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Abstract 

Improve the efficiency of defatting and decellularization in the decellularization 
protocol to obtain a decellularized adipose tissue matrix with complete morphological 
structure. Evaluate the histological composition of decellularized adipose tissue and 
explore its possibility as a scaffold material for tissue engineering. A modified 
decellularize protocol was used to prepare decellularized adipose tissue from 
subcutaneous adipose of bovine. Oil red O staining, hoechst staining and H&E staining 
were performed on the decellularized adipose tissue. Quantitative detection of DNA, 
collagen and glycosaminoglycan content in decellularized tissues. And decellularized 
tissue remaining DNA, collagen and glycosaminoglycan content of quantitative detection. 
The decellularization efficiency of decellularized adipose was 97.3%, and it had a 
complete collagen structure. The decellularized adipose prepared by the modified 
method had a higher degree of defatting and decellularization, no cytotoxicity, and the 
natural structure and ingredients are kept intact. 
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1. Introduction 

The use of tissue-specific decellularized matrix materials has good application prospects in 

regenerative medicine research. The decellularized matrix has rich extracellular matrix (ECM) 

components, specific three-dimensional spatial structure and soluble growth factors These 

components together form a natural microenvironment for the attachment and growth of cells [1-3]. 

In recent years, with the gradual development of decellularization preparation technology, a variety 

of highly specific or optimized combinations of decellularization methods have been developed, 

which makes it possible to prepare a decellularized soft tissue matrix with a complete structure [4-6]. 

Soft tissue refers to tissue that connects, supports, or surrounds other structures and organs of the 

body. Common soft tissues include tendons, ligaments, fascia, fat, nerves, and synovium. Adipose 

tissue is one of soft tissue matrix with a wide range of sources and rich ingredients. As a kind of 

connective tissue, adipose tissue is mainly surrounded by fibrous structure network and a large 

number of fat cells are wrapped and separated into leaflets. The mass of lipids accounts for about 60-

80% of the total mass [7]. The phospholipid membrane of the fat cells is surrounded by the basement 

membrane, which is composed of lamellar type IV collagen and laminin 211/411, and the outer sheath 
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is composed of a three-helix network structure composed of type I collagen and network fibers (type 

III collagen) and other ECM proteins [8, 9]. Type V and type VI collagen form microfibers in the 

interface between type I collagen fibers and between the basement membrane and type I collagen 

fibers. Fibronectin is an important ECM protein, which determines the shape of cells closely related 

to type I collagen [10, 11]. In adipose tissue, these ECM proteins play a critical role in maintaining 

structural integrity [10, 12]. 

In 2010, Flynn, LE proposed a systematic protocol for preparing decellularized adipose tissue (DAT) 

[13]. The protocol includes the use of freeze-thaw cycles to destroy fat cells, organic solvent 

degreasing and combined enzyme digestion. Most of the subsequent research on DAT preparation 

was improved on it [14, 15].  

In order to obtain a DAT with complete composition structure. In this study, by selecting an organic 

solvent with higher lipolysis efficiency and the phospholipase A2 (PLA2) digestion method developed 

earlier by the research group, the specific treatment in the process of degreasing and digestion was 

improved [16, 17].  

2. Materials and Methods 

2.1 Preparation of DAT 

Fresh bovine adipose tissue (FAT) were obtained from a slaughterhouse and preserved at 4 ℃. 

Samples were washed in PBS three times for 10 min each, and cut into 5 × 5 × 0.5 cm. The samples 

were first subjected to five cycles of freeze-thaw (-80 ℃ to 37 ℃). The lipid was extracted from 

adipose tissue with ether by Soxtec extraction method. Following this, each defatted adipose tissue 

(defatted-AT) was immersed in 30 mL of bicarbonate-mixed salt solution (CBS) with 200 U/ml PLA2 

(Sigma) and 0.5% (w/v) sodium deoxycholate (Sigma) at 37 ℃ for 2 h. The defatted-AT were then 

washed in CBS at 37 ℃ 30 times for 30 min each. The entire process was conducted in a constant-

temperature shaking water bath. For the sake of preservation, the DAT was dried to a constant weight. 

The DAT samples were packed into a sealed plastic envelope and sterilized by g-irradiation (25 kGy). 

All DAT samples were stored at 4 ℃ prior to use.  

2.2 Histological analysis of DAT 

To prepare frozen sections, the DAT samples were fixed in 75% ethanol for 1 h. All samples were 

frozen-embedded and sectioned (5 μm sections). Hoechst staining and oil red O staining were used 

to detect the presence of residual cells and lipid.  

To prepare pathological sections, the DAT samples were fixed in 4% paraformaldehyde for 24 h, 

rinsed, dehydrated in ascending series of ethanol, cleared in xylene. All samples were paraffin-

embedded and sectioned (5 μm sections). Hematoxylin and eosin (H&E) staining was used to 

characterize the collagen structure of the DAT.  

2.3 Ultrastructure analysis 

The DAT samples were fixed in 2.5% glutaraldehyde for 24 h, dehydrated in ascending series of 

ethanol, gold-coated with platinum. The DAT samples were observed and photographed by a 

scanning electronic microscope(SEM).  

