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Objective: To elucidate the effects of different sits fat removal on glucose and lipid 
metabolism in C57BL/6J mice. 

Methods: Animals were randomly divided into five groups. Subcutaneous fat 
removal (Sub-FR group), epididymis fat removal (Epi-FR group), subcutaneous and 
epididymis fats removal (WAT-FR group), subcutaneous and epididymis and brown 
fats removal (WAT+BAT-FR group). Sham group mice were performed all operations 
but retained all adipose tissue. All animals were fed on chow diet after fat removal, 
and the plasma lipids and glucose levels were measured. Finally, liver and residual fats 
were collected, and the expression of genes and proteins related to lipid synthesis and 
metabolism were analyzed. 

Results: The plasma triglyceride level in WAT+BAT-FR group was significantly 
decreased than that in Sham group after overnight-fasting (P<0.05) and increased 
rapidly after refeeding (P<0.05). Compared with sham-operated group, cholesterol 
and triglyceride contents in livers were significantly increased (P<0.05) and insulin 
resistance was decreased in WAT+BAT-FR group (P<0.05). The expression of genes 
related to lipid synthesis and transport in livers were up-regulated (P<0.05), and 
the weight of residual retroperitoneal fat was significantly increased (P<0.05) in 
WAT+BAT-FR group compared with Sham group. However, no significant differences, 
such as plasma lipids level, lipids content and genes expression in liver, or weight of 
residual fats were observed in the other three fat removal groups compared with Sham 
group. 

Conclusion: Surgical removal of three sites adipose tissue but not one or two sits 
in healthy mice can lead to mild lipid metabolism disorder and insulin resistance.
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Introduction
Obesity has been affecting the global population. Between 1975 

and 2018, the number of obese adults in 200 countries has increased 
from 105 million to 650 million [1]. Approximately 50% adults will 
suffer from obesity in the United States by 2030 [2]. Adipose tissue 
is the major energy storage site and a very important endocrine 
organ. Therefore, it plays a crucial role in regulating systemic 
metabolic homeostasis [3,4]. Increase of adipose tissue can lead to 
obesity, while decrease of adipose tissue can lead to lipodystrophy. 
Adipose dysfunction caused by obesity or lipodystrophy can lead to 
dyslipidemia, fatty liver, insulin resistance, cardiovascular diseases, 
etc. [5,6]. Lipodystrophy is mainly caused by congenital genetic 
defects or acquired diseases [7], while obesity is mostly related to 
over-nutrition, hormonal imbalance, and aging [8]. The incidence 
of lipodystrophy is relatively very low. However, the number of 
overweight and obese people has increased rapidly. For obesity, 
clinical treatment is mainly achieved by lifestyle changes, drugs or 
surgery [9-12]. Numerous studies supported that fat removal in 
obese subjects could improve obesity-related metabolic disorders 
[13-19]. Liposuction and body sculpting technology in obese 
people can achieve the dual goals of losing weight, preventing 
disease and reshaping the human body, however, many young 
people who are not obese are trying to achieve the goal of losing 
weight and body sculpting through partial liposuction or partial 
fat dissolving at present [20,21]. Fat removal from obese ones can 
improve metabolism disorders, while, whether removing adipose 
from healthy young adults can affect glucose and lipid metabolism 
or not has not yet been studied. In this study, different sits adipose 
tissue of C57BL/6J mice were surgically removed to investigate the 
effects of adipose tissue in healthy young mice fed on normal chow 
diet.

Materials and Methods 
Animals 

Thirty male C57BL/6J mice were purchased from Vital River 
Laboratories (Beijing, China) and housed in a 12h light/12h 
dark cycle at 24 ℃, with free access to water and standard 
laboratory chow diet. All the animal experiments followed the 
principles of laboratory animal care (NIH Publication No. 85Y23, 
revised in 1996), the experimental protocol was approved by the 
Animal Protection Committee of Hebei University of Traditional 
Chinese Medicine. When mice were 12 weeks old, they were 
randomly divided into five groups: sham-operated group (Sham), 
subcutaneous fat removal group (Sub-FR), epididymis fat removal 
group (Epi-FR), subcutaneous and epididymis fats removal group 
(WAT-FR), subcutaneous, epididymis fats and brown fat removal 
group (WAT+BAT-FR group), with 6 mice in each group. Fat removal 

