
 

 

 

The effect of activated platelet rich 
plasma on the survival of grafted fat 

 

 

 

 

 

 

 

 

 

 

 

 

 

Dong Seok Oh 

 

Department of Medicine  
 

The Graduate School, Yonsei University 

 



 

 

 

The effect of activated platelet rich 
plasma on the survival of grafted fat  

 

 

 

Directed by Professor Dae Hyun Lew 

 

The Master's Thesis  

submitted to the Department of Medicine 

the Graduate School of Yonsei University 

in partial fulfillment of the requirements for the degree of 

Master of Medical Science 

 

Dong Seok Oh 

December 2010 



 

 

 This certifies that the Master's Thesis of 
 Dong Seok Oh is approved. 

 

 

------------------------------------ 

Thesis Supervisor : Dae Hyun Lew  
 

------------------------------------ 

 Thesis Committee Member#1 : Hyun Ok Kim 
 

------------------------------------ 

Thesis Committee Member#2 : Won Jai Lee 
 

 

The Graduate School  
Yonsei University 

December 2010 



 

ACKNOWLEDGEMENTS 

Until the completion of my Master’s program, professor Dae Hyun Lew, my 

thesis supervisor, advised and supported me enthusiastically. He taught me how to 

ask my questions and express my ideas. He showed me different ways to approach a 

research problem and the need to be persistent in accomplishing my goal. 

 Special thanks goes to my co-supervisor, Hyun Ok Kim, who is most responsible 

for helping me complete the writing of this article as well as the challenging research 

that lies behind it. Professor Kim has been a friend and mentor. She taught me how to 

write academic papers, made me a better doctor, had confidence in me when I 

doubted myself, and brought out the good ideas in me. 

 I would also like to say ‘thank you’ to Won Jai Lee another co-supervisor. Without 

his encouragement and constant guidance, I could not have finished this article. He 

always was there to meet with me and talk about my ideas, to proofread my draft 

papers, and ask me essential questions to help me think through my problems. 

 I am deeply grateful to my friend, Young-Woo Cheon and Ye Rum Jeon, for the 

encouraging help and bright ideas through all the years of progress.  

I will never forget the absolute support and love from my parents. I truly thank to 

my wife, Soo Jin Kim, for her love and the support. Also I want to share my joy with 

dear sons, Joon Taek and Seung Taek. Finally I would like to devote this thesis for the 

honor of God. 



 

<TABLE OF CONTENTS> 

ABSTRACT···························································································1 

I. INTRODUCTION ················································································3 

II. MATERIALS AND METHODS····························································6 

1. Preparation of the fat······································································6 

2. Animal model···············································································6 

3. Preparation of platelet rich plasma···················································7 

4. Fat procession and injection ···························································9 

5. Follow up and data collection························································10 

6. Statistical analysis ·······································································10 

III. RESULTS·······················································································11 

1. Volume and weight of the fat graft·················································11 

2. Histology of the fat graft······························································14 

IV. DISCUSSION·················································································17 

V. CONCLUSION·················································································22 

REFERENCES······················································································23 

ABSTRACT (IN KOREAN)··································································27 

 

 

 

 



 

LIST OF FIGURES 

Figure 1. Preperation of platelet rich plasma·······································8 

Figure 2. Subcutaneous injection of fat into the mouse scalp using a 

16-gauge sharp needle ······································································9 

Figure 3. The autopsy specimen of fat graft in the PRP group and the 

control group ··················································································12 

Figure 4. Volume and weight of the fat graft in platelet rich plasma 

and control group············································································13 

Figure 5. The fat specimen of the platelet rich plasma and the control 

group ·······························································································16 

 

 

 

LIST OF TABLES 

Table I. Comparison of histological parameter ranks in both groups 

after 10 weeks·················································································15 



 1

Abstract 

The effect of activated platelet rich plasma 

on the survival of grafted fat 

 

Dong Seok Oh 

 

Department of Medicine 

The Graduate School, Yonsei University 

 

(Directed by Professor Dae Hyun Lew) 

 

