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Body girdle reduced fat deposition and altered other body parameters in rats
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Abstract: Many women favor in wearing foundation garments to shape their body and show satisfactory figures. However, few investigations 
have been conducted on the physiological impact of wearing tight garments on the body. In this study, we used girdled rats that were fed with a 
high fat diet to investigate their physiological condition including alterations in food intake, body weight, fat deposition, and hormone concentra-
tions. Over the experiment period, girdled rats maintained normal plasma and liver cholesterol and triglyceride. Leptin level in girdled rats was 
significantly lower than that in normal control. The fat tissue of girdled rats was more active in secretion of leptin, which might be mediated by 
mTOR signaling. Girdled rats showed no difference in hematology analysis during the experiment period. This study showed that a body girdle 
can significantly reduce fat deposition and alter other body parameters in rats.
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Introduction

Obesity is increasingly prevalent in the world. People 
try to lose extra body weight by various means, such 
as changing diet and exercise. Women, who wished to 
show a slimmer body shape and build self-confidence, 
also turned to wear foundation garments (1). Founda-
tion garments, including corsets, girdles and waist nip-
pers, are a type of lingerie for body shaping. However, 
there is limited information regarding the physiological 
impact of wearing tight garments on body composi-
tion and functional variables such as food intake, body 
weight, fat deposition, and hormone concentrations.

The diet-induced fat deposition in bodies can be 
metabolized through energy expenditure, excretion and 
lipolysis. Food intake and energy expenditure are regu-
lated by a circulating adipocyte-derived protein called 
leptin (2). Leptin administration is the reason for both 
decrease in food intake and increase in thermogenesis 
(3-5). Energy restriction was related to low leptin levels, 
while overfeeding increased circulating leptin levels 
(6,7). Thus, it appears that circulating leptin in humans 
reflects adipose stores and plays a key role in peripheral 
lipid metabolism (8-10).

Leptin directly activates resident macrophages to 
form lipid droplets and enhances eicosanoid production 
via activation of the PI3K/ mTOR pathway (11). Impor-
tant roles for mTOR in leptin signaling have been esta-
blished to control food intake in hypothalamic centers 
and in peripheral cells to regulate lipid metabolism and 
inflammation (12). Leptin-induced mTOR activation 
may be associated with obesity-related pathophysiolo-
gical conditions (13,14). 

In this study, we used girdled rats that were fed with 
a high fat diet to investigate how physiological condi-
tion changed over 2-week periods and 4-week periods. 
This study demonstrates that a girdle resulted in major 
changes in rat feeding behavior, body composition and 

lipid metabolism. During the initial 2 weeks period, the 
girdled rats showed more food consuming, much lower 
body fat and much lower grade of liver steatosis than the 
control animals, which was partly due to increased phy-
sical activity in the girdled rats. After 4 weeks, howe-
ver, the girdled rats seemed to be adapted to wearing the 
girdle and begun to show increases in adiposity and the 
associated negative effects, although liver steatosis was 
still less than that in the control animals.

Materials and Methods

Animal and diets
Sprague–Dawley (SD) male rats (200±12g, n=24), 

purchased from Beijing Experimental Animal Center 
(Beijing, China), were caged individually (40 L× 25H 
×20W cm3) at 20°C and 45% humidity. Light time 
was 12h per day from 8:00 to 20:00. Rats were trea-
ted according to the Guidelines of China Department 
of Agriculture (Beijing, China), with the approval of 
the China Agricultural University Animal Care and Use 
Committee. All rats were surgically gonadectomized. 
After a 5-d recovery, rats anesthetized with 4 mg/100g 
body weight/i.p. sodium pentobarbital (Sigma-Aldrich, 
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St. Louis, MO, US), were fitted with a girdle bound by 
elastic textile cloth from the neck to the belly (n=12). To 
prevent tearing and biting, each rat was equipped with 
a plastic funnel surrounding the head, allowing the rats 
to eat and drink. A separate group of funneled but not 
clothed rats were used as controls (n=12). 

