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  Obesity and diabetes are two contributing factors to the metabolic 
syndrome which is a state of low-grade inflammation characterized 
by a clustering of multiple metabolic abnormalities with obesity, 
hypertension, dyslipidemia, insulin resistance, and impaired glucose 
tolerance as its main components [1]. Randomized controlled 
trials in human patients have shown that acupuncture, usually 
electroacupuncture (EA), can correct various metabolic disturbances 
that contribute to hyperglycemia, overweight, hyperphagia, 
hyperlipidemia, inflammation, altered activity of the sympathetic 
nervous system, and insulin signaling defects [2]. Obesity is a low-
grade chronic inflammatory disease characterized by an excess 
accumulation of visceral fat especially white adipose tissue (WAT). 
Increased WAT mass is known to produce and secrete a wide range 
of pro-inflammatory mediators, resulting in an imbalance in the 
production of anti-/pro-inflammatory cytokines. Local proliferation 
of adipose tissue macrophages, in addition to macrophage infiltration 
from the bloodstream, occurs in the WAT [3]. The adipose tissue 
macrophages may thus be a major source of pro-inflammatory 
cytokines. Most of the obesity-related metabolic disturbances are 
reversible with weight loss and this is associated with a reduction 
in the macrophage infiltration of WAT and an improvement in the 
inflammatory profile of gene expression [4]. Factors derived from 
adipocytes and adipose tissue macrophages may play a role in the 
pathogenesis of insulin resistance characteristic of obesity and 
diabetes mellitus. 

Many  animal models have been used for research on the components 
of the metabolic syndrome and have included the Zucker rat. Zucker 
fatty (ZF) rats and Zucker diabetic fatty (ZDF) rats are two models 
commonly used to study obesity and diabetes. Both models possess a 
single gene (fa/fa) mutation characterized by a defect in leptin receptor. 
Obese ZF rats can be visually distinguished from their lean littermates 
by 5 weeks of age [5] due to excessive deposition of subcutaneous and 
visceral adipose tissue. ZDF rats possess an additional defect in β-cell 
gene transcription and male ZDF rats spontaneously become diabetic, 
representing a model of obesity associated with diabetes. Both models 
exhibit hyperphagia, insulin resistance, dyslipidemia, central adiposity 
and hypertension [6]. Miranville et al. [6] compared male ZF and ZDF 
rats for the level of adipose tissue infiltrated macrophages. No change 
in the serum levels of pro- and anti-inflammatory markers was found 
in obese ZF rats compared to their lean littermates. Obese ZDF rats 
exhibited significantly higher serum levels of the pro-inflammatory 
markers Rantes, monocyte chemoattractant protein-1 (MCP-1), 
interleukin-1β (IL-1β) than their lean littermates with no change 
in the level of the anti-inflammatory adipokine, adiponectin. Their 
findings suggest that although both models exhibited signs of local 
inflammation within visceral adipose tissue, only the ZDF rats exhibit 
systemic inflammation.

Liaw and Peplow [7] treated male obese ZF rats with EA at Zhongwan 
(CV12) and Guanyuan (CV4) acupoints over 2 weeks. These animals 
had high serum levels of leptin and insulin, and repeated application 
of EA significantly decreased serum tumor necrosis factor-α (TNF-α) 
and IL-10. It was suggested that these findings were consistent with 
EA likely inhibiting proliferation and/or infiltration of macrophages 
in the adipose tissue of the obese ZF rats, and also stimulating the 
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release of IL-10 from the decreased numbers of adipose tissue 
macrophages present. There were no significant changes in body 
weight and blood glucose at the end of the study compared to control 
animals. Previous studies had shown that obesity in rodents resulted in 
an increase in macrophages in adipose tissue [8,9] due to an increased 
infiltration and/or proliferation of these cells [3] and infiltration of 
macrophages into adipose tissue of diet-induced obese rats was 
inhibited by EA [10]. Inhibition of macrophage infiltration would 
explain the decreased serum TNF-α level after EA treatment. The lack 
of a decrease in serum IL-10 by a reduced number of macrophages 
in the adipose tissue would suggest that EA has altered the activation 
state of the macrophages from classically activated (M1 activation 
state) to alternatively activated (M2 activation state). In future studies, 
immunohistochemistry against cell surface markers should be 
performed to enable characterisation of macrophage phenotype more 
accurately.

Peplow and Han [11] have studied the effects of EA in male obese 
ZDF rats. Repeated application of EA to hyperglycemic obese ZDF 
rats of mean age 12.3 weeks at Zhongwan and Guanyuan acupoints 
over 2 weeks significantly lowered blood glucose. In addition, Peplow 
[12] found that these rats had lost their hyperinsulinemia and the 
serum level of leptin was decreased while that of adiponectin was 
raised by EA treatment, thereby resulting in a significant increase in 
the adiponectin:leptin ratio. It would be of interest to repeat this study 
and to measure serum levels of TNF-α and IL-10. Miranville et al. [6] 
had reported ZDF obese rats losing their initial hyperinsulinemia due 
to β-cell failure at around 10 weeks of age. Peplow and McLean [13] 
have also performed repeated EA treatment of older male obese ZDF 
rats of mean age 23.3 weeks at Zhongwan and Guanyuan acupoints 
over 2 weeks and showed that blood glucose was significantly 
lowered. Serum levels of adiponectin, leptin and adiponectin: leptin 
ratio were not significantly different compared to controls. Regular 
administration of insulin-sensitizing drugs like the thiazolidinediones 
(TZDs) rosiglitazone or pioglitazone to male obese ZDF rats on
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Purina 5008 fully prevented hyperglycemia or restored normoglycemia 
if the treatment was initiated at an age of less than 9 weeks. However, 
more severe hyperglycemia prevailing at ages 10 to 12 weeks could 
only be ameliorated by TZDs, and intervention at 21 weeks of 
age was without a glucose-lowering effect [14] in contrast to EA 
application reported by Peplow and McLean [13]. The anti-diabetic 
action of TZDs requires adiponectin, with plasma adiponectin 
levels being raised through TZD effects on synthesis and secretion 
by WAT [15,16]. Adiponectin is an anti-inflammatory and insulin-
sensitizing adipokine. It enhances insulin sensitivity by upregulating 
insulin receptor substrates, which is mediated by IL-6 induction from 
macrophages [17]. 

In summary, only a few naturally occurring diabetes-prone and 
genetically altered rodent strains present with insulin resistance and 
hyperinsulinemia spontaneously. The male obese ZF rat and male 
obese ZDF rat have been shown to be very useful animal models for 
studying the effects of EA on metabolic syndrome. Female ZDF rats 
become diabetic when fed high-fat diets [6] and effects of EA can also 
be studied in this model.
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