2.4 Detection of biocompatibility of DAT 

To detect the toxicity of DAT, maceration extract of DAT with culture medium was used to culture 

mesenchymal stem cells. 2000 BMSCs were seeded in 96 well plates per well, and 100 μL maceration 

extract of DAT was added, and fresh culture medium was added as the control. 10 μL CCK8 was 

added and react for 1 h, and the optical density (OD) values were recorded at 450 nm wavelengths by 

using the enzyme mark instrument. CCK8 test every 24 hours for five consecutive days, and the cell 

activity were calculated according to the OD values of day 1. 
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2.5 Composition test of DAT 

Recorded the dry weights of DAT samples, a DNA extraction kit (Purelink) was used to extract the 

DNA content from the samples, and the DNA concentration was determined by using NanoDrop. The 

collagen content was determined by means of a hydroxyproline content quantification kit (Jiancheng, 

NanJing). Glycosaminoglycans (GAGs) were quantified by a blyscan sulfated GAGs assay kit 

(Biocolor). 

2.6 Statistical analysis 

All data are expressed as mean ± SD, and Sigma Plot 14.0 was used for statistical analysis. For data 

conforming to the normal distribution, t test was used to evaluate the difference between the two 

groups. P<0.05 is considered to have a significant difference. 

3. Results 

3.1 Structural characteristics of DAT 

Following degreased and decellularization, the connective tissue of adipocytes in DAT was more 

obvious, and the thickness was reduced, showing a soft reticular loose structure (Fig. 1 B).  

 

 

Figure 1. Gross morphology of FAT and DAT. 

3.2 Defatted and decellularization efficiency of DAT 

Following degreased by ether, most of lipid droplets in FAT were removed, oil red O staining of 

lipids is hardly observed in DAT (Fig. 2A, B). The results of hoechst staining showed that adipocytes 

were evenly distributed in FAT, and the hoechst staining signal of the nucleus could not be observed 

in DAT(Fig. 2C, D). 

 

Figure 2. Adipocytes staining of FAT and DAT. (A, B) Oil red O staining of FAT and DAT. (C, D) 

Hoechst staining of FAT and DAT. 
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3.3 Structure of DAT 

By comparing the histological staining of FAT and DAT, it can be observed that in H&E staining, 

adipocytes were arranged in a honeycomb shape, the cell structure is complete, showing a vacuole 

shape, and the nucleus is on one side (Fig. 3A, B). SEM analysis demonstrated that the microstructure 

of FAT was plumpness and smooth, and the surface structure of DAT was shrunken, but it can be 

observed that the collagen structure remains intact (Fig. 3C, D). 

 

 

Figure 3. Structure detection of FAT and DAT. (A, B) H&E staining of FAT and DAT. (C, D) 

SEM image of FAT and DAT. 

3.4 Biocompatibility of DAT 

CCK8 cytotoxicity test results showed that within 5 days of cell culture using decellularized fat 

extract, the proliferation rate of MSC was not significantly different from that of normal cultured 

MSC (Fig. 4A). 

 

 

Figure 4. Biocompatibility and composition of DAT. (A) Toxicity determination of DAT over 5 

days. (B) DNA content of Defatted-AT and DAT. (B) Collagen content of Defatted-AT and DAT. 

(D) GAG content of Defatted-AT and DAT. 
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3.5 Components of DAT 

According to the results of genomic DNA extraction and quantitative detection, compared with 

Defatted-AT, the DNA content in DAT was significantly reduced, and the DNA removal rate reached 

97.3% (Fig. 4B). According to the quantitative detection and calculation results of hydroxyproline, 

there was no significant difference in the collagen content of Defatted-AT and DAT (Fig. 4C). The 

quantitative detection results of GAG showed that the GAG content of DAT was significantly reduced 

compared to that of Defatted-AT (Fig. 4D). 

4. Discussion 

Many researches have shown that DAT as a kind of natural scaffold for tissue engineering has good 

application prospects. The decellularization protocol proposed by Flynn was still a classic reference 

example, in which the repeated freeze-thaw treatment of FAT was very critical and was still an 

irreplaceable pretreatment[13]. The ice crystals formed by rapid cooling repeatedly and repeatedly 

destroyed the adipocytes, which increases the efficiency of elution of lipid substances.  

This study was based on this decellularization protocol, using ether as a solvent, combined with 

Soxhlet extraction method to separate lipids in FAT, which can efficiently degrease. Soxhlet 

extraction method was a common method for separating and quantifying the crude lipid content of 

samples in food science[18]. It used the low boiling point, stable chemical properties, and good lipid 

solubility of ether to quickly dissolve and separate the lipid in the sample. And it was easy to remove 

the residual ether in the sample after extraction, which will not cause much impact on the subsequent 

operation. During the decellularization process, although the lipid substance was mainly composed 

of non-immunogenic triglycerides, the solutions cannot effectively penetrate the FAT due to its strong 

hydrophobicity, which will seriously hinder the material digestion or cleaning operations.  

In the microstructure, the surface of FAT was supported by adipocytes, and the surface was 

plumpness and smooth. Since the original lipids in the DAT has been eluted in large quantities, the 

connective tissue that originally wrapped adipocytes appears loose and wrinkled shrinking state.  

Since the FAT was derived from the fascia layer, its natural structure was very soft and easily 

destroyed. Therefore, the key issue in preparing a DAT was how to retain the integrity of the 

extracellular matrix structure and components while removing the cellular components. In previous 

research, the PLA2 digestion method has been successfully used in the preparation of decellularized 

cornea and decellularized pericardium[16, 17]. PLA2 is a small molecular weight protein that can be 

easily washed away from the matrix after decellularization, without causing residues of toxic 

substances.  

In this study, the structure of adipocytes has been basically destroyed by PLA2, and the intracellular 

nucleic acid components were washed away, with a DNA removal rate reached 97.3%. Because the 

PLA2 does not have a hydrolytic active site for collagen, the collagen structure of the scaffold is 

completely preserved during the treatment process. 
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