All rats received a high fat diet comprised of regular 
chow supplemented with 15% butter and 1.25% cho-
lesterol (wt/wt) as described previously(15). Food and 
water were available. Body weight was monitored every 
3 days, and feed consumption was recorded everyday. 
Feces were collected over two periods of three consecu-
tive days as described below. 

Food was withdrawn for 12h prior to sampling. Six 
rats from each group were killed after 2 weeks, and the 
remaining rats were killed after 4 weeks. Rats were 
anaesthetized to kill by blood sampling via cardiac 
puncture. Body length and body weight were deter-
mined. Tissues were removed, weighed and stored in 
liquid nitrogen until further analysis. Additionally, liver 
samples for histology were cut from the same location 
(0.5 cm from central vein) of each rat and fixed in buf-
fered formalin. 

Digestibility
To evaluate digestibility, feces were collected over 

two periods of three continuous days. The first period 
was on days 10-12 and the second period was on days 
24-26. Feces were collected from 8:00 to 18:00 on the 
collection day. All feces for individual rats were pooled 
and stored at -20°C. Fecal samples were dried in a va-
cuum-freeze dryer (Tofflon Freezing Drying Systems, 
Shanghai, China), ground through a 1 mm screen, tho-
roughly mixed and collected for chemical analysis. All 
analyses were conducted in duplicate and repeated if the 
results differed by more than 5%. Feed and fecal energy 
(GE) were measured with an adiabatic oxygen bomb 
calorimeter (Parr Instruments, Moline, IL). Digestible 
energy (DE) was then calculated by subtraction of fecal 
energy from feed energy. Energy digestibility was the 
ratio of DE to GE. 

Animal activity
To evaluate rat activity in the cage, we adopted the 

method described by Saibaba. We selected six rats from 
each treatment at the first day of week 2, and week 4 to 
record their behavior. Cages to be observed were gently 
eased part-way out of the rack and the rats then were 
acclimatized to the new position for 30 min. Cameras 
(Logitech) were fixed on the rack in order to capture 
the rat behavior. During each minute of observation, the 
behavior was scored by 1/0 sampling at 30s and 60s in-
tervals. The behavior patterns were modified as follows:
1. Locomote: walk or run around the cage.
2. Sniff: sniff the cage, air or substrate but with the 

nose above the sawdust.
3. Stand-upright: stand on hind legs in the center of 

the cage.
4. Stand-stare: stand still with all 4 feet on the ground 

and apparently stare ahead.
5. Climb: on the bars of the cage or with the fore paws 

up on the walls of the cage.
6. Dig: scratch or dig in the sawdust.
7. Autogroom: self-groom the body fur, including lick 

paws if this was immediately followed by auto-
groom.

8. Sit: crouched in corner of the cage.
9. Feed/drink: take food from the hopper and/or mani-

pulate it with the mouth or lick the water spout.
10. Defecate.

Measurement of plasma and chemical variables
Plasma glucose was determined with Glucose Colo-

rimetric Assay Kit (Ann Arbor, Cayman, MI). Serum 
insulin and leptin levels were assayed with ELISA kits 
(Rapidbio, West Hills, CA). Plasma lipids and hepatic 
triglyceride concentrations were determined with enzy-
matic methods (BD, San Jose, CA). 

Histological analysis
Formalin-fixed tissues were processed, embedded in 

paraffin, cut into slides and then stained with hematoxy-
lin and eosin. Liver sections were also stained with Mil-
ligan’s Trichrome Stain to examine fibrosis (Sigma, St. 
Louis, MO). Lipid accumulation was determined by Oil 
Red O (ORO) staining of cryo-sectioned tissue slides as 
previous description (15). 

