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Abstract 
Autologous fat transfer is widely used by plastic surgeons for aesthetic and reconstructive purpose, but it has a great disadvantage because 
of its high variability rate of resorption. Numerous studies have examined the use of different agents to increase the viability of fat grafts. 
The results were discouraging because the use of a single angiogenic factor to stimulate fat graft angiogenesis may be inappropriate. We 
proposed to use two pharmacological factors, erythropoietin (EPO) and insulin (INS), in order to decrease the resorption rate, to improve 
graft vascularization, and to reduce the number of complications. Twenty-four Wistar male rats were randomly divided in four groups (I–IV) 
of six animals each. The rats belonging to control group were given autologous transfer of simple fat. In group II, the graft was improved 
with EPO, in group III with INS, and in group IV both pharmacological agents were administered. Histological evaluation of the grafts at two 
months after injection demonstrated adipocyte survival in all four groups. The volume of the graft has progressively decreased in all groups 
and the difference in graft volume at one and two months after transplantation was not significant. The highest maintenance of fat graft 
volume (95%) at two months was observed in group IV, followed by group II and group III. Necrotic cystic changes and increased fibrosis 
were most extensive in the control group. The combination of INS with EPO may have a synergistic and additive effect. Efficient administration 
and dose optimization of these growth factors are important things to consider in the future. 
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 Introduction 
Autologous fat transplantation (AFT) is widely used 

by plastic surgeons in post-traumatic reconstructions and 
for cosmetic purpose to reduce the effects of aging, but 
the scientific understanding of this procedure has been 
exceeded by clinical use. Although there have been 
numerous in vitro and in vivo experimental studies, as 
well as clinical studies in human subjects, the lack of 
understanding was probably due to the high variability 
rate of resorption of the transplanted fat grafts. 

AFT was initially described by Neuber, in 1893 [1], 
and in 1911 Bruning was the first one who injected 
autologous fat into subcutaneous cellular tissue to correct 
the aesthetic outcome of a rhinoplasty [2]. Over the next 
40 years, this procedure has not been widely used. In 1950, 
the subject was reassessed by Peer, who noted that fat 
grafts retain only 50% of their weight and volume [3]. 

The evolution of fat grafting can be influenced by 
some factors, such as the choice of the donor site, the 
presence of good vascularization at the receptor site, the 
amount of fat injected, the method of fat harvesting and 
processing, some hormones, and drugs. 

Current studies suggest that early and adequate 
vascularization of free fat grafts is essential for its 
integration and viability [4]. The unpredictable resorptions 
rate of transplanted tissue reduces the efficacity of this 
technique because the volume of non-vascularized graft 
continues to decrease because of increased cell death 
after transplantation. 

Using individually angiogenic factors [5] or vascular 
endothelial growth factor (VEGF) therapy to stimulate 
angiogenesis in order to increase the survival and viability 
of fat grafts [6, 7], different authors obtained discouraging 
results, because the use of a single angiogenetic factor to 
stimulate angiogenesis may be insufficient. 
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In the light of these findings, the aim of our research 
was to experimentally investigate the effects on fat graft 
of two pharmacological factors: erythropoietin (EPO) 
and insulin (INS) that was administrated into Wistar rats 
in order to establish if there are any stimulation of 
angiogenic factors releasing, if any angiogenesis is 
promoted, thus preventing adipocyte apoptosis, and if 
any differentiation of adipose stem cell, especially in 
adipogenic lines, could appear. 

 Materials and Methods 
The study was conducted on 24 Wistar male rats 

from the Cantacuzino National Institute of Research  
and Development for Microbiology and Immunology, 
Bucharest, Romania, weighing 380 to 460 g, with the age 
of at least 52 weeks. 

The experimental design was fully approved by the 
Research Ethics Committee of Grigore T. Popa Medicine 
and Pharmacy University, Iaşi, Romania. 

Pre-harvesting steps 

The pre-experiment acclimatization of the mice was 
assured by hosting them in constant temperature (24±0.7°C) 
and humidity (60±10%) conditions, and the circadian 
cycle (light/darkness) was established to 12 hours each. 
All rats had a standard diet and water ad libitum. 

