
Insulin resistance without obesity induced by cotton
pellet granuloma in mice
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Obesity leads to insulin resistance because the larger adipocytes in obese persons secrete proinflammatory cytokines that
cause chronic inflammation in adipose tissue. This, in turn, leads to the alteration of adipokine secretion, which can
induce insulin resistance. However, the development of insulin resistance without obesity is still obscure. We aimed to use
an animal inflammation model with cotton pellet granuloma (CPG) in adipose tissue to characterize insulin resistance
formation. We found that CPG in epididymal white adipose tissue (WAT), rather than in interscapular brown adipose
tissue, impaired insulin sensitivity, and glucose utilization, and that it decreased levels of phosphoinsulin receptor and
phospho-Akt in both muscle and liver tissue, but that it did not modify the body weight or food intake in mice.
Macrophage infiltration in adipose tissue, leukocyte counts, monocyte chemoattractant protein-1, and interleukin-6 were
elevated in CPG-treated mice. However, we found a marked decrease of plasma adiponectin only in the WAT group,
which might have been because of the lower level of peroxisome proliferator-activated receptor-g in WAT. These results
show that granuloma formation in WAT by implantation of a cotton pellet may induce insulin resistance under nonobese
condition through circulating inflammatory mediators, especially the low level of adiponectin.
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Obesity is a key factor in type 2 diabetes1 and it inflames
visceral white adipose tissue (WAT)2 to secrete adipokines
that activate resident macrophages, which, in turn, secrete
chemokines that recruit additional monocytes into fat.3,4

Adipokines modulate immune responses and promote vas-
cular dysfunction5 or insulin resistance6 in an endocrine,
autocrine, or paracrine manner. Low-grade systemic in-
flammation is thought to be linked to the development of
insulin resistance;3,7,8 inflammation in adipose tissue alters
the levels of adipokines in circulation.3,7

Several proinflammatory factors, such as tumor necrosis
factor-a (TNF-a), MCP-1, and IL-6, are also adipokines that
directly affect insulin signaling9,10 and regulate homeostatic
systems and insulin sensitivity.3 Systemic inflammation dis-
eases such as rheumatoid arthritis induce insulin resistance.11

As in obesity, circulating levels of TNF-a and IL-6 are ele-
vated in patients with rheumatoid arthritis. However, body

weight and body mass index are normal in most patients
with rheumatoid arthritis.12 This raises a question about
whether obesity is involved in the development of insulin
resistance under inflammatory condition.

Responses to foreign bodies include macrophage adhesion
as well as increased cytokine release and neovascularization.13

In this study, we used the cotton pellet granuloma (CPG)
method, which is extensively used to estimate antiin-
flammatory activity,14,15 as the foreign body implantation
model to evaluate the development of insulin resistance.

MATERIALS AND METHODS
Animals
Twelve-week-old BALB/c male mice were purchased from the
Animal Center of National Cheng Kung University Medical
College. Mice were housed in a temperature (25±11C) and
humidity (60±5%) controlled room and kept on a 12:12
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light–dark cycle (light on at 0600). The animal procedures
were performed according to the Guide for the Care and Use
of Laboratory Animals of the National Institutes of Health, as
well as the guidelines of the Animal Welfare Act.

Cotton Pellet Granuloma Model
All mice were anesthetized intraperitoneally (i.p.) with
10mg/kg of pentobarbital. The sterilized cotton pellets,
weighing 10±1mg each, were implanted on two sides of the
epididymal WAT group or interscapular brown adipose tissue
(BAT group). Body weight and food intake for each mouse
were recorded for the following 7 days, and then all the mice
were killed. The serum from each group was collected for
enzyme-linked immunosorbent assays (ELISA) before the
livers, skeletal muscle, WAT and BAT were collected and
stored for further experiments.