surgery, according to the sits of fat removed, was performed as 
what we had reported [22,23]. Animals were fed on chow diet 
for 10 weeks after fat removal surgery and anesthetized with 1% 
pentobarbital sodium. Livers and resident fats were harvested for 
further analysis. Tissues used for subsequent Western Blot or real-
time fluorescence quantitative PCR (qPCR) analysis were frozen in 
liquid nitrogen and stored at -80 ℃ until analyzed. 

Blood Sample Analysis

Blood samples were gained by retro-orbital bleeding and 
centrifuged to obtain plasma. Enzymatic methods were performed 
to estimate the levels of plasma total cholesterol (TC), triglyceride 
(TG) and glucose (GLU) (Bio Sino, Beijing, China). After fasted for 
4 hours, animals were challenged with p. glucose (2 g/kg body 
weight; Abbott) or insulin ((0.75 mIU/g body weight; Humulin) for 
glucose and insulin tolerance tests. Blood sample were collected 
before (time 0) and at 15, 30, 60 and 120 (for GTT) or 90 (for ITT) 
minutes after the intraperitoneal injection. The levels of plasma 
glucose were determined by using enzymatic methods.

RNA Isolation and Quantitative Real-Time PCR

Table 1: A list of primers for qPCR.

Gene Forward Reverse

Acc CCAGACCCTTTCTTCAGC TTGTCGTAGTGGCCGTTC

Fas GGGTCTATGCCACGATTC GTGTCCCATGTTGGATTTG

Scd1 TGACCTGAAAGCCGAGAA ATGTGCCAGCGGTACTCA

Chrebp AGCATCGATCCGACACTCAC TTGTTCAGCCGGATCTTGTC

Lxr GCGACAGTTTTGGTAGAGGGAC CGCTTTTGTGGACGAAGCTC

Npc1 CTGTGACCTGATCCCTACCC CCTGTCTTCCCGGGCCATAA

Lrp1 CTCCCACCGCTATGTGATCC CACAGCTGTTGGTGTCGTTG

Srb1 CGAAGTGGTCAACCCAAACGA CCATGCGACTTGTCAGGCT

Abca1 AAAACCGCAGACATCCTTCAG CATACCGAAACTCGTTCACCC

Acat1 CAGGAAGTAAGATGCCTGGAAC TGCAGCAGTACCAAGTTTAGTG

Dgat2 TCAACCGAGACACCATAGAC CCTCAAAGATCACCTGCTT

Acox1 GGAGATCACGGGCACTTA TGAGAATGAACTCTTGGGTC

Mttp ATACAAGCTCACGTACTCCACT TCTCTGTTGACCCGCATTTTC

Cpt1a CTCCGCCTGAGCCATGAAG TCCCAATGCCGTTCTCAAAAT

Cd36 GGCAGGAGTGCTGGATTA GAGGCGGGCATAGTATCA

Pgc1a TATGGAGTGACATAGAGTGTGCT GTCGCTACACCACTTCAATCC

Pparg GACCACTCGCATTCCTTT CCACAGACTCGGCACTCA

Hsl GATTTACGCACGATGACACAGT ACCTGCAAAGACATTAGACAGC

Atgl ATGTTCCCGAGGGAGACCAA GAGGCTCCGTAGATGTGAGTG

Hmg-
CoA AGAGAACAAGGGTTCACGCC CCTTGGATCCCACGCGGA

Gapdh TGATGACATCAAGAAGGTGGTGAAG TCCTTGGAGGCCATGTAGGCCAT

Trizol reagent (Invitrogen, USA) was used to extract the total 
RNA from the adipose tissues or livers. First-strand cDNA was 
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generated by a RT kit (Invitrogen, USA) and then was performed 
quantitative real-time PCR by using primers listed in Table 1. 
Applied Biosystems and Quant Studio™ Design & Analysis Software 
were applied for amplifications in 35 cycles, with SYBR green 
fluorescence (TransGene Biotech, Beijing, China). Samples were 
quantitated by the comparative CT method, normalized to GAPDH.

