0.66 mg : 17.65±4.29 mg;
CON 8W : RF 8W = 13.62±1.04 mg : 11.96±1.06 mg;
CON 12W : RF 12W = 15.3±1.50 mg : 12.62±1.92 mg,
respectively). After 4 and 12 weeks of feeding, kidney and
spleen weights of RF animals were significantly different,
but not 8 weeks of feeding group (Kidney, CON 4W : RF
4W = 249.72±4.20 mg : 228.41±3.03 mg, p<0.001; CON
8W : RF 8W = 250.51±4.45 mg : 235.94±7.02 mg; CON
12W : RF 12W = 309.15±7.49 mg : 250.72±6.13 mg, p<0.001,
respectively, spleen, CON 4W : RF 4W = 111.26±3.76 mg :
96.88±4.69 mg, p<0.05; CON 8W : RF 8W = 118.48±3.98
mg : 111.75±10.36 mg; CON 12W : RF 12W = 123.93±
10.72 mg : 94.68±5.65 mg, p<0.05, respectively). After 4
weeks of feeding, adrenal weights of RF animals were

Fig. 1. Body weights, reproductive and non-reproductive
tissue weights. Body weights, reproductive and
non-reproductive tissue weights of night feeding

significantly different (CON 4W : RF 4W = 2.48± 0.15
mg : 1.77±0.17 mg, p<0.01). But 8 and 12 weeks of feeding,

(CON, control, 17:00-21:00) and reverse feeding
(RF; day feeding, 09:00-13:00) male mice by

adrenal weights were not significantly different (CON 8W :

cohort. Cohorts were defined by the feeding period

12W = 2.23±0.16 mg : 2.33±0.11 mg, respectively).

4, 8 and 12 weeks, respectively. Values were expressed as mean±S.E. A, Body weight, B, Testis, C,

RF 8W = 2.15±0.09 mg : 2.09±0.09 mg; CON 12W : RF

Histological analysis of seminal vesicle revealed that the
thinner epithelial cell layers of the exocrine gland on week

Epididymis, D, Seminal vesicle, E, Prostate, F,
Kidney, G, Adrenal and H, Spleen. *, Significantly

4 and 12 of RF. Simultaneously, the papilla parts were

different from control, p<0.05. **, Significantly
different from control, p<0.01. ***, Significantly

reduced in the RF animals. There was no histological

different from control, p<0.001.

swollen and the complexities of folding patterns were

difference between control and RF group on week 8 (Fig. 2).
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et al., 2012), the mating behaviour/fertilization (Refinetti,
2005), the implantation (Akiyama et al., 2010), the placental
activities (Wharfe et al., 2011), the fetal development and
the timing of birth (Cagnacci et al., 1998). A light entrainable
circadian pacemaker (i.e. a classic master clock) is located
in the suprachiasmatic nucleus (SCN) receiving retinal inputs
and sending neural outputs into pineal gland and peripheral
tissues (i.e. a peripheral clock) (Boden & Kennaway, 2006).
Interestingly, the induction of food entrainable oscillator
Fig. 2. Histological analysis of mice seminal vesicle.
Seminal vesicles from night feeding (CON, control,
17:00-21:00) and reverse feeding (RF; day feeding,
09:00-13:00) mice were fixed. The specimens cut
at 6 μm, then the sections were stained with hema-

(FEO) by daily feeding schedules does not require the
SCN, but FEO do exhibit defining properties of circadian
clock control since the SCN lesion could not abolish the
properties (Mistlberger, 2011). Actually, shifts in usual

toxylin-eosin (H.E.) stain and examined under light
microscope. EP, epithelial cell; EX, papilla folding;

meal time profoundly affects daily rhythms such as body

SF, seminal fluid.

blood glucose and triglyceride levels, leading to some

temperature, along with the alterations in daily rhythms of

metabolic consequences (Yoon et al., 2012). A food-entrainable

DISCUSSION

oscillator may integrate circadian rhythms, including pituitary
hormone secretions, with food availability (Martínez-Merlos