Tolbutamide Test Assay
Each group of mice was given tolbutamide (10mg/kg; i.p.;
Sigma-Aldrich, St Louis, MO, USA), and their blood glucose
levels were determined after 90min using an automatic blood
glucose meter (Quik-Lab, Ames; Miles Inc., Elkhart, IN,
USA) as previously described.16

Insulin Tolerance Test
The mice were fasted for 6 h and then their insulin tolerance
was tested and initial blood glucose was determined. The
mice were next given insulin (1.0mU/g; i.p.; Novo Nordisk,
Bagsvaerd, Denmark), and the blood samples were collected
from the retroorbital sinus of each mouse at 0, 30, 60, 90, and
120min postinjection for blood glucose measurements.

Intraperitoneal Glucose Tolerance Test
The mice were fasted for 6 h and then given glucose (1.0 g/kg;
i.p.). Blood samples were collected from the retroorbital sinus
at regular intervals, and then the glucose concentration was
measured.

Western Blot Analysis
After starvation for 24 h, the mice were given 5 units of in-
sulin (Novo Nordisk) in the inferior vena cava. After 5min,
the liver and hind leg muscles were removed, and the samples
were homogenized with ice-cold phosphate-buffered saline
(PBS) containing 1% Nonidet P-40, 1mM of phe-
nylmethylsulfonyl fluoride, 10 mg/ml of aprotinin, 50mM
of sodium fluoride, and 2mM of sodium orthovanadate
(Sigma-Aldrich). Protein lysates (30 mg) were separated using
10% SDS–polyacrylamide gel electrophoresis and transferred
to a polyvinylidene difluoride membrane (Millipore, Bill-
erica, MA, USA). After they had been blocked with 3% milk
in TBS-T (10mM Tris (pH 7.6), 150mM NaCl, and 0.05%
Tween 20), the membranes were incubated with appropriate
antibodies containing insulin receptor (IR; Neomarkers,
Fremont, CA, USA), phospho-IR Tyr972 (Upstate Bio-
technology, Temecula, CA, USA), Akt and phospho-Akt (Cell

Signaling Technology, Beverly, MA, USA), peroxisome pro-
liferator activator receptor-g (PPARg; Santa Cruz Bio-
technology, Santa Cruz, CA, USA). Subsequently, the blots
were visualized using an enhanced chemiluminescence kit
(PerkinElmer, Boston, MA, USA). Actin (Sigma-Aldrich) was
an internal control. The optical densities of the bands were
determined using software (Gel-Pro Analyzer 4.0; Media
Cybernetics Inc., Silver Spring, MD, USA).

Histological Analysis
The WAT and BAT were removed from each group of mice,
fixed in PBS containing 10% formaldehyde, and maintained
at 41C for 2 days. Fixed specimens were dehydrated and
embedded in paraffin. The fat pad was then cut into 5-mm
thick sections at 50-mm intervals and then stained with he-
matoxylin and eosin (H&E). For macrophage staining, the
samples were mounted on glass slides and depleted of par-
affin with xylene, and autoclave (1211C, 1.1 atm for 16min)
in 0.01M sodium citrate buffer (pH 6.0). After they had been
blocked with 5% milk, the sections were im-
munohistochemically stained overnight at 41C with a 1:1000
dilution of F4/80 antibody (Serotec, Oxford, UK). Immune
complexes were detected with biotinylated secondary anti-
bodies (BD Biosciences, San Diego, CA, USA), HRP-con-
jugated streptavidin (Dako, Kyoto, Japan), and the
peroxidase substrate diaminobenzidine (Dako). After they
had been counterstained with hematoxylin (Muto Pure
Chemicals, Tokyo, Japan), mounting solution (Matsunami
Glass, Osaka, Japan), and cover slips were added to the sec-
tions. The sections were then observed with a light micro-
scope.