The rats were randomly divided into four groups of 
six animals each. The dorsal aspect of the rats was 
chosen as the recipient site, minimizing the chance of 
endogenous fat contamination, due to the absence of the 
fat between subcutaneous tissue and underlying muscle 
in this area. At the end of the study, harvesting the graft 
was easier following this procedure. 

The rats belonging to group I, considered to be the 
control group, were given autologous transplantation of 
simple fat. In group II, the graft was improved with EPO, in 
group III with INS, and in group IV both pharmacological 
agents were administered. 

All rats were operated under general anesthesia using 
2% Xylazine for sedation – 0.1 μg/100 g animal, and 
after 10–15 minutes Ketamine 1 mg/mL – 0.1 μg/100 g 
animal. Substances were intraperitoneally injected. 

The surgical procedure was performed under sterile 
conditions, respecting the general rules of asepsis and 
antisepsis. 

Harvesting the adipose tissue 

Autologous fat tissue was obtained from the right 
groin area of the rat. The ipsilateral dorsal plan and the 
inguinal area were mechanically shaved and prepared 
with Povidone-Iodine. 

Oblique incisions, about 3 cm in length, were performed 
for harvesting the grafts. Inguinal fat was exposed making 
the dissection with a Stevens scissors, and the fat graft 
was harvested (Figure 1). The donor area was washed with 
antibiotic solution (saline and Rifampicin) and closed 
with separate 5/0 monofilament nonabsorbable suture. 

Preparing the fat graft 

The adipose tissue obtained from each rat was cut into 
small pieces using a Stevens scissors and then placed into 
a 5 mL syringe and washed with saline (1/3 proportion) 
three times to remove debris and blood. 

After that, we left the fat graft to decant, in the same 
syringe used for washing, approximately 10 minutes. The 
content separated in three layers: inferior – a pink layer 
with blood and debris, the middle layer – containing 
adipose tissue, and the superior layer – with mostly oil. 
The inferior layer was discarded, and aliquots of 1 mL 
of the middle layer were transferred to 1 mL syringes, to 
avoid additional fat graft contact with the air and to 
reduce the risk of oxidative cytolysis (Figure 2). 

Injection 

The injection was performed using a 16G cannula by 
punching the ipsilateral dorsal plane of the rats (Figure 3). 

 

  
Figure 1 – Harvesting the 
autologous fat for 
transplantation from 
i i l i d i

Figure 2 – Transferring the adipose tissue into the  
injection syringe. 

Figure 3 – 
Autologous  
fat graft injection. 

 

Group I of rats were injected with 1 mL autologous 
fat without any treatment (control group). Group II of 
rats were injected with 1 mL fat that was mixed with 
5000 IU/kg EPO. EPO was purchased as a prefilled 
syringe Binocrit® (Sandoz, Austria) with 40 000 IU/mL. 
In group III, the fat was mixed with 10 µL INS Lantus® 
(Sanofi-Aventis, Germany) 100 U/mL, and in the group 
IV was used both pharmacological factors in the same 
concentration. 

Post-operative antibiotics, analgesics or other drugs 
were not administrated to the rats in all four groups, 
over the two months study period, during which animals 
were checked daily for clinical signs of infection, fat 
rejection or behavior problems. 

Harvesting the fat grafts 

All rats survived until the end of the study. Fat graft 
removal was performed at two weeks, one month and 
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two months, by euthanizing two rats from each group. 
The fat graft remained as a subcutaneous lump and  
was removed by taking a rectangular cutaneous flap, 

approximately 3/2 cm in size with a lateral pedicle in the 
dorsal plane of the rat (Figure 4, A and B). 

 
Figure 4 – The macroscopic aspect of fat graft at 14 days after injection, group IV: (A) The fat graft as a subcutaneous 
lump; (B) The fat graft was a nodule with a thin capsule and yellow adipose tissue-like content. 