Western Blot Analysis

Tissues were homogenized in RIPA. Protein content were 
measured by using a bicinchoninic acid protein assay kit (Pierce, 
Rockford, IL). Proteins were separated by SDS-polyacrylamide 
gel electrophoresis and transferred on nitrocellulose membranes 
(Applygen Technologies, Beijing, China), and then were identified 
with the required primary antibodies. Thereafter, secondary 
antibodies recognized the protein-antibody complex and the 
enhanced chemi-luminescence detection reagents (ThermoFisher 
Scientific, Shanghai, China) was applied for the development of the 

blots. Primary antibodies used in the study includes Akt, phospho-
Akt (Ser473) (Cell signaling technology, Danvers, MA).

Liver Lipid Analysis

The livers were fixed, embedded and cryosectioned at 7 µm, 
as previously described [24]. Lipid disposition was visualized by 
Oil Red O staining and HE staining. For quantitation analysis of 
hepatic lipid disposition, approximately 100 mg of liver sample was 
weighed and homogenized in 1 mL PBS. Lipids were extracted by 
chloroform and dissolved in 0.5 mL 3% Triton X-100. The content 
of triglyceride and cholesterol were determined by enzymatic 
methods and normalized to liver weights.

Statistical Analysis

All of the data were shown as means ± SEM. And statistics 
was performed using the student’s t test or One-way ANOWA with 
GraphPad Prism 5.0. P value < 0.05 was considered statistically 
significant.

Results 
Mild Insulin Resistance of Multi-Site Fat-Removed Group Mice

Figure 1: Blood glucose levels of five fat removal group mice.
A.	 Blood glucose levels of five groups mice fasting for 4 hours before fat removal; 
B.	 Blood glucose levels of five groups mice fasting for 4 hours after fat removal for 1week; 
C.	 GTT for 4 weeks of five groups mice after fat removal. 
D.	 AUC data of Figure C; 
E.	 Insulin tolerance test (ITT) for 8 weeks of five groups mice after fat removal; 
F.	 AUC data of Figure E. Mean±SEM. n = 6. # P<0.05.

https://dx.doi.org/10.26717/BJSTR.2022.43.006856
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Adipose tissue often plays a crucial role in insulin sensitivity. 
Therefore, plasma glucose level was determined. No significant 
decrease in plasma glucose level was found after 4 h fasting 
between the fat-removed groups and the sham-operated group 
mice before and after fat removed (Figures 1A & 1B). At 4 weeks 
after fat surgery, glucose clearance was significantly delayed in 
the WAT+BAT-FR group compared with the sham-operated group 

(Figures 2C & 2D). Insulin tolerance, at 8 weeks after surgery, 
further showed that multi-site fat removal aggravated insulin 
resistance (Figures 2E & 2F). While no significant differences in 
glucose clearance and insulin tolerance were observed in the three 
other fat-removed groups and sham-operated group (Figures 2C-
2F). Our data suggested that multiple sites fat removal in healthy 
young mice could aggravate insulin resistance.

Figure 2: Blood lipid levels of five fat removal group mice. 
•	 A, B: Plasma TG and TC levels of mice fasting for 4 hours before fat removal; 
•	 C, D: Plasma TG and TC levels of mice fasting for 4 hours after fat removal. 
•	 E, F: Plasma TG and TC levels of mice fasting for 14 hours after fat removal. 
•	 G, H: Plasma TG and TC levels of the mice refed for 6 hours after fasting for 14 hours after fat removal. Mean±SEM. n = 
6. # P<0.05.