Fat graft has a very long history of use as a soft-tissue filler, but reports have 

demonstrated a variable degree of fat graft survival. Numerous processing methods 

have been proposed to achieve the goal of maximal survival. However, no definitive 

treatment to achieve this goal is available yet. Autologous platelet rich plasma (PRP) 

is a product derived from fresh whole blood that contains a high concentration of 

platelets with healing anti-inflammatory and proregenerative properties. The author’s 

hypothesis is that PRP could enhance the survival and quality of fat graft through its 

angiogenic effect. The scalp model of a nude mouse was applied. Twenty mice were 
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randomly divided into two groups, with 10 rats in each group. The PRP group 

received fat mixed with PRP and then thrombin/CaCl2 mix was injected to activate 

PRP. The control group received fat mixed with saline. After 10 weeks, the mice were 

sacrificed and the fat pad was dissected and volume and weight measurements were 

performed. Light microscopical examination of the fat pad was performed. The 

histological parameters evaluated were as follows: presence of intact and nucleated 

fat cells; presence of cysts and vacuoles; inflammation, as evidenced by infiltration of 

lymphocytes and macrophages; vascularity; and presence of fibrosis. We could 

observe the increment of volume and weight of fat graft in the PRP group compared 

to the control group (t-test, p<0.05). Histologic evaluation of the grafts revealed 

significantly less cyst and vacuole formation in the PRP group (Mann-Whitney 

nonparametric test, p<0.05). Also, the PRP group showed more vascularity and less 

fibrosis compared to the control group (p<0.05). However, the cellular integrity of fat 

cell and inflammation within the specimen did not achieve statistical difference in the 

PRP and control groups. PRP treatment could improve the survival and quality of fat 

graft which was confirmed by volume and weight measurement and histological 

evaluation. 

---------------------------------------------------------------------------------------------------------------- 

Key words: platelet rich plasma, fat graft, angiogenesis 
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I. INTRODUCTION 

Fat graft has a very long history of use as a soft-tissue filler for various anatomical 

regions, but reports from human and animal research have demonstrated a variable 

degree of fat graft survival.1 Different techniques of harvesting, processing, and 

injecting the fat cells are claimed to be responsible for the outcome of grafted fat 

survival.2-4 Although fat injection has become a very common practice in aesthetic 

and reconstructive plastic surgery, there is less agreement as to the best way of 

processing the fat to ensure maximal take and viability of the graft.5-7  
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The grafted fat is damaged immediately after injection because of mechanical 

injury due to injection force and ischemic injury due to devascularization. On the 4th 

day after the graft, revascularization of the graft occurs by neoangiogenesis from the 

host bed vascular system.8 However, the process of revascularization is limited, to 

some extent, to the periphery, leaving central cells with marginal access to a vascular 

supply. So, an early and adequate revascularization is important to enhance the 

survival of grafted fat.9 Numerous processing methods and adjuvant materials have 

been proposed to achieve the goal of maximal survival of grafted fat cells.10, 11 

However, no definitive treatment to achieve this goal is available yet.1 

Autologous platelet rich plasma (PRP) is a product derived from fresh whole blood 

that contains a high concentration of platelets with healing anti-inflammatory and 

proregenerative properties that permit the body to heal tissue wounds faster and more 

efficiently.12 The clinical use of platelet-rich plasma for a wide variety of applications 

has been reported, most prevalently in the problematic wound, maxillofacial, and 

spine literature.12-14 Collectively, these studies provide strong evidence to support the 

clinical use of platelet-rich plasma.  

The regenerative potential of platelet-rich plasma depends, to a large extent, on the 

levels of secretory proteins that are released on platelet activation. These secretory 

proteins are VEGF, EGF, PDGF, TGF-1, TGF-β2, and IGF-1. The release of 

secretory protein can be accomplished through platelet activation or through physical 
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disruption of the platelet/α-granule structure.15 The most common method of platelet 

activation is to add calcium chloride and thrombin to the platelet-rich plasma. The 

thrombin directly activates platelets, and the calcium ion replenishes that which was 

bound by the acid citrate dextrose type A anticoagulant.13 Although this method is 

often used to activate platelet-rich plasma clinically, the activation that occurs during 

clot formation does not necessarily lead to complete release.  

The author’s principal hypothesis is that PRP would improve survival of grafted fat 

through the release of various secretory proteins to enhance neovascularization. In 

this study the hypothesis was investigated using a mouse scalp fat graft model. The 

effect of PRP on the grafted fat was evaluated by documenting the volume and weight 

of grafted fat and histological analysis. 
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II. MATERIALS AND METHODS 

 

1. Preparation of the fat  

The fat was harvested by suction-assisted lipectomy from a 35-year-old healthy 

woman without any previous history of disease during an elective abdominoplasty 

performed under general anaesthesia. The Coleman technique was used to harvest the 

fat from the abdominoplasty specimen.1 The fat was aspirated using a sterile 60-cc 

syringe and a 14-gauge cannula with a blunt tip and three holes proximally. 