Flow Cytometry
The tissue was cut into small pieces and digested for 40min
at 371C with 2mg/ml of type-II collagenase (Sigma-Aldrich)
in Krebs Ringer bicarbonate buffer (pH 7.4). After it had
been digested, the fraction of the digested tissue was filtered
through a nylon mesh (100 mm), the filtrate was centrifuged
at 200 g. The stromal-vascular fraction was obtained from the
resulting pellet. Red blood cells were removed using lysis
buffer containing 155mM of ammonium chloride (Sigma-
Aldrich), 10mM of potassium bicarbonate (Fisher Biotech,
Pittsburgh, PA, USA), 0.5M EDTA (pH 8.0), and 1N hy-
drochloric acid. The remnant was suspended and fixed in
PBS containing 4% paraformaldehyde for 2 h. The cells were
then labeled with FITC-conjugated antibodies to mouse F4/
80 (Serotec), Gr-1, and CD31 (BD Biosciences). Each cell
population was then quantitated (FACScan; BD Biosciences).

Analyzing Parameters in Serum
ELISA kits were used to determine MCP-1 (eBioscience, San
Diego, CA, USA), IL-6, resistin (AssayPro, Brooklyn, NY,
USA), insulin (Mercodia AB, Uppsala, Sweden), and adipo-
nectin (R&D Systems, Minneapolis, MI, USA) levels in
serum. Homeostasis model assessment-insulin resistance
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(HOMA-IR) was calculated as fasting glucose (mM)� fasting
insulin (mU/l)/22.5.17 Blood smear specimens were made
and stained with Wright-Giemsa stain for white blood cell
counts.

Statistical Analysis
All data are mean±s.e.m. The differences between the WAT,
BAT, and sham groups were compared using Student’s t-test.
Statistical significance was set at Po0.05.

RESULTS
Cotton Pellet Implantation Induced CPG Formation
without Obesity
Cotton pellets were implanted into the WAT and inter-
scapular BAT of mice for 7 days, at which point they devel-
oped CPG (Figure 1a). There were no statistically significant
differences in body weight, food intake, or blood glucose
levels between the cotton-implanted WAT and BAT groups
and the sham group (Table 1).

Changes of Plasma Leukocyte Counts and
Proinflammatory Cytokines in CPG-Treated Mice
Both the WAT and BAT groups showed significant increases
in total white blood cells, neutrophils, and mononuclear cells
(Table 1; Po0.05–0.001), in addition to higher levels of the
MCP-1 (Figure 1b) and IL-6 (Figure 1c; Po0.01). The adi-
ponectin level was significantly lower in the WAT group
but not in the BAT group compared with the sham group
(Figure 1d; Po0.001). Resistin (Figure 1e) and RBP4
(Figure 1f) levels were not significantly different between the
three groups.

Mice Decreased Their Response to Tolbutamide after
Implanting Cotton Pellets in WAT Group
The response of WAT group mice to tolbutamide, an insulin-
releasing agent, was significantly decreased compared with
the sham group (9.6 vs 30.7%; Figure 1g; Po0.001). The
reduction of the blood glucose-lowering action of tolbuta-
mide in the WAT group reached the maximum on day 7 and
declined on day 21 (data not shown). There was no sig-
nificant difference between the BAT and sham groups.

Implanting Cotton Pellets in WAT Group Mice Induced
Insulin Resistance and Glucose Intolerance
An intraperitoneal glucose tolerance test and insulin toler-
ance test were used to assess insulin sensitivity showed that
the blood glucose-lowering action of insulin (Figure 2a) and
the glucose utilization (Figure 2b) of the WAT group, but not
of the BAT group, were impaired compared with the sham
group.

Implanting Cotton Pellets in WAT Group Mice Decreased
Phosphorylation of IR and Akt Proteins in Their Skeletal
Muscle and Liver Tissue
To confirm that implanting cotton pellets in WAT group mice
caused the defects in insulin signaling, western blotting was
used to examine the levels of phosphorylated IR and Akt in
muscle and liver tissue. The relative expression levels of the
phosphoproteins were normalized to those of the proteins
themselves. In the presence of insulin stimulation, the levels
of phospho-IR (Figure 3a and c) and Akt (Figure 3b and d)
in both muscle and liver tissue were decreased in WAT but
not BAT group mice compared with the sham group.

