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The Effect of Cold Stimulation on Fat Tissue Browning
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ABSTRACT Objective: Here, we wanted to investigate the role of cold stimulation in regulating fat tissue browning and whole body
lipid metabolism in mice. Methods: The mice were maintained at 4 'C for 1 week. Mice body weight was measured. Fat tissues were col-
lected and fixed for H&E staining. Serum levels of TAG, FFA and glycerol were measured. Fat tissue TAG content and protein expres-
sion profile were analyzed. Results: Compared to control mice, the body weight of mice was reduced after cold-stimulation for 1 week.
The serum levels of triglyceride, free fatty acids and glycerol were decreased. The TAG contents in SWAT (subcutaneous white adipose
tissue), GWAT (gonadal visceral white adipose tissue) and BAT (brown adipose tissue) were dramatically reduced in cold-stimulated
mice, especially nearly 50 % reduction in SWAT and BAT. Browning phenotype was observed in SWAT of cold-stimulated mice with
the appearance of adipocytes with multilocular lipid droplets and high expression of UCP1 (uncoupling protein 1) and Cidea. Lipid
droplets in GWAT were still unilocular under cold stimulation. The size of lipid droplet was reduced in GWAT with 14% reduction in
TAG content under cold stimulation. The expression of UCP1 and Cidea was not significant induced in GWAT, indicating that browning
did not occur in GWAT. The BAT of cold-stimulated mice had smaller lipid droplets and higher expression of UCP1. Higher expression
of CPT1 (Carnitine palmitoyltransferase I) in SWAT, GWAT and BAT of cold-stimulated mice was observed. Conclusion: Cold stimula-
tion could dramatically affect the lipid metabolism status of mice. Whole body fat accumulation was dramatically reduced in cold-stimu-
lated mice. Browning occurred in SWAT with the induction expression of UCP1 and Cidea. All fat tissue showed elevated expression of
CPT1, a mitochondrial related protein.
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Fig.1 Body weight and serum levels of TAG, Glycerol and NEFA of mice under cold stimulation

Note: Mice were treated under 4 degree centigrade for one week. Mice body weight was measured and serum parameters were determined. (A) Body
weight.( B-D)Serum levels of TAG, glycerol and NEFA. (n=12). Significance was established using a two-tailed Student's t-test.***P<0.001.
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Fig.2 Fat tissue morphology and TAG content of mice under cold stimulation for one week
EANAKWNRYATA, SANI, HREER(22 C )FLkIE(4 C)EU4TRAF B, —ARSBENRHETAGIBIHEL(SWAT),
RERE M IERRSE A BARRFA L (GWAT )R AERTA LR (BAT), X =ANALRHIT HLE R a(A)FESENE(B)o FRR: 50 pm,
* RNt HRIE P<0.05,*** IR t #54 P<0.001,

Note: Two months old mice were maintained under 4 degree centigrade for 1 week. (A) The morphology of fat tissues. SWAT: subcutaneous white

adipose tissue; GWAT: gonadal white adipose tissue; BAT: brown adipose tissue. Scale bar: 50 pm. (B) TAG content of fat tissue. Significance was
established using a two-tailed Student's t-test.***P<0.001.
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Fig.3 Protein expression in the fat tissues of mice under cold stimulation
FEFENAXNNRSAEA, SENR, SRERR(22 C )FLRH(4 C)EETHEARF—FA. —BHSBENMERNE TEBEHEALR(SWAT) 8
BEWNIERRSE A B ARR AL GWAT )fiR B AERFE L BAT), REN=ANELAHRMEA, EH weatern blot 14 EFEEELEA(UCP] ) HMBTH
S EF DFF45 2K{UE F a( Cidea )0 ) STARHE B BB CPT)RKREAMRIE(A)FFRITRIEENI(B)o ** KRR tHEH P<0.01,*** TR t 1
I§ P<0.001,
Note: 2 months old mice were maintained under 4 degree centigrade for 1 week. Fat tissues were collected and western blot was performed to see the

expression level of UCP1, Cidea and CPT. (A) Protein expression level of UCP1, Cidea, CPT1 and CPT2 in fat tissues. (B) Quantitative analysis of protein

expression level. Significance was established using a two-tailed Student's t-test.**P<0.01.***P<(0.001.
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