Tumescent fluid (1L N/S + 50cc 1% lidocaine + 1cc 0.1% epinephrine) was injected 

20 minutes before the suction-assisted lipectomy procedure. The aspirated fat was 

processed under sterile conditions by one sessions of centrifuging for 5 min each at 

1500 rpm. The centrifuging was followed by separation of the fat cells from the fluid 

and cell debris using a simple sterile pipette. 

 

2. Animal model 

Twenty 7-week-old male nude mice, weighing 30~35 g, were used in this study. 

This model, which has been previously used for studying fat injection, enables us to 

observe the take of human fat in an animal model.2, 16 The animals were procured 

from the pathogen-free animal breeding facility of the Yonsei University, Seoul, 

Korea. They were kept under constant laminar airflow and were allowed to feed on 



 7

standard laboratory chow and water. The mouse scalp was chosen as the recipient site 

for the fat injection.2 The absence of subcutaneous fat in this area facilitates the 

dissection of the human fat grafts from the injection site at the end of the study. It also 

makes it easy to distinguish the grafted fat from the surrounding tissues. The Animal 

Care and Experiment Committee of the Yonsei University approved the experimental 

protocol. 

 

3. Preparation of PRP  

25.5 ml of blood was obtained from the voluntary and healthy donor and mixed it 

with 4.5ml of anticoagulant citrate dextrose solution formula A (ACDA). The tube 

was inverted several times to mix the blood and anticoagulant. The first centrifugation 

was performed with the GPS system (Cell factor technologies, Inc., Warsaw, In) for 

10 minutes at 160 g.15 As a result, the whole blood was separated into the bottom-

most RBC layer, and the topmost straw-colored plasma layer. Using a sterile syringe, 

the straw-colored plasma and buffy coat were transferred into another tube without an 

anticoagulant. This tube was centrifuged, for 10 minutes at 400 g (Figure 1). This 

allowed the platelets to settle at the bottom of the tube, and 82,200/μl of PRP was 

obtained. 
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Figure 1. Preperation of PRP  
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4. Fat procession and injection  

The mice were divided into two groups, the PRP group and the control group, of 10 

animals each. The PRP group had the combination of 0.7 ml of fat and 0.21 ml of 

PRP. The activator of PRP, 0.15 ml thrombin/CaCl2 mix, was evenly injected to the 

fat graft. The second group had the combination of 0.7 ml of fat and 0.36ml of normal 

saline. Subcutaneous injection of fat was performed using a 16-gauge sharp needle 

(Figure 2). 

 

 

Figure 2. Subcutaneous injection of fat into the mouse scalp using a 16-gauge sharp 

needle. 
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5. Follow up and data collection  

The animals were euthanized 10 weeks after the fat injection. The fat pad was 

dissected free and weight and volume measurements were performed. The liquid 

overflow method was used to measure the volume. Light microscopical examination 

of hematoxylin and eosin-stain of the fat pad was performed. The histological 

parameters were evaluated as follows: the presence of intact and nucleated fat cells; 

presence of cysts and vacuoles; inflammation, as evidenced by infiltration of 

lymphocytes and macrophages; vascularity; and the presence of fibrosis and other 

components of connective tissue (i.e., collagen and elastic fibrils).17 Each of these 

parameters was graded on a semiquantitative scale of 0-5 by the evaluation of the 

relative presence of each of the histological parameters under examination as follows: 

0 = absence, 1 = minimal presence, 2 = minimal to moderate presence, 3 = moderate 

presence, 4 = moderate to extensive presence, and 5 = extensive presence.18 All 

evaluations were carried out independently by two pathologists.  

 

6. Statistical analysis  

Statistical analysis of fat graft weight and volume of both groups was made using 

the Independent Samples T-test with SPSS for Windows version 12.0 (SPSS, Inc., 

Chicago, Ill.). The Mann-Whitney nonparametric test was used to analyze the ranked 

histological parameters between the two groups. 
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III. RESULTS 

 

1. Volume and weight of the fat graft 

No mouse in study and control groups died during 10-weeks period. The fat graft in 

all surviving mice remained as a well defined subcutaneous lump within the scalp. 

We could observe the fat graft had taken well without any reactive fluid collection.  

The volume of PRP group was 74.9 ± 9.2 percent of the initial fat, but the volume of 

control group was 60.0 ± 9.4 percent (Figure 3). This revealed that the volume of PRP 

group was greater than that of control group with statistical significance ( p < 0.05 ). 

