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Introduction
Obesity is known to be a risk factor for life style-related diseases 

such as cardiovascular disease, diabetes, musculoskeletal disorders 
(especially osteoarthritis), hypertension, kidney disease, gout, and so 
on. Preventing obesity has a beneficial influence on not only health 
problems, but also economic problems. Obesity is characterized as 
hypertrophy and proliferation of adipocytes in white adipose tissue 
(WAT) [1,2]. Eucommia leaf extract (ELE) has been reported to have 
various bioactive properties [3-11], such as anti-obesity effects [6-
11]. Asperuloside (ASP) is indicated as the major ingredient of ELE; 
it contributes to its anti-obesity effect [8,11]. In the previous study, 
the administration of ELE or ASP significantly reduced the ratio of 
WAT weight to the body weight in perirenal WAT and tended to 
reduce this ratio in epididymal WAT [9,11]. The aim of this study is to 
ascertain whether ELE and its major component, ASP, affect the size of 
adipocytes in WAT.

Materials and methods
Animals and diets

Male Sprague-Dawley rats (4 weeks old; 75–80 g), purchased from 
SLC, Inc., were maintained at a temperature of 23–26°C and a relative 
humidity of 50–65% for 2 weeks after they were procured. The rats were 
divided into four groups (Control-HFD, ELE5%-HFD, ASP0.1%-HFD, 
and ASP0.3%-HFD; n = 6 for each group) based on body weight. Under 
HFD (2635.9 kJ (630 kcal)/100 g) conditions, all animals were fed a 
commercial diet containing 29.7% lard (Oriental Yeast Co. Ltd.), water 
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(7.7%), protein (23.6%), lipid (35.0%), ash (6.1%), dietary fiber (2.9%), 
and nitrogen-free extract (24.7%). Test foods were prepared by adding 
5% ELE and 0.1 and 0.3% ASP, or by adding 5% casein as a control. 
The test foods were provided ad libitum for 3 months. The doses 
given to HFD fed animals were determined based on previous studies 
[9,11]. After chronic administration of ELE and ASP, the body weight 
was measured, and the rats were sacrificed without stress; the WATs 
(perirenal WAT and epididymal WAT) were immediately removed. 
The Institutional Animal Care and Use Committees at Mie University 
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Faculty of Medicine and the Suzuka University of Medical Science 
approved the animal facilities and study protocols. All procedures 
were performed in accordance with the National Institutes of Health 
guidelines for animal care. 

Morphological observations

The WAT was fixed with formalin and stained with hematoxylin 
and eosin, as reported previously [8]. We then observed the size of the 
stained adipocyte in visceral WAT (perirenal and epididymal) with a 
microscope.

Results
Compared with the Control-HFD group, the size of adipocytes in 

perirenal WAT decreased markedly in 3 months in the ELE5%-HFD 
group. This decrease was also observed in the ASP (0.1, 0.3%)-HFD 
group, compared to the Control-HFD group (Figure 1). However, a 
dose-dependent decrease was not observed in the ASP (0.1%–0.3%)-
HFD group. On the other hand, the size of adipocytes in epididymal 
WAT decreased slightly in 3 months in the ELE5%-HFD group, 
compared to the Control-HFD group (Figure 2). The ASP (0.1, 0.3%)-
HFD group showed a marked decrease in the size of adipocytes in 
epididymal WAT, and a dose-dependent decrease was observed in the 
ASP (0.1%–0.3%)-HFD group (Figure 2).

Discussion
In the previous study, ELE and its major component, ASP, were 

reported to result in the reduction of epididymal and perirenal WAT 
[9,11]. In this study, we found that ELE and ASP inhibited the HFD-
induced hypertrophy of adipocytes in both perirenal and epididymal 
WAT. When WAT expansion occurs with obesity, the size, and/or the 
number of adipocytes is known to increase [2]. In such conditions, 
both ELE and ASP seemed to prevent obesity through the prevention 
of the hypertrophy of adipocytes in the visceral WAT. The hypertrophy 
of adipocytes in the visceral WAT is correlated with a high incidence 
of metabolic disorders. The hypertrophy of adipocytes in the visceral 
WAT increased basal fatty acid release, pro-inflammatory cytokine 
release, immune cell recruitment, hypoxia, fibrosis, decreased 
adiponectin, and impaired insulin sensitivity [1]. ELE and ASP could 
be beneficial for curbing metabolic disorders, as they prevent these 
harmful effects, which are caused by the hypertrophy of adipocytes in 
the visceral WAT. 
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Figure 1. ELE and ASP prevented the HFD-induced hypertrophy of adipocytes in perirenal WAT. The scale bar indicates 50 µm. a) Control-HFD group, b) ELE5%-HFD group, c) ASP0.1%-
HFD group, d) ASP0.3%-HFD group.
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Figure 2. ELE and ASP prevented the HFD-induced hypertrophy of adipocytes in epididymal WAT. The scale bar indicates 50 µm. a) Control-HFD group, b) ELE5%-HFD group, c) 
ASP0.1%-HFD group, d) ASP0.3%-HFD group.
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