Hypotriglyceridemia of Multi-Site Fat-Removed Group 
Mice After Overnight Fasting 

Next, we determined plasma lipids level of the experimental 
mice. Though there was no significant difference in plasma TG 
level between the fat-removed groups and sham-operated group 
before and after fat removal, plasma TG level in WAT+BAT-FR 
group decreased significantly after overnight fasting (Figures 3A 

&3C) and increased after refeeding for 6h (Figure 3G), whereas 
no significant difference was found between the other three fat-
removed groups and sham-operated group (Figures 3A,3C,3E,3G). 
However, there was no significant difference in plasma TC levels 
between the four fat-removed groups and sham-operated group 
(Figures 3B,3D,3F,3H). Our data indicated that multiple sites fat 
removal in healthy young mice could lead to hypotriglyceridemia 
after overnight fasting and increased after refeeding.

https://dx.doi.org/10.26717/BJSTR.2022.43.006856
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Figure 3: Characterization of residual fats of fat removal mice.
A.	 The weight of fat removed by surgery. 
B.	 Body weight of five fat removal group mice. 
C.	 Residual mesenteric fat weight in the five group mice. 
D.	 Residual retroperitoneal fat weight in the five group mice. 
E.	 mRNA levels of residual retroperitoneal fat related genes in the WAT+BAT-FR group and sham-operated group mice. 
F.	 mRNA levels of residual mesenteric fat related genes in the WAT+BAT-FR group and sham-operated group mice. 
Mean±SEM. n = 6. # P<0.05.

Compensatory Increased in Residual Retroperitoneal 
Fat of Multi-Site Fat-Removed Group Mice 

The body weight of the four fat-removed group mice were not 
significantly different from the sham-operated group mice though 
the removed fat weight was difference (Figures 3A & 3B). The 
weight of retroperitoneal fat but not mesenteric fat was significantly 
increased in WAT+BAT-FR group after fat removed for 10 weeks 
(Figure 3D). No significant difference was found in retroperitoneal 
fat or mesenteric fat in the other fat-removed groups compared with 
sham-operated group (Figure 3B). Therefore, mRNA expression 

levels of genes related to lipolysis (Atgl, Hsl), lipid synthesis (Fasn, 
Acc, Scd1, Dgat2), adipogenesis (Pparg, Pgc1a), fatty acid oxidation 
(Cpt1a, Acox1) and lipid transport (Cd36, Mttp) of the adipose 
tissues in sham-operated group and WAT+BAT-FR group were 
detected by qPCR. We found that lipid synthesis, transport and 
related gene expression were up-regulated in adipose-deprived 
mice (Figures 3E & 3F). The expression of Pcg1a in retroperitoneal 
fat in the WAT+BAT-FR group was increased, suggesting that cell 
proliferation might be increased (Figure 3E). These results suggest 
that the residual retroperitoneal fat was compensatory increased in 
multi-site fat-removed group mice.

https://dx.doi.org/10.26717/BJSTR.2022.43.006856
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Mild Liver Lipid Deposition of Multi-Site Fat-Removed Group Mice

Figure 4: Lipid deposition in livers of fat removal mice.
A.	 Liver weight of the five groups mice; 
B.	 Liver triglyceride content of the five groups mice; 
C.	 Liver cholesterol content of the five groups mice; 
D.	 HE staining and Oil red O staining of liver tissue of Sham group and WAT+BAT-FR mice, Bar= 200μm; 
E.	 Expression of genes related to triglyceride (TG) synthesis and metabolism in the liver of Sham group and WAT+BAT-FR 
mice; 
F.	 Expression of genes related to cholesterol (TC) synthesis and metabolism in liver of Sham group and WAT+BAT-FR 
mice; 
G.	 p-Akt and AKT expression in liver tissues of Sham group and WAT+BAT-FR mice detected by Western-blot. 
H.	 Gray value quantification of Figure 4G; Mean±SEM. n = 6. # P<0.05.

Adipose tissue is a storage site for triglycerides and cholesterol. 
Loss of adipose tissue, often accompanied by ectopic deposition 
of lipids in the live. In our fat removal model, liver weight was 
significantly increased in the WAT+BAT-FR group compared with 
sham-operated group (Figure 4A) Consistently, liver cholesterol and 
triglyceride content were significantly increased compared with the 

control group (Figures 4B & 4C). However, no ignificant differences 
were observed between the other fat-removed group and sham-
operated group in liver weight or liver cholesterol and triglyceride 
content compared with sham-operated group. Therefore, the 
effect of adipose tissue loss on liver lipid deposition was further 
analyzed by pathological staining or mRNA expression detection in 