 
Histological and immunohistochemical 
analysis 

Immediately after harvesting, tissue fragments were 
fixed in 10% neutral buffered formalin solution for 48 hours, 
processed by the paraffin inclusion method (Leica TP 1020 
processor, Germany) and sectioned (RM 2235 microtome, 
Leica, Germany) to a thickness of 5 μm. The sections were 
stained with Hematoxylin–Eosin (HE) and Goldner–Szekely 
(GS) trichrome. Immunohistochemistry was performed 
using mouse monoclonal anti-cluster of differentiation 68 
(CD68) (Dako, Denmark), anti-Vim (vimentin) (1:100 
dilution, Dako, Denmark), and anti-cytokeratin (CK) 
AE1/AE3 (1:350 dilution, Bio SB) antibodies. For 
examination, we used a photonic microscope (Leica DM 
1000, Germany), a digital histological camera (Leica 5 mpx, 
full HD, Germany) and LAS software, 2019 version. 

The evaluated histological parameters were: (i) intact 
adipocytes; (ii) new blood vessel formation (angiogenesis); 
(iii) degree of inflammation represented by lymphocyte and 
macrophage infiltration; (iv) fibrosis extension represented 
by collagen fibbers formation; (v) the presence of cysts, 
and vacuoles; and (vi) calcifications. Each parameter was 
evaluated using a quantitative scale ranging from 0 to 5 
(0 – absent, 1 – minimal, 2 – minimal to moderate, 3 – 
moderate, 4 – moderate to extensive, 5 – extensive). All 
histological parameters were blindly evaluated. 

Statistical analysis 

In order to analyze the data, the nonparametric Kruskal–
Wallis test was used due to reduced number of subjects. 
A 90% significance level was accounted for also due to 
reduced number of subjects and Mann–Whitney U-test for 
median differences was used to establish significance of 
differences between each group and the direction of each 
difference. 

 Results 
Gross findings 

The macroscopic analysis reveals that fat grafts have 

maintained their yellow color, also at two months. There 
was no gross evidence of acute inflammation, necrosis, 
seroma collection or abscess formation in all four groups. 

At 14 days postoperatively, the presence of a conjunctive 
capsule surrounding the fat graft was observed. It separated 
the graft from the adjacent tissues, facilitating the 
dissection (Figure 4, A and B). New blood vessels were 
also identified 14 days after injection. 

At one month postoperatively, the graft lost its compact 
appearance, gaining an irregular shape, and the surrounding 
capsule was less represented. At two months, the graft 
retained the appearance of one month. 

The volume of the graft was measured using the liquid 
overflow method. The graft was introduced into a syringe 
filled with saline and the increase in fluid level was 
recorded as the volume of the graft. 

Initially, the volume of the grafts increased over the 
first 14 days due to oedema formation. The volume has 
progressively decreased in all groups but the difference 
in volume at one and two months was not significant. 
We can conclude that marked graft resorption occurred 
in the first month (Figure 5). 

In group IV was observed the highest maintenance 
of fat graft volume at two months (95%), followed by 
group II (85%) and group III (75%), with the worst 
results in group I (35%). 

Histological analysis 

Neovascularization vessels and adipocyte viability 
followed the same trend as volume maintenance. Necrotic 
cystic changes were most extensive in control group, 
followed by groups II and III. The fibrosis was observed 
mainly increased in group I, moderate in groups II and 
III, and reduced in group IV (Table 1). 

In the control group, at two weeks, we notice large 
territories with inflammatory infiltrate (mononuclear/ 
neutrophils, macrophages), microthrombosis and ischemic 
area of necrosis. The number of viable adipocytes was quite 
small (Figure 6, A–C). During two months of evolution, 
the graft was replaced with cysts (post-necrosis of adipose 
tissue) and thick bands of connective tissue (Figure 7, A 
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and B). In the scar connective tissue, could be observed 
agglomeration of macrophages, whose cytoplasm has 
intense immunopositivity for the anti-CD68 antibody. A 
low degree of angiogenesis was observed. The surviving 
adipocytes were identified only in the periphery of the 
graft. 

On the other hand, in group IV, where the adipose 
tissue was improved with INS and EPO, at two weeks 
there was reduced inflammatory infiltrate, associated with 
reduced necrosis areas, and reduced peripheral fibrosis. 
At one month, the stroma was well formed and had 
numerous capillaries of neoformation, but not significant 
morphological changes of adipocytes were observed. At 
two months, the adipose tissue contains uniform adipocytes, 
separated by a delicate conjunctive stroma, with numerous 
blood capillaries of neoformation. Adipocytes were well 
represented even in the central area (Figure 8, A and B); 
inflammatory infiltrate was absent and an abundance of 
neoformation blood capillaries was observed. The necrosis 
was decreased. 