Western blotting
Tissue samples were pulverized in liquid nitrogen 

and homogenized in ice-cold buffer containing 50 mM 
Tris-HCl (pH 7.4), 150 mM NaCl, 1% NP-40, 0.1% 
SDS, 0.1 mM EDTA, 1×Halt Protease and Phosphatase 
Inhibitor Cocktail (Thermo Scientific, US). After centri-
fuged at 13000 g for 15 min at 4°C, supernatants were 
sampled. Protein concentration was determined with 
the Pierce BCA Protein Assay Kit (Thermo Scientific). 
Samples were subsequently diluted with 5× Laemmli 
sample buffer and heated in boiling water for 5 min. 
Equal amounts of total protein were electrophoresed on 
10% (w/v) SDS-polyacrylamide gels and then transfer-
red onto a polyvinylidene fluoride (PVDF) membrane 
(Amersham, US). Membranes were blocked in 5% fat-
free dry milk in Tris-buffered saline (TBS) for 3 h , fol-
lowed incubation with primary antibodies overnight at 
4°C. After washed 5 times with TTBS, the membranes 
were incubated at room temperature for 40 min with 
secondary antibodies, and developed with Supersignal 
West Pico detection kit (Pierce, Rock-ford, IL, USA) 
according to manufacturer’s instructions. Signals were 
detected on Fujifilm LAS-3000. All primary and secon-
dary antibodies were purchased from Cell Signaling 
Technology.

Hematology 
Blood samples were stored with K2-EDTA for less 

than 1 h before analysis. Blood was assayed with a Min-
dray Auto Hematology Analyzer (Shenzhen, China), 
delivering a standard package of blood variables (Invi-
tros 2000) including the red (RBC) and white (WBC) 
blood cells, platelets (PLT) and the percentages of three 
WBC subpopulations – lymphocytes (LY), monocytes 
(MON) and granulocytes (GRA), values of mean plate-
let volume (MPV), mean cell volume (MCV), mean cell 
hemoglobin (MCH), mean cell hemoglobin concentra-
tion (MCHC), content of hemoglobin (HGB), red cell 
distribution width (RDW), plateletcrit (PCT), platelet 
distribution width (PDW) and hematocrit (HCT) (16). 
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feed gross energy and fecal energy, and calculated the 
corresponding digestible energy (DE) and feed energy 
digestibility. The results showed that during the initial 
sampling period, girdled rats consumed 16% more feed 
(Figure 2A) with 18% higher DE (Figure 2B) compared 
with the controls, but both groups lost similar amounts 
of energy via the feces and showed similar energy di-
gestibility. As the treatment processed to the second pe-
riod, none of these parameters showed any differences 
between the two groups (data not shown). It indicated 
an adaption period for rats wearing the girdle. These re-
sults demonstrate that girdled rats had higher energy in-
take with a similar metabolic feed efficiency, implying a 
behavioral difference between girdled rats and controls.

The behavior of girdled and control rats were 
markedly different from the control rats (Figure 3). In 
both week 2 and week 4, girdled rats showed more ac-
tive behaviors (including locomote, sniff, stand-upright, 
climb, dig and autogroom) but less sitting in the cages 
than their control counterparts. Such increased active 
behaviors could imply increased energy expenditure in 
the girdled rats. 

Effect of girdle on tissue weights
From week 2 to week 4, the control rats were keeping 

with increased body weight (C2 vs. C1, P=0.003), while 

Subpopulations of white blood cells were recognized 
according to their size: LY between 30 and 100 fL, 
MON between 100 and 150 fL and GRA between 150 
and 450 fL (Invitros 2000). MPV, PDW, PCT were para-
meters related to platelets whereas HGB, HCT, MCV, 
MCH, MCHC, RDW to erythrocytes. 

Statistical Analysis
Results are expressed as means ± SEM. In all sta-

tistical tests, differences were considered significant at 
P<0.05. One way ANOVA followed by a Bonferroni t-
test was performed to compare the difference between 
groups. All analyses and calculation were conducted 
with PASW statistics 18.0 (SPSS).