Implanting Cotton Pellets in WAT and BAT Group Mice
Increased Macrophage Infiltration in Their Adipose
Tissue
After cotton had been implanted in WAT and BAT group
mice for 7 days, H&E staining showed a marked increase in
mononuclear cell infiltration in WAT (Figure 4b) and BAT
(Figure 4d) as compared with the sham group (Figure 4a and c).
Several mononuclear cells were identified as F4/80þ

macrophages and the aggregated F4/80þ cells surrounded
adipocytes in both WAT (Figure 4f) and BAT (Figure 4h) as
compared with the sham group (Figure 4e and g).

Figure 1 Cotton pellets implanted in the epididymal white adipose tissue

(WAT) and interscapular brown adipose tissue (BAT) of BALB/c male mice.

After pellet implantation for 7 days, granuloma formation (a), altered

proinflammatory cytokine levels (b–f), and decreased sensitivity to

tolbutamide (g) were observed. Data are mean (±s.e.m.) of the averages

from six to eight experiments. *Po0.05, **Po0.01, and ***Po0.001

compared with the sham group.
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Implanting Cotton Pellets in WAT Group Mice Induced
Macrophage and Neutrophil Infiltration, Elevated
Angiogenesis, and Decreased PPARc Expression
The degree of macrophage infiltration was quantified using
flow cytometry (Figure 5a). The number of infiltrated mac-
rophages increased 5.7 times in the stromal-vascular fraction
of the WAT group compared with the sham group. The
subpopulation of Gr-1þ neutrophils in the WAT group was
twice that of the sham group (Figure 5b). Moreover, the
number of CD31þ endothelial cells increased 1.5 times in the
WAT group compared with the sham group (Figure 5c).
However, the level of PPARg in the WAT group decreased
compared with the sham group (Figure 5d).

DISCUSSION
In this study, leukocyte counts were increased after cotton
implantation, moreover, the increment of inflammatory
parameters, such as MCP-1 and IL-6 were also observed.
These results were consistent with previous studies,15,18–20 as
well as similar to the chronic inflammatory responses in-
duced by foreign body implantation, which had enlarged
population of mononuclear cells during 2 weeks.15,18–20

However, CPG did not affect body weight or food intake in
WAT and BAT group mice. In addition, CPG in WAT group
mice, but not in BAT group mice, impaired insulin sensitivity
and glucose utility, as indicated by the exacerbated values of
HOMA-IR, and that it downregulated insulin signals, as in-
dicated by decreased levels of phospho-IR and -Akt in both
muscle and liver tissue.

Neutrophils and monocytes are mentioned as a potential
source of proinflammatory cytokines involved in the devel-
opment of insulin resistance.21 An increased number of
neutrophils was observed in patients with type 2 diabetes22

and the neutrophils showed impaired phagocytosis.23

Table 1 Metabolic parameters between the epididymal white adipose tissue and interscapular brown adipose tissue implanted
with cotton in mice

Sham WAT BAT

Before After Before After Before After

Body weight (g) 23.9±0.4 24.1±0.3 24.2±0.3 24.0±0.4 23.2±0.5 23.5±0.3

Food intake (g) 5.8±0.2 5.6±0.1 5.6±0.4 5.4±0.1 5.6±0.1 5.8±0.3

Blood glucose (mg per 100ml) 144.4±3.1 140.6±7.1 138.0±7.1 142.4±7.6 141.6±6.7 132.0±8.3

Plasma insulin (pM) 121.9±10.8 125.5±2.8 119.0±9.6 137.2±3.9* 125.2±3.6 128.9±3.8