 
Figure 5 – Fat graft volume evolution in all four 
groups. 

Table 1 – Results of the Kruskal–Wallis test 

Group 
Adipocytes 

H (3) = 12.26, 
p=0.007 

Angiogenesis 
H (3) = 13.91, 

p=0.003 

Inflammation 
H (3) = 10.88, 

p=0.012 

Fibrosis 
H (3) =16.12, 

p<0.001 

Cysts/vacuoles 
H (3) = 15.86, 

p<0.001 

Calcifications 
H (3) = 13.34, 

p=0.004 
I 5.25 5.83 19.08 21.42 20.67 21.50 

II 14.92 16.67 8.50 9.08 10.33 10.50 

III 12.17 9.50 14.67 10.42 8.67 9 

IV 17.67 18.30 7.75 5.05 4.33 9 
 

 
Figure 6 – Group I (control group), two weeks after injection. The graft did not integrate, being mostly necrotic. In the 
central area, there are also several necrotic glandular structures that also confirm the non-integration of the graft:  
(A) HE staining, ×100; (B) IHC, anti-CK AE1/AE3 antibody, ×100; (C) IHC, anti-Vim antibody, ×100. CK: Cytokeratin; 
HE: Hematoxylin–Eosin; IHC: Immunohistochemistry; Vim: Vimentin. 
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Figure 7 – Group I (control group), one month after injection. The adipose tissue graft did not integrate: (A) In the 
central area, there are large numerous cyst that replaced the necrotized adipocytes (HE staining, ×100); (B) Dense 
connective tissue and large cysts have been replaced the necrotized adipocytes (IHC, anti-Vim antibody, ×100). HE: 
Hematoxylin–Eosin; IHC: Immunohistochemistry; Vim: Vimentin. 

 
Figure 8 – Group IV, two months after injection. Viable adipose tissue with blood vessels, epithelial glandular structures, 
and reduced inflammatory infiltrate: (A) HE staining, ×100; (B) IHC, anti-Vim antibody, ×100. HE: Hematoxylin–
Eosin; IHC: Immunohistochemistry; Vim: Vimentin. 

 
Statistical analyzes of groups II and III, using Mann–

Whitney U-test, did not reveal any significant differences 
for most of the histopathological (HP) parameters, except 
new blood formation and inflammation, while difference 
regarding intact adipocytes, fibrosis extension, the presence 
of cysts, and calcifications, were not significantly different 
(Table 2). 

In group II, at two weeks after fat transplantation,  
a moderate neutrophilic leukocyte infiltrate can be observed 
in the interstitial tissue with moderate degeneration of 
adipocytes. At two months after fat transplantation, the 
inflammatory process was reduced, and newly formed 
blood vessels, mature adipocytes and interstitial conjunctive 

hyperplasia were observed (Figure 9, A–D). In group III, 
at two months after fat transplantation, we observed well-
developed angiogenesis, represented by numerous small 
and medium-sized blood vessels; normal adipocytes 
predominated, and well-formed conjunctive stroma could 
be seen (Figure 10, A–C). 

In some grafts, we also observed non-uniform 
adipocytes, including large adipocytes, overloaded with 
lipids, in contact with new-formed blood vessels. In both 
groups (II and III), we identified a relatively good graft 
integration, but there were also hypercellular scar-type 
connective tissue, as well as cysts. 

Table 2 – Results of the Mann–Whitney U-test 

Group Parameters Adipocytes Angiogenesis Inflammation Fibrosis Cysts/vacuoles Calcifications 

I vs. II 

U 3.50 2 2.50 1.30 2 1.22 

z -2.43 -2.71 -2.54 -3.01 -2.66 3.05 

p 0.01 0.003 0.01 0.003 0.008 0.002 

Median I 2 2 4.5 3.5 2 3 

Median II 4 3 2 1 0.001 1 



Iulia Olaru et al. 

