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Abstract

Eucommia leaf extract (ELE) is known to have a preventive effect on obesity. The effect of ELE partially depends on the inhibition of locomotor activity during
inactive periods and indirect inhibition of food and water consumption. Moreover, it has been reported that suppression of the parasympathetic nervous system is
involved in appetite suppression and that lipid metabolism is improved by ELE ingestion. However, there is no evidence that food and water consumption during the
inactive period occur as a result of regulation of the parasympathetic nervous system. Therefore, in this study, the involvement of the parasympathetic nervous system
was examined using water intake during the inactive period of rats as an index. Rats were fed a high-fat diet (35% fat; HFD) or an HFD + ELE 5% diet and were
observed for 3 days during which pilocarpine (10 mg/kg/day, intraperitoneally; i.p.) or saline (i.p.; used as a control) was administered daily. When compared with the
control group, no effect of pilocarpine was observed in the dark phase (active period) or light phases (inactive period). The slightly increased water consumption of the
HFD + ELE 5% group was not affected by the administration of pilocarpine in the active period. However, the markedly decreased amount of water consumption
in the inactive period that was due to ELE ingestion was restored to the control level by the administration of pilocarpine. These results suggest that the ingestion of

ELE by rats causes changes in water consumption that are mediated by the parasympathetic nervous system.

Introduction

Du-zhong tea is a common drink ingested for health purposes.
The tea is made by roasting the leaves of the Eucommia ulmoides tree.
In recent years, the study of Eucommia leaf extract (ELE) has been
focused on its efficacy in maintaining human health. Reports on the
biogenic effectiveness of ELE ingestion have identified the following
benefits: 1) antihyperlipidemic effects that reduce visceral fat and
suppress elevated levels of triglyceride and cholesterol in the blood [1-
7]; 2) effects on bone, such as preventing the onset of postmenopausal
osteoporosis and promoting calcium accumulation in osteoblasts [8-
10]; 3) antihypertensive effects that slowly decrease blood pressure by
maintaining the flexibility of the blood vessels and promoting arterial
smooth muscle relaxation [2,11]; 4) rapid eye movement sleep and
non-rapid eye movement sleep inducing effect [12]; and 5) preventative
effects on ulcerative colitis by asperuloside, one of the major
components of ELE [13]. Thus, ELE promotes systemic health. Among
the effects of ELE, many anti-obesity effects have been studied from the
viewpoint of preventing lifestyle diseases. Therefore, we proposed that
ELE ingestion might prevent the obesity caused by nocturnal eating, as
ELE ingestion reduces food intake and water consumption during the
light phase (i.e., inactive period) in rats [7,14,15]. On the other hand, it
has been reported that appetite suppression due to the inhibition of the
parasympathetic nervous system, which controls the gastrointestinal
tract, is related to the suppression of feeding and the improvement
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of lipid metabolism by ELE ingestion [16,17]. However, it remains
unknown whether decreased food intake and water consumption
in the inactive period is mediated by the parasympathetic nervous
system. Therefore, in this study, we examined the effect of ELE on the
parasympathetic nervous system using water consumption during the
inactive period of rats as an index.
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Materials and Methods
Animal rearing and water analysis

Thirteen-week-old Sprague-Dawley (SD) male rats were used in
the experiments. The rats were purchased from Japan SLC, Inc. The
rats were reared for one week to condition them to the metabolic cage.
After conditioning, the rats were observed for 3 days, during which
time water consumption was assessed by a scale on the water bottle
in the metabolic cage every day during the active period (19:00-07:00)
and the inactive period (13:00-19:00 and 07:00-11:00). We used an
MK-5000RQ metabolic measurement system (Muromachi Kikai Co.,
Ltd.) to measure water consumption. The light-dark cycle of the rat
rearing room was in the light phase from 7 am to 7 pm and in the dark
phase for the remainder of each day. The experiments were conducted
in accordance with the animal experiment guidelines established by the
Suzuka Medical University Animal Experimental Ethics Committee,
which approved the experimental plan [1,15].

Feeding regimes

We used a high-fat diet (35% fat; HFD) as the standard feed in this
experiment. The HFD was purchased from Oriental Yeast Co., Ltd. as
“MF powder” and contained 35% lard [15]. A HFD diet containing 5%
ELE was fed to the ELE treatment group (HFD + ELE 5%). The ELE used
in the study was purified and provided by Kobayashi Pharmaceutical
Co., Ltd. In contrast, only an HFD was fed to the control group (HFD
cont.) [15]. The treatments for the two groups continued from rearing
to the end of the experiment.

Drug administration

After rearing the HFD and HFD + ELE 5% groups, pilocarpine
treatment rats were randomly selected from both groups. The selected
rats were then intraperitoneally (i.p.) administered 10 mg/kg/day
pilocarpine at 19:00 daily for 3 days. Likewise, saline treatment rats
were selected as a control for the pilocarpine group. Control group rats
were administered saline on the same time schedule as pilocarpine.