HOMA-IR 6.3±0.6 6.3±0.2 6.1±0.5 6.9±0.2* 5.9±0.5 6.1±0.4

Total WBC (105 cells per ml) 18.0±3.0 17.6±2.0 19.6±2.1 42.5±3.6** 21.3±1.6 39.8±7.0**

Neutrophils (105 cells per ml) 7.4±1.8 6.8±0.9 6.8±1.6 24.5±4.2*** 6.5±1.9 19.8±3.6**

Mononuclear cells (105 cells per ml) 11.4±4.1 10.9±2.1 13.9±0.4 18.0±1.1* 15.8±0.9 20.0±5.8**

*Po0.05, **Po0.01, and ***Po0.001 compared with the sham group.

Figure 2 The epididymal white adipose tissue (WAT), but not interscapular

brown adipose tissue (BAT) implanted with cotton pellet exhibits insulin

resistance and glucose intolerance in mice. (a) An insulin tolerance test (ITT)

and (b) an intraperitoneal glucose tolerance test (IPGTT) carried out 7 days

after cotton pellets had been implanted in the epididymal WAT and

interscapular BAT of BALB/c male mice showed insulin resistance and

glucose intolerance in the WAT group mice. Data are mean (±s.e.m.) of the

averages from eight experiments. *Po0.05 and **Po0.01 compared with

the sham group.
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Moreover, monocytes with impaired chemotaxis24 and pha-
gocytosis25 are also found in diabetic patients. We found an
increased subpopulation of mononuclear cells and neu-
trophils both in adipose tissue and in systemic circulation.
RBP4 and resistin are associated with insulin resistance in
mice,26,27 although their function in humans with type 2
diabetes is still controversial.28,29 We did not find any sig-
nificant differences in serum levels of resistin or RBP4 be-
tween the WATand BAT groups and the sham group. It seems
possible that neither protein was involved in the development
of insulin resistance of the CPG model.

We found that insulin resistance developed only in WAT
group mice and not in BAT group mice, which might have
been because of the variability between WAT and BAT: their
developmental patterns, functions, and gene expression

profiles are distinct.30,31 In mammals, BAT is abundant in the
neonatal stage, but decreases shortly after birth and has been
considered insignificant in adults. WAT, however, increases
and disperses throughout the body as a young mammal
grows to adulthood.30 BAT is important in both basal and
inducible energy expenditure in the form of thermogenesis,32

whereas WAT is involved in energy storage and actively
participates in regulating homeostatic systems. Because WAT
is more responsive to inflammatory situations than BAT is,
the WAT deposits are quantitatively more important than
BAT.33 In addition, a rising number of studies indicate that
the gene profiles of WAT and BAT are different.31 Several
complement factors, such as complement factor B, are more
highly expressed in WAT.31 We found that implanting cotton
pellets in both types of adipose tissue produced various

Figure 3 Decreased phosphorylation of insulin receptor (IR) and Akt proteins in skeletal muscle and liver tissue after cotton pellets had been implanted in

epididymal white adipose tissue (WAT), but not interscapular brown adipose tissue (BAT). Protein expression was detected in skeletal muscle (a, b) and liver

(c, d) tissue using western blotting. Data are ratios of phospho-IR/IR or phospho-Akt/Akt in one sample, and are the mean (±s.e.m.) of four experiments.

*Po0.05, **Po0.01, and ***Po0.001 compared with the sham group in the presence of insulin stimulation.
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degrees of inflammatory responses indicated by increases in
the number of circulating leukocyte, in serum concentrations
of MCP-1 and IL-6, and in mononuclear cell infiltration into
adipose tissue. We conclude that WAT and BAT may have
different functions and responses to inflammation.