The weight of PRP group was 60.1 ± 9.8 percent of the initial fat, but the weight of 

control group was 52.7 ± 6.7 percent. The weight of PRP group was also greater than 

that of control group with statistical significance ( p < 0.05 ) (Figure 4). 
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Figure 3. The autopsy specimen of fat graft in the PRP group (Left) and the control 

group (Right). The volume of the PRP group is larger than the control group. 
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Figure 4. Volume and weight of the fat graft in platelet rich plasma and control 

group. The volume and weight of platelet rich plasma group were greater than control 

group with statistical significance (t-test, *p<0.05 ).  
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2. Histology of the fat graft 

The findings of the histologic evaluation are shown in Table I. Histologic 

evaluation of the grafts revealed significantly less cyst and vacuole formation in PRP 

group ( p<0.05 ). Also, PRP group showed more vascularity and less fibrosis 

compared to control group with statistical significance (Figure 5). However, the 

cellular integrity of fat cell and inflammation within the specimen did not achieve 

statistical difference in PRP and control groups.  
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Table I. Comparison of histological parameter ranks in both groups after 10 weeks 

 Control Group PRP Group p value 

Integrity 3.12 ± 0.79 2.98 ± 0.82 0.897 

Cyst/ Vacuoles 3.59 ± 1.07 2.27 ± 1.01 0.011 

Inflammation 1.97 ± 0.74 1.41 ± 0.83 0.287 

Vascularity 0.91 ± 0.47 1.74 ± 0.79 0.023 

Fibrosis 2.25 ± 0.93 1.38 ± 0.95 0.029 

0, absence; 1, minimal; 2, minimal to moderate; 3, moderate; 4, moderate to 

extensive; 5, extensive presence 
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Figure 5. The fat specimen of the platelet rich plasma group (left) and the control 

group (right) under x100 magnification (hematoxylin and eosin stained). The PRP 

group showed more vascularity, less fibrosis, and less cyst formation compared to the 

control group. 
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IV. DISCUSSION  

Autologous free fat graft for the correction of soft-tissue defects has gained vast 

support, mainly because of its simplicity and low associated morbidity. The main 

disadvantage of this technique is the high absorption rate of the injected fat, which 

can reach up to 70 percent of its volume.19 The mechanisms responsible for this are 

not completely clear. The most accepted theory is the Peer’s cell survival theory, 

which states that the number of viable adipocytes at the time of graft correlates with 

ultimate fat graft survival volume.  

The fate of grafted fat was not clear, but many articles report the mechanism of fat 

graft survival.20, 21 The grafted fat is damaged immediately after injection. That is 

because the injection force mechanically injures the fat, and devascularization causes 

an ischemic injury. On the 1st day after fat graft, neutrophil infiltration followed by 

the influx of macrophages, histiocytes, multinucleated giant cells leads to the clearing 

of cellular debris. Histologic examinations of free fat grafts disclose slight necrosis of 

the adipocytes 48 hours after the transplantation, with only partial revascularization of 

the autologous fat graft at that time. On the 4th day after fat graft, revascularization of 

the graft occurs by neoangiogenesis from the host bed vascular system. However, the 

process of revascularization is limited, to some extent, to the periphery, leaving 

central cells with marginal access to vascular supply.21 Within 8 days after the fat 
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graft the central cells lost their fat vacuole. It is also possible that this loss occurred 

within the first 4 days and the cells with a vacuole die shortly thereafter because they 

are unable to get rid of their fat in time and need too much oxygen to survive.20 The 

process of death and removal of adipocytes continues as long as the reorganized 

blood supply fails to match the graft’s vascular demand. Therefore, an early and 

adequate revascularization is most important to enhance the survival of fat graft. A 

delay in supply of blood to the tissue is critical for the survival of the adipocytes, 

which are sensitive to ischemia.22 As a result, degenerative changes occurr in the 

adipocytes, the cell membrane becomes detached, and fatty cysts and vacuoles 

develop in the regions that have not been revascularized.23 In the later stages of grafts, 

fibrous tissue ingrowth occurs but never compensates for the total volume of the 

adipocytes lost.24 

Our results demonstrated that PRP could enhance the survival and quality of fat 

graft in nude mice. Although several mechanisms could be responsible for this result, 

the most important factor would be induction of angiogenesis. PRP have been shown 

to contain mitogenic and chemotactic growth factors that are important in 

angiogenesis such as vascular endothelial growth factor (VEGF), and epidermal 

growth factor (EGF).15 These factors could promote angiogenesis during the course of 

fat graft in PRP group. The histologic evaluation of specimen could confirm more 
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vascularity in PRP group (Table I). Also the VEGF gene therapy is well known to 

enhance survival of fat graft.10 As we discussed above, the formation of cysts and 

vacuoles in fat graft could be attributed to inadequate vascularization. The PRP group 

showed formation of less cysts and vacuoles than the control group. This revealed 

proper angiogenesis happened in the PRP group. The second factor is that PRP could 

enhance proliferation of adipose stromal cells (ASCs) and also stimulate ASCs to 

differentiate into adipocytes. During the fat harvesting procedure, some amount of 