Results

Girdled rats showed increased food intake and in-
creased activity 

To evaluate the body overall health condition, we 
analyzed rat blood by examination of regular hematolo-
gical parameters, such as the numbers of red blood cells 
(RBC), white blood cells (WBC), lymphocytes, gra-
nulocytes, and platelets (Table 1). The results showed 
that all hematological parameters were in the normal 
physiological range regardless of treatment. In week 2, 
platelets of the girdled rats displayed a slightly increase, 
while other lymphocyte indices were normal.

The initial body weights of rats were closely simi-
lar. However, the body weight of girdled rats decreased 
significantly by 7% over the first four days while the 
control rats displayed a slightly increase in body weight 
(Figure 1A). After day 4 both groups of rats gradually 
increased body weight at a similar rate (Figure 1B). It 
indicated that, after an initial period of adaption to the 
girdle, body weight was no longer influenced by the 
girdle.

To evaluate the feed digestibility, we collected rat 
feces in three independent days on Days 10, 11, 12 
(period 1) and Days 22, 23, 24 (period 2), analyzed the 

2 Weeks 4 Weeks
Control (C1) Treatment (T1) Control (C2) Treatment (T2)
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) Heart 0.27±0.01 0.29±0.01 0.25±0.01 0.29±0.01‡§
Liver 3.14±0.06 3.21±0.13 2.99±0.09 3.00±0.33

Stomach 0.46±0.01 0.49±0.01* 0.40±0.01†† 0.45±0.01‡
Thymus 0.040±0.00 0.05±0.00* 0.04±0.01 0.05±0.01
Kidney 0.60±0.01 0.66±0.03 0.51±0.02†† 0.61±0.01‡‡
Spleen 0.18±0.01 0.18±0.01 0.18±0.02 0.17±0.01

Pericadial fat 0.23±0.01 0.16±0.02** 0.20±0.02 0.18±0.01
Mesenteric fat 1.31±0.05 0.73±0.06** 1.10±0.07† 0.83±0.11
Perirenal fat 1.78±0.21 0.42±0.07** 1.78±0.22 0.83±0.16‡‡§

Body fat 3.32±0.25 1.31±0.11** 3.07±0.27 1.84±0.26‡
Bust girth (cm) 15.54±0.17 15.02±0.18 16.03±0.23 15.46±0.18

Abdomen girth (cm) 17.66±0.25 16.56±0.17* 18.40±0.36 17.26±0.41
Body length (cm) 22.92±0.30 22.2±0.37 23.69±0.11† 23.03±0.17‡
Body weight (g) 333.2±4.28 299.9±3.51** 378.4±5.25† 333.0±3.33‡‡

Blood glucose (mmol/L) 5.82±0.26 5.22±0.29 5.86±0.24 5.52±0.56
Insulin (mU/L) 0.267±0.037 0.257±0.009 0.560±0.079 0.475±0.105
Leptin (ng/mL) 1.034±0.203 0.163±0.016** 0.509±0.074 0.308±0.070

Ratio of tissue weight is equal to tissue weight divided by body weight. Data are mean±SEM, n=12 at week 2 and n=6 at week 4. Statistics were 
performed with ANOVA (SPSS). *: T1 vs C1; †: C2 vs C1; ‡: T2 vs C2; §: T2 vs T1. 
P<0.05 (*,†,‡,§) and P<0.01(**,††,‡‡,§§) were considered significantly different. BW: body weight.

Table 1. Body indices and hormone levels of girdled bound treated rats at week 2 and week 4.

Figure 1. Body weight and body weight gain of girdled rats. (A) 
The change of body weight of girdled rats. (B) The change of body 
weight gain of girdled rats. During the experiment period, rat body 
weight was measured every four days. The results were expressed 
as mean±SEM (n=12 before week 2, n=6 after week 2). P value of 
less than 0.05 was considered to be statistically significant.
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the girdled rats showed no increased body weights (T2 
vs. T1) (Table 2). Similarly, most tissues of girdled rats 
showed slightly higher relative weights (T1 vs. C1; T2 
vs. C2), which might be due to the stable body weights 
from week 2 to week 4. The exception was body fat 
(comprised of pericardial fat (p=0.004), mesenteric fat 
(p=0.000) and peri-renal fat (p=0.000)) which were 
lower in the girdled rats at week 2 compared to the 
control (T1 vs. C1, P=0.000).