Adiponectin acts in numerous ways against diabetes, in-
flammation, and atherogeny,34,35 and it regulates glucose
metabolism as an insulin sensitizer.36 Adiponectin secreted
from BAT is important for regulating glucose and lipid me-
tabolism during the perinatal period; WAT takes over these
functions and the secretion of adiponectin in adults.37

Overexpression of adiponectin in genetically obese (ob/ob)
mice ameliorates insulin resistance.38 Otherwise, mice lacking
adiponectin show hepatic insulin resistance.39 Moreover, a
low serum level of adiponectin is thought to be a trait maker
to predict the development of diabetes;40 it is also widely

investigated as a promising therapeutic target for type 2
diabetes, metabolic syndrome, and cardiovascular disease.41

We found that the adiponectin level in the WAT group was
much lower than in the BAT group. Thus, decreased adipo-
nectin levels in circulation may accelerate the development of
insulin resistance. On the other hand, PPARg is an essential
factor for decreasing macrophage activation42 and in-
flammatory cytokines production.43 Its agonists increase
adiponectin secretion in cell lines, animal models, and hu-
mans.44 We found that the levels of PPARg in adipose tissue

Figure 4 After cotton pellets had been implanted in the epididymal white

adipose tissue (WAT) and interscapular brown adipose tissue (BAT) of BALB/c

male mice, macrophage infiltration increased. The results of a histological

analysis of sham (a, c, e, g), WAT (a, b, e, f), and BAT (c, d, g, h) group tissue

are shown. Tissue sections were cut from the sham, WAT and BAT group fat

pads, and then stained with hematoxylin and eosin (a–d) and F4/80

antibody (e–h).

Figure 5 Cotton pellets implanted in the epididymal white adipose tissue

(WAT) and interscapular brown adipose tissue (BAT) of BALB/c male mice

induced macrophage and neutrophil infiltration, elevated angiogenesis,

and reduced PPARg expression in WAT group mice. Immune cells were

obtained from the stromal-vascular fraction in WAT, and stained with

antibodies: F4/80 (a), Gr-1 (b), and CD31 (c). The cell subpopulations were

quantitated using flow cytometry. Data are mean (±s.e.m.) of the averages

from three experiments. (d) PPARg expression levels in WAT group mice

were detected using western blotting. Data are ratios of each protein to

actin, which was an internal control and are mean (±s.e.m.) of the averages

from four experiments. *Po0.05, **Po0.01, and ***Po0.001 compared

with the sham group.
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and adiponectin in circulation had both decreased after the
cotton pellets had been implanted in WAT, and that both
their protective functions had been impaired. Taken together,
the depot-dependent variability, differential sensitivity to
inflammation, and altered levels of adiponectin between WAT
and BAT with granuloma formation might explain the in-
duction of insulin resistance.

Adipose tissue releases abnormal amounts of adipokines to
activate the immune response for the development of insulin
resistance in obese individuals.45 However, more than 60% of
patients with type 2 diabetes are obese in developed coun-
tries; lean noninsulin-dependent diabetes mellitus (a body
mass index o18.5) is prevalent in developing countries.46,47

Some animal models of insulin resistance without obesity
have been established. Animals lacking adequate adipose
tissue stores, such as homozygous Akt2 knockout mice, are
insulin resistant, but they have reduced adipose tissue mass.48

A prolonged infusion of recombinant TNF-a for 24 h in rats
produces hepatic or peripheral insulin resistance without
altering body weight.49 Furthermore, homozygous IRS-2
deficient mice50 and heterozygous for a null allele of the IR51

are insulin resistant without obesity. We established, in this
study, an insulin resistant animal model related to in-
flammation in nonobese mice, which is consistent with other
reports that obesity may not be essential for developing in-
sulin resistance.49–51 Our present findings also indicated that
implanting cotton pellets in WAT may increase the infiltra-
tion of immune cells into adipose tissue, as well as down-
regulate PPARg expression in WAT, which leads lower levels
of adiponectin and acceleration of the development of insulin
resistance in mice.
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