Results and discussion

According to previous reports, ELE has an inhibitory effect on
the parasympathetic nervous system [16,17]. Therefore, we used
pilocarpine as a control reagent for ELE in this study to demonstrate
anticholinergic effects as a phenotype. Pilocarpine was administered
in a dose that did not affect the water consumption of the control
HEFD group for the purpose of examining the cholinergic effect at the
biological level (Figure 1). After observing the water intake of rats
fed with HFD or HFD + ELE 5% for 3 days, it was found that water
consumption tended to increase in the dark phase (i.e., the active
period) of the rats that had ingested ELE, though the difference was
not statistically significant (Figure la). On the other hand, water
consumption in the light phases (i.e., the inactive period) was markedly
decreased following ELE ingestion (Figure 1b). In the rats fed an HFD,
this change correlated with the change in the rats’ water consumption
[15]. The results of a previous report have shown that ELE significantly
altered water consumption after the 6th day of administration in the
active period and after the 4th day in the inactive period [15]. The
present study assessed average water consumption for only 3 days. This
was because we determined that extended pilocarpine administration
would be burdensome to the rats. When the parasympathetic nervous
system is elevated more than necessary, systemic perspiration is
promoted. Therefore, long-term administration of pilocarpine may
cause side effects such as abnormal perspiration. Thus, we limited the
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administration of pilocarpine to 3 days to prevent such side effects.
In general, it is known that the sympathetic and parasympathetic
nervous systems are balanced during the active period. As dry mouth
is a known side effect of anticholinergic drugs [18], it is thought that
water consumption increased due to the anticholinergic action of ELE
(Figure 1a). On the other hand, water consumption during the inactive
period is thought to have decreased due to ELE ingestion. It is known
that the parasympathetic nervous system dominates during rest [19]. It
speculated that the parasympathetic nervous system is predominant at
rest because water consumption is 10 times lower during the inactive
period than during the active period (Figure 1). As parasympathetic
nerve activity decreases, gland secretion also decreases [20]. However,
it should be considered that the effect of ELE on water consumption
was different between the active and inactive periods (Figure 1). It has
already been reported that ELE has an appetite suppressing effect by
inhibiting the parasympathetic nervous system, which controls the
gastrointestinal tract [16]. On the other hand, chlorogenic acid, one of
the major components of ELE, is known to potentiate parasympathetic
nerves [21]. From these reports and our results, it can be assumed
that the effect of ELE on the parasympathetic nervous system may
be reversed between the active and inactive periods due to diurnal
variation. This assumption explains our findings showing that water
consumption in the inactive period was relatively decreased in the
ELE ingestion group (Figure 1b). Rats that had ingested ELE and had
pilocarpine administered during the active period showed a tendency
of increased water consumption compared with the rats that had
ingested only pilocarpine, though the difference was not statistically
significant (Figure 1a). On the other hand, in this study, the decreased
water consumption in the inactive period of rats that had ingested ELE
and the improvement of this effect following pilocarpine was significant
(Figure 1b). During the inactive period, during which parasympathetic
activity is dominant, ELE affected the parasympathetic nerves;
pilocarpine, as a parasympathomimetic drug, neutralized the action
of ELE during this period. During the inactive period, in which the
parasympathetic nervous system was predominant, pilocarpine was
administered in addition to parasympathomimetic ELE; as a result,
the drinking behavior associated with the sympathetic activation
might have been caused reflectively to maintain vital homeostasis.
However, these considerations do not come out as predictions.
Therefore, future studies should assess the autonomic nervous system
using electrocardiography, and indices such as urine volume change
and osmotic pressure change should be incorporated to render more
reliable results. In addition, since it has been predicted that the main
components of ELE have different actions, a more detailed examination
of each component is required. It would be very interesting to
investigate the relative results found in the active period and the
inactive period in terms of the action of various ELE components, and
it is important to consider the diurnal variation of living organisms and
the timing of food ingestion. In this study, ELE administration reduced
water consumption during the inactive period. In addition, it is known
that nocturnal eating and drinking, especially alcohol ingestion, occur
frequently in obese people [22]. Therefore, our results suggest that
ELE ingestion may prevent nocturnal eating and drinking and may
therefore contribute to a reduction in obesity.
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Figure 1. Effect of ELE ingestion on the parasympathetic nervous system. This experiment used water consumption to measure the effect of ELE on the parasympathetic nervous system. (a)
Rats were divided into 4 groups, as follows: HFD, HFD + pilocarpine, HFD + ELE 5%, and HFD + ELE 5% + pilocarpine. Water consumption in the dark phase (i.e., the active period of
the rat) between 19:00 and 7:00 was measured using a water bottle scale in a metabolic cage. Water consumption in the HFD ingestion group and the HFD + ELE 5% ingestion group were
not affected by pilocarpine administration. (b) Rats were divided into 4 groups, as in (a). Water consumption in the light phase (i.e., the inactive period of the rat) between 13:00 and 19:00
and between 7:00 and 11:00 was measured using a water bottle scale in a metabolic cage. The water consumption of the HFD ingestion group was not affected by pilocarpine administration.
However, in the HFD + ELE 5% ingestion group, water consumption was markedly increased by pilocarpine administration. All results were expressed as the mean + S.E., and statistical
significance was determined by one-way analysis of variance (ANOVA) with a Tukey and/or Dunnett’s test.
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