Additionally, girdle bound altered the relative 
weights of specific tissues in time course. For example, 
in week 2, the relative stomach weight was 7% less than 
the control (P=0.013), while in week 4, the girdle ef-
fect was extended to more than 11% (P=0.026) on this 
relative stomach weight. The relative weight of kidney 
was not significantly different from the control in the 
first 2 weeks but it grew into 16% more than the control 
(P=0.001) in week 4. It indicated that girdle bound 
might impact on feed intake and body fluid exchanging 
via kidney. During the first two weeks of treatment, 
girdle bound profoundly lowered the pericardial fat by 
30% (P=0.000), mesenteric fat by 40% (P=0.000) and 
peri-renal fat by 76% (P=0.000), thus the total body fat 
was decreased by more than 50% (T1 vs. C1, P=0.000). 

However, as the girdle bound processed to week 4, 
the relative fat weights were increased slightly (T2 vs. 
C2, P=0.011), as the pericardial and mesenteric fats 
showed no statistically different from the control, and 
the peri-renal fat content grew into 50% of the control 
(p=0.008). It demonstrated that body girdle was able to 
effectively control the fat deposition in the early period 
upon the girdle bound. As the bound restriction pro-
cessed, girdled bodies turned to grow fat which might 
be due to the body adaption. Blood glucose and plasma 
insulin levels were not changed.

Effect of the girdle on on lipid metabolism
After feeding with a high fat diet, control rats exhi-

bit higher plasma and liver cholesterol and triglyceride 
than girdled rats (Table 3). Liver histology also demons-

Figure 2. Feed intake and digestible energy of girdled rats. (A) 
Feed intake of girdled rats. (B) Digestible energy of girdled rats. 
Feed consumption was recorded every day. To evaluate the feed 
digestibility, rat feces were collected in three independent days on 
Days 10, 11, 12 (period 1) and Days 22, 23, 24 (period 2). All 
analyses were conducted in triplicate. Feed gross energy (GE) 
and fecal energy were measured with an adiabatic oxygen bomb 
calorimeter. Digestible energy (DE) was calculated by subtraction 
of fecal energy from feed gross energy. Energy digestibility was 
the ratio of DE to GE. The results were expressed as mean±SEM 
(n=12 before week 2, n=6 after week 2). P value of less than 0.05 
was considered to be statistically significant.

                        2 weeks                       4 weeks
Control (C1) Treatment (T1) Control (C2) Treatment (T2)

Serum

Total-cholesterol (mmol/L) 2.76±0.21 2.49±0.44* 2.84±0.43 2.08±0.28†
HDL-cholesterol (mmol/L) 0.94±0.01 1.35±0.04 1.56±0.03 1.82±0.02

Triglyceride (mmol/L) 2.8±0.2 1.8±0.2* 2.6±0.2 1.6±0.3†
AST (U/L) 76.4±5.7 82.7±7.4 101.7±9.8 119±9.7
ALT (U/L) 33.4±2.6 35.1±4.4 57.8±4.9 43.6±5.7

BUN (mmol/L) 5.69±0.63 7.52±1.09 8.62±0.42 7.49±0.88

Liver
Triglyceride  (µmol/g) 12.5±0.4 7.5±0.6* 12.4±0.7 8.1±0.7†
Cholesterol (µmol/g) 7.1±0.3 7.5±0.4 7.7±0.4 7.1±0.6

Data are mean±SEM, n=12 at week 2 and n=6 at week 4. Statistics were performed with ANOVA (SPSS). *: T1 vs C1; †: T2 vs C2. 
P<0.05 (*,†) was considered significantly different.

Table 2. Serum and liver lipids and serum chemical parameters of girdled bound treated rats at week 2 and week 4.