ASCs were usually included in fat gaft.25 The proliferating effect of PRP to ASCs 

could be one reason for enhanced survival of fat graft. Also, in vitro, PRP is known to 

stimulate the proliferation of ASCs and adipose tissue.26    

There had been a few debates for the effect of PRP. In 2008, Por et al. reported that 

PRP has no effect on increasing free fat graft survival in nude mice.27 However, 

several important factors were ignored in the study. First, they did not use any 

activator for PRP. Activation, also known as degranulation, causes the α-granules to 

fuse to the platelet cell membrane, where at least some of the secretory proteins (e.g., 

PDGF and TGF-β) are transformed and enter a bioactive state by the addition of 

histones and carbohydrate side chains.28 Second, the preparation protocols were 

different. The preparation of PRP has been described by several authors.13, 14 

Preparation protocols vary from system to system, depending on the concentration of 
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the different integrating proteins.29 The different protocol could make different 

concentration of growth factors. Third, the ratio of PRP to fat was greater in our study. 

This could make enough growth factor concentration to enhance survival and quality 

of fat graft.  

PRP has been used in various clinical applications, including periodontal and oral 

surgery,14 maxillofacial and aesthetic plasticy,30 spinal fusion,31 heart bypass 

surgery,32 and treatment of soft-tissue ulcers.15 PRP, being produced during surgical 

procedures under sterile conditions, is easily produced and safe to use; moreover, 

PRP lacks surface antigens responsible for potential allergic reaction. The secreted 

growth factors from PRP immediately bind to the external surface of cell membranes 

of cells in the graft, flap, or wound via transmembrane receptors. Studies have shown 

that adult mesenchymal stem cells, osteoblasts, fibroblasts, endothelial cells, and 

epidermal cells express the cell membrane receptors to growth factors in PRP.14 

These transmembrane receptors in turn induce an activation of an endogenous internal 

signal protein, which causes the expression of a normal gene sequence of the cell such 

as cellular proliferation, matrix formation, osteoid production, collagen synthesis, 

etc.28 The importance of this knowledge is that the PRP growth factors never enter the 

cell or its nucleus, they are not mutagenic, and they stimulate normal healing. 

Therefore, PRP has cannot induce tumor formation and has never done so.33 
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There are several problems to be addressed before applying our result in clinical 

practice. In this study, the ratio of fat to PRP is 3.3 : 1. The fat graft usually requires 

more than 20ml of fat. Clinically too much blood is required to obtain enough PRP to 

enhance the survival and quality of fat graft. Also, further research is required to 

reveal the optimal concentration of platelet to enhance the survival and quality of fat 

graft. We used thrombin/CaCl2 mix to activate PRP, but the activator could make 

tissue reaction. Therefore, further research should be performed before clinical 

applications to find more safe and effective activators. 
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V. CONCLUSIONS  

In order to elucidate the effect of PRP on the survival and quality of fat graft, the 

scalp model of nude mice was applied. PRP was activated with thrombin/CaCl2. PRP 

treatment could improve the survival and quality of fat graft which was confirmed by 

weight and volume measurement and histological evaluation. For future clinical 

applications, a safer activator and effective preparation method of PRP for humans 

should be studied.  
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< ABSTRACT (IN KOREAN)> 

 

활성화된 혈소판 풍부 혈장 (Platelet rich plasma)이 이식된 지방세포 

생존에 미치는 영향 

 

<지도교수 유 대 현> 

 

연세대학교 대학원 의학과 

오 동 석   

 

  

지방이식술은 연조직의 보강을 위하여 오랜기간 사용되어 온 방법이지만 

그 흡수율이 일정하지 않다는 단점이 있다 그동안 여러가지 방법들이 이식

된 지방 세포의 생존율을 향상 시키기 위하여 제시되었으나 아직까지 표준

화된 방법은 제시되지 못하고 있다. 혈소판 풍부 혈장 (Platelet rich plasma)

은 전혈에서 얻어지는 물질로서 