https://dx.doi.org/10.26717/BJSTR.2022.43.006856
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WAT+BAT-FR group and sham-operated group. Both HE and oil red 
O staining of the liver showed that the WAT+BAT-FR group did not 
exhibit severe liver lipid deposition compared with sham-operated 
group (Figure 4D). In order to clarify the cause of the increase of 
liver cholesterol and triglyceride contents in the WAT+BAT-FR 
group, we detected the mRNA expression levels of triglyceride and 
cholesterol-metabolisation-related genes in liver, and found that 
the expression of genes related to triglyceride synthesis (Acc) and 
lipid transport (Cd36) in the WAT+BAT-FR group was significantly 
up-regulated compared with sham-operated group (Figure 4E). The 
expression of HMG-CoA, a key enzyme in cholesterol synthesis, was 
also significantly up-regulated in the WAT+BAT-FR group compared 
with sham-operated group (Figure 4F). Liver is an insulin-sensitive 
target organ, and Akt is a key downstream target protein of insulin 
signal passway. Therefore, we examined Akt phosphorylation levels 
to determine the effect of mild lipid deposition on insulin sensitivity 
in liver tissues. Western-blot results showed that the level of p-Akt 
in the liver of the WAT+BAT-FR group was not significantly different 
from that of the sham-operated group (Figures 4G & 4H).

Discussion
In this study, subcutaneous fat in the groin, epididymis fat 

in the viscera and brown fat in shoulder blade of C57BL/6J mice 
were selectively removed to observe the role of adipose tissue in 
healthy young mice. Our results suggest that only subcutaneous 
fat removal, or epididymis fat removal or subcutaneous fat and 
epididymis fat removal did not show significant impacts on insulin 
sensitivity, plasma lipid levels, weight of residual fat or liver lipids 
content. Whereas, multi-site fat removal in subcutaneous fat, 
epididymis fat and brown fat resulted in mild insulin resistance, 
hypotriglyceridemia after overnight fasting, expansion of residual 
retroperitoneal fat and increased liver lipids content without 
obvious lipid deposition. Our study proved that multiple sites fat 
removal in healthy mice can lead to increased liver weight and lipids 
content, and qPCR further proved that multiple sites loss of adipose 
tissue can promote fatty acid uptake and cholesterol synthesis in 
livers (Figure 4). 

The main function of adipose tissue is to store triglycerides. In 
our fat-removed model, mice with both white and brown fat removal 
exhibited hypotriglyceridemia after overnight fasting, a similar 
phenotype of lipodystrophy [20]. However, moderate amount of fat 
removal did not affect metabolic homeostasis significantly. White 
fat plays an important role in regulating metabolism. Therefore, 
there are many studies on the roles of adipose tissue in insulin 
sensitivity. In obese mice induced by high fat diet, removal of 

visceral fat can increase insulin sensitivity and reduce fatty liver 
[11] while removing subcutaneous fat can reduce insulin sensitivity 
and aggravate fatty liver [21]. The increase of pathological 
subcutaneous fat can also result in similar pro-inflammatory effects 
with visceral adipose tissue. Some obese patients achieve the 
purpose of losing weight and alleviateing metabolic disorders by fat 
removal surgery [25], but now many subjects with standard weight 
try to reduce weight using fat removal method, so as to achieve the 
goal of slimming and shaping.

However, the role of adipose tissue loss in healthy subjects is 
unclear. In this study, mice with multiple sites fat removal showed 
mild insulin resistance, decreased plasma triglyceride levels 
and increased liver lipid levels, suggesting that the large loss of 
adipose tissue in healthy mice can lead to mild metabolic disorders. 
One or two sites fat removal did not show significant impact on 
metabolic homeostasis. However, whether it affects other functions 
are not defined in this study and need further exploration. In 
summary, surgical removal of subcutaneous, epididymis and 
brown fat in C57BL/6J mice showed mild insulin resistance, 
hypotriglyceridemia after overnight fasting and liver lipids content. 
Besides, ubcutaneous fat, or epididymis fat or subcutaneous fat 
and epididymis fat removal did not play a significant impact on 
metabolic homeostasis.
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