Figure 3. Activity comparison between girdled and control 
rats. Six rats were selected from each treatment at the first days of 
week 2 (A) and week 4 (B) respectively to record behavior every 
30s for 30 min. The behavior was allocated to one of the ten beha-
vior (locomote, sniff, stand-upright, stand-stare, climb, dig, auto-
groom, sit, feed/drink, defecate). The behavior was scored 1 or 0 
according to the on-time appearance. 
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trates significantly lower fat deposition in girdled rats 
(Figure 4). At week 2, control livers displayed mainly 
macro steatosis which progressed to macro and micro 
steatosis at week 4. The girdled rats had relative normal 
livers throughout the treatment period. 

Lower circulating leptin concentrations in girdled 
rats were hugely decreased in at week 2. But in the fol-
lowing two weeks, leptin levels were not different from 
the control rats. In the first two weeks, the relative adi-
pose tissue weight of girdled rats was 1.310±0.112% 
(T1) and that of the control rats was 3.323±0.249% 
(C1). The adipose tissue ratio was 3.23 vs 1.31 (C1 vs. 
T1, 2.47:1). The ratio of leptin between control and 
treatment was 1.034 vs 0.163 (C1 vs. T1, 6.34:1). In the 
week 4, the adipose tissue ratio became 3.071 vs 1.844 
(C2 vs. T2, 1.67:1) and the leptin level ratio turned 
into 0.509 vs 0.308 (C2 vs. T2, 1.65:1). These results 
showed that the adipose tissue of girdled rats secreted 
low leptin in the first two weeks, but the treatment adi-
pose tissue became more active in leptin secretion as the 
girdle bound processed into the week 4, 

Leptin secretion is regulated by a number of fac-
tors, including activation of mTOR(12). mTOR levels 
were significantly higher in the peri-renal adipose tis-
sue of girdled rats in week 2 compared with the levels 
in control rats. However, by week 4, the mTOR levels 
of girdled rats were the same as those of control rats 
(Figure 5). It implied that in the early period of girdle 
bound, the adipose tissues of girdled rats were regu-
lated to secrete leptin, which in turn regulated body 
weight, food consumption, lipolysis, energy consump-
tion and body temperature. This regulatory effect was 
subsequently attenuated as girdled bound processed to 
week 4.

Discussion

Obesity has grown to be a major problem, especially 
in China where about 20% of the world’s obese people 

2 Weeks 4 Weeks
Control (C1) Treatment (T1) Control (C2) Treatment (T2)

WBC (109/L) 4.16±0.64 4.48±0.59 6.84±0.65 4.74±1.36
Lymph# (109/L) 3.1±0.59 3.25±0.57 5.02±0.65 3.44±1.02
Gran# (109/L) 0.96±0.14 1.1±0.14 1.64±0.28 1.24±0.29

Lymph (%) 73.16±3.47 70.83±3.51 72.64±4.44 69.56±1.81
Mon (%) 2.7±0.23 2.65±0.23 2.82±0.27 2.52±0.27
Gran (%) 24.14±3.33 26.53±3.35 24.54±2.37 27.8±1.87

RBC (1012/L) 8.71±0.50 7.73±0.20 7.67±0.18 7.68±0.07
HGB (g/L) 141.2±10.5 121.5±3.4 126±2.3 125.6±3.0
HCT (%) 48.02±3.32 41.75±0.71 41.88±0.62 41.62±0.83
MCV (fL) 55.08±0.76 54.175±0.75 54.7±0.67 54.26±0.70
MCH (pg) 16.12±0.30 15.68±0.22 16.4±0.24 16.32±0.35