 

1148

Group Parameters Adipocytes Angiogenesis Inflammation Fibrosis Cysts/vacuoles Calcifications 

I vs. III 

U 5 10.50 9.50 0.50 0.05 1 

z -2.19 1.36 -1.42 -2.88 -3.00 -2.85 

p 0.02 0.17 0.15 0.004 0.003 0.004 

Median I 2 2 4.5 3.5 2 3 

Median III 4 2.5 3.5 1 0.001 1 

I vs. IV 

U 2 1.50 2.50 0.30 0.02 2 

z -2.62 -2.76 -2.53 -3.01 -3.00 -2.66 

p 0.007 0.006 0.011 0.003 0.003 0.008 

Median I 2 2 4.5 3.5 2 3 

Median IV 4 3.5 2 1 0.001 1 

II vs. III 

U 13 6 7.50 15.50 15 15 

z -0.96 -2.16 -1.73 -0.521 -0.63 -0.63 

p 0.33 0.06 0.08 0.59 0.52 0.52 

Median II 4 3 2 1 0.001 1 

Median III 4 2.5 3.5 1 0.001 1 

II vs. IV 

U 13 15 16 18 18 15 

z -0.96 -0.56 -0.33 0.33 -0.001 -0.63 

p 0.33 0.01 0.73 0.73 0.89 0.52 

Median II 4 3 2 1 0.001 1 

Median IV 4 3.5 2 1 0.001 1 

III vs. IV 

U 8 4.5 7 15.50 15 18 

z -1.91 -2.34 -1.80 -0.52 -0.63 -0.001 

p 0.05 0.01 0.07 0.59 0.52 0.98 

Median III 4 2.5 3.5 1 0.001 1 

Median IV 4 3.5 2 1 0.001 1 
 

 
Figure 9 – Group II, two months after injection. Relatively poor integration of the graft, with the presence of scarce 
viable adipose tissue, arranged in small lobules separated by thick conjunctive septa. Cyst with different shapes and 
dimensions were embedded into the dense conjunctive tissue, along with some distorted glands: (A) HE staining, ×100; 
(B) GS trichrome, ×200; (C) IHC, anti-CK AE1/AE3, ×100; (D) IHC, anti-Vim antibody, ×200. CK: Cytokeratin; GS: 
Goldner–Szekely; HE: Hematoxylin–Eosin; IHC: Immunohistochemistry; Vim: Vimentin. 
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Figure 10 – Group III, two months after injection. Relatively good integration of the graft, with the presence of viable 
adipose tissue, arranged in lobules separated by conjunctive septa, along with some cysts with different shapes and 
dimensions and rare glandular structures: (A) IHC, anti-Vim antibody, ×100; (B) IHC, anti-Vim antibody, ×200; (C) IHC, 
anti-CK AE1/AE3, ×100. CK: Cytokeratin; IHC: Immunohistochemistry; Vim: Vimentin. 

 
 Discussions 
The ideal filler for soft tissue augmentation should 

be easy to obtain, non-carcinogenic, non-teratogenic, 
non-inflammatory and non-migratory and with a good 
cost-efficiency ratio [8, 9]. It must also have predictable 
and persistent results and have minimal or no risk of 
transmitting infectious diseases. 

Autologous adipose tissue is abundant, soft, versatile, 
with a minimal morbidity of the donor site. Because it is 
an autologous implant, antigenic and allergenic reactions 
are not met [10]. 

The satisfactory results are observed in the immediate 
postoperative period, while sometimes, the long-term 
results are disappointing for both surgeon and patient 
[11, 12]. To compensate the high resorption rate was 
tried overcorrection (injection of a larger volume than 
necessary) and repeated lipofilling sessions [13, 14]. 

Unfortunately, overcorrection can cause serious 
problems, such as central necrosis of the graft, which may 
require surgical removal in some cases. Also, repeated 
lipofilling procedures increase the risk of infection being 
associated with impaired vascularization at the receptor 
site and increased resorption rate [15]. It has been shown 
that long-term efficiency of the procedure depends on 
neovascularization of grafts by anastomosing with host 
vascularization and maintaining the receptor site uninfected 
[16, 17]. 