In the present study, up to 12 weeks RF induced

et al., 2004; Gooley et al., 2006; Glad et al., 2011).

differential changes in tissue weights of male mice. Among

Previously, we also demonstrate that the shift and/or restriction

the reproductive tissues, the weights of testis and prostate

of feeding time could alter the pituitary gonadotropin

were not altered while the weights of epididymis and

expression and the weights of seminal vesicle and prostate

seminal vesicle were significantly decreased. Interestingly,

in rats (Kwak & Lee, 2012).

the weights of non-reproductive tissues such as kidney and

Studies on the circadian adaptation in a 'swing shift'

spleen were also significantly decreased in RF mice.

schedule of oil industry workers demonstrated that the

Seminal vesicle, kidney and spleen seemed to be temporarily

subjects adapted to the night shift but very large individual

adapted to the RF-induced metabolic stress on week 8 of

variations were seen during the day shift (Gibbs et al.,

feeding schedule. These results confirmed the our previous

2002). The workers could be classified as 'well-' and 'ill-

study that RF might induce an adaptable metabolic stress,

adapted' to a shift work schedule. The present study

disturbance of rhythmicity and cause impairment of androgen-

suggests that mealtime shift might induce chronologically

dependent reproductive tissues (Jeon & Lee, 2012).

and tissue specifically following three phases; the early

Mammalian circadian timing system plays a major role

disturbed phase, adapted phase, and finally, late disturbed

in a wide range of reproductive function, appears to be

phase. Shift and night work generally promotes changes in

involved in optimal reproductive performance; circadian

feeding patterns, resulting in increased food intake during

rhythms are closely related in the control of the sperm

the normal resting phase usually in nighttime like our RF

generation (Alvarez et al., 2003), the ovarian function (Gras

mice model (Knutsson, 2003; Vener et al., 1989; Pasqua et
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al., 2004). The shift workers seem to have developed
mechanisms which allow them to cope with disruptions to

Boden MJ, Kennaway DJ (2006) Circadian rhythms and
reproduction. Reproduction 132:379-392.

lifestyle and the endogenous body clock (Reilly et al.,

Boden MJ, Varcoe TJ, Kennaway DJ (2013) Circadian

1997). They seem to be more vulnerable to some adult

regulation of reproduction: from gamete to offspring.

onset diseases such as hypertension, metabolic syndrome,

Prog Biophys Mol Biol 113:387-397.

cancer, and others caused by lowered immune function

Cagnacci A, Soldani R, Melis GB, Volpe A (1998) Diurnal

(Salgado-Delgado et al., 2010). Indeed, the present study

rhythms of labor and delivery in women: modulation

revealed that the decreased spleen weights in RF mice. Our

by parity and seasons. Am J Obstet Gynecol 178(1 Pt

results that the seminal vesicle function could be also

1):140-145.

affected by RF suggest similar phenomena may occurred

Castellano JM, Roa J, Luque RM, Dieguez C, Aguilar E,

in shift workers. Hypospermia is the medical term when a

Pinilla L, Tena-Sempere M (2009) KiSS-1/kisspeptins

man has an unusually low ejaculate/semen volume(less

and the metabolic control of reproduction: physiologic

than 1.5 mL), and would be a factor in infertility when the

roles and putative physiopathological implications. Peptides

oligospermia is combined (Cooke et al., 1995). Instead,

30:139-145.

hyperspermia could be an impeding factor for quality of
life, because it lowers male sexual performance and

Cooke S, Tyler JP, Driscoll GL (1995) Hyperspermia: the
forgotten condition? Hum Reprod 10:367-368.

satisfaction. Further studies will be needed to achieve a

Gibbs M, Hampton S, Morgan L, Arendt J (2002) Adaptation

better understanding of the how does mealtime shift affect

of the circadian rhythm of 6-sulphatoxymelatonin to a

the reproductive function and a efficient coping with the

shift schedule of seven nights followed by seven days

health problems of shift workers.

in offshore oil installation workers. Neurosci Lett 325:
91-94.
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