MCHC (g/L) 293.0±2.1 290.5±3.3 300.2±1.6 301.2±4.9
RDW (%) 15.06±0.21 14.5±0.43 14.68±0.54 14.24±0.24

PLT (109/L) 467.6±116.2 858.5±21.4* 982.2±56.5 721±52.0†
MPV (fL) 6.52±0.19 6.3±0.13 6.4±0.10 6.34±0.19

PDW 15.06±0.12 14.9±0.07 14.92±0.06 14.88±0.12
PCT (%) 0.299±0.076 0.541±0.023* 0.602±0.042 0.460±0.046

Data are mean±SEM, n=12 at week 2 and n=6 at week 4. Statistics were performed with ANOVA (SPSS). *: T1 vs C1; #: T2 vs C2. 
P<0.05 (*,†) was considered significantly different.
Red blood cells (RBC); white blood cells (WBC); platelets (PLT); lymphocytes (LY); monocytes (MON); granulocytes (GRA); mean platelet 
volume (MPV); mean cell volume (MCV); mean cell hemoglobin (MCH); mean cell hemoglobin concentration (MCHC); hemoglobin (HGB); 
red cell distribution width (RDW); plateletcrit (PCT); platelet distribution width (PDW); hematocrit (HCT).

Table 3. Hematology of girdled bound treated rats at week 2 and week 4.

Figure 4. Liver histology of girdle bound treatment on rats. 
(A~D) Representative liver histology of control rats at week 2 
(A,B) and week 4 (C,D). (A,C) specimen stained with oil red; 
(B,D) specimen stained with H&E. (E~H) Representative liver 
histology of girdle bound rats at week 2 (E,F) and week 4 (G,H). 
(E,G) specimen stained with oil red; (F,H) specimen stained with 
H&E. Girdled rats had maintained relative normal liver histology 
but the control rats had built steatosis from week 2 and maintained 
to week 4. 
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live (17). Overweight people particularly women have 
begun to wear body foundation garments to gloss over 
figure disadvantages and show less appetite. It has been 
proposed that wearing tight body foundation garments 
is associated with reduced fat deposition. In this study, 
we established a rat model wearing a relative flexible 
cloth girdle while receiving a high fat diet. The head 
funnel and physical bound did not cause physiological 
abnormal according to the hematology examination. It 
suggested that this girdle bound rat model is a valid ani-
mal model in the study of girdle effect in physiology 
and endocrinology, which can facilitate in other studies 
such as girdle texture and flexibility.

Although girdled rats showed no differences in 
hematological variables, there were major effects on 
body composition, liver fatty deposition and circulating 
lipids. It indicated that the body weight gain of girdled 
rats similar to that of controls was due to their increased 
activity and increased food intake. Girdled rats showed 
much less total body fat than control animals, while cir-
culating leptin concentrations in girdled rats was also 
lower. It indicated that the girdled rats were becoming 
accustomized to wearing the girdle. 

We found that girdled rats had lower fat deposition 
compared to the control. And the liver histology confir-
med the difference of fat deposition in livers. Girdled 
rats showed higher feed intake but similar feces-loss-
energy. Leptin regulates body weight by regulating 
hunger, food consumption, lipolysis, energy consump-
tion and body temperature (18). It was not surprisingly 
that girdled rats showed lower leptin levels compared 
to the control since leptin is predominantly secreted by 
adipose tissues. However, the fat tissue of girdled rats 
showed less active in leptin secretion. The secretion of 
leptin is regulated by multiple factors, and the intrinsic 
regulatory mechanism is not fully understood. The well 
established intracellular mediators are mTOR, ATP, Ca2+ 
etc (19). In week 2, mTOR expression was profoundly 
elevated in adipose tissues of girdled rat, while this aug-
ment disappeared in week 4. We do not understand the 
reasons that girdle bound increased mTOR expression 
in adipose tissues which subsequently contributed to the 
leptin secretion, but at least it demonstrated that physi-
cal body bound indeed triggered a systemic hormonal 
alteration which induced the downstream intracellular 
signal pathway to cascade this signaling.

In a word, girdle bound rat model is a valid animal 
model in study of girdle effect in physiology and endo-
crinology, which can significantly reduce fat deposition 
and altered other body parameters in rats. The study 
indicates that the wearing of tight foundation garments 
may have important physiological consequences for 

women but also that any such consequences may be 
limited in duration as the women adapts to wearing the 
garment.
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