The lack of consensus and standardization of this 
procedure with unpredictable resorption results limits many 
plastic surgeons to use it [18]. The technical procedures of 
harvesting and grafting have been investigated to optimize 
the surgical protocol, but the methods of preparing the 
fat before the injection remain controversial [19]. 

Some authors have observed that INS injection into 
transplanted tissue will cause adipocyte hypertrophy 
because INS induces acetyl-CoA carboxylase, increasing 
adipose tissue synthesis [20]. 

Several methods have also been used to increase  
the viability of transplanted adipose tissue: the use of 
interleukin-8 [21], selective beta-blockers [22], fibroblast 
growth factor [23], hyperbaric oxygen therapy [24]. 
However, no simple method capable of effectively increase 
the viability of fat grafts, that is widely applied in clinical 
cases, has been published. 

It has been reported that INS can stimulate primary 
cell lines of cultured adipocytes to proliferate and 
differentiate into mature adipocytes in vitro [20]. 

There is a large number of inflammatory cells present 
in the lipoaspirate, thus suggesting the potential of the fat 
mass to produce an inflammatory response. In a recent 
study was observed that inflammatory cytokines mediate 
the integration and survival of adipose cells [25]. The 
interaction between vascularization and inflammatory 
cytokines may be crucial for the survival and functionality 
of transplanted adipocytes. 
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EPO, a glycoprotein hormone, is involved in enhancing 
the immune response by exerting anti-inflammatory effects 
and in the induction of angiogenesis by instigating the 
secretion of angiogenic factors [26]. 

Sabbatini et al. [27] noted the provascular properties 
of the EPO. In particular, they showed that EPO induces 
an increases number of cluster of differentiation 31 
(CD31)-positive microvessels. In addition, EPO has a 
direct effect on leukocyte tissues infiltration. Reducing 
the number of macrophages is an important thing that 
can highlight a reduced inflammatory status. It also 
stimulates angiogenesis indirectly in ischemic tissue by 
increasing expression of the VEGF and by recruiting 
progenitor endothelial cells [28]. 

Hamed et al. reported that the effects of EPO on the 
survival of transplanted adipose tissue are better than 
those of VEGF [29]. EPO administration has benefits 
both locally and systemically, this being demonstrated by 
injecting subcutaneous EPO in hemodialysis patients [30]. 

In an animal study, it was observed that continuous 
EPO administration using an osmotic pump improves 
recovery from total cerebral ischemia [31]. Kim et al. 
observed that continuous EPO administration in nude mice, 
does not have benefits on the survival of transplanted 
adipose tissue, but improves the HP profile of the graft 
[26]. 

Early revascularization of fat grafts is very important 
for the viability of transplanted adipose tissue. Angiogenic 
factors including VEGF begin revascularization of fat 
grafts seven days after transplantation. Fat grafts are 
sensitive to ischemia during this period and delayed 
vascularization is critical for adipocytes. As a result, 
morphological changes of adipocytes are observed, the 
adipocyte cell membrane is detached, and adipocyte cysts 
and vacuoles develop in areas where no revascularization 
has occurred [2]. Thus, fat grafts are gradually resorbed 
after cell destruction [4]. Fibrotic tissue development  
is also common, but never fully compensates for the 
volume of lost adipocytes [2]. Moreover, the clinical 
applicability of angiogenic factors, such as INS and EPO, 
have been shown to contribute to fat graft viability. 

 Conclusions 
Recent studies have focused on drugs or biological 

factors capable of improving the long-term fat graft 
integration and survival. EPO and INS appear to have 
promising results. They have the big advantage to be 
already approved drugs and that the effects of their 
administration on humans are known. It is already 
demonstrated that INS and EPO administration have a 
trophic effect on vascularization, an anti-inflammatory 
role and leads to an improvement in adipocyte survival 
and proliferation. In this experiment, the pathological 
findings reveal the synergistic and additive effect of  
INS with EPO combination in AFT method. Efficient 
administration and dose optimization for these growth 
stimulating factors are important things to consider in 
the future. Several studies with different doses, and the 
observation of the long-term stimulatory effect are needed 
before clinical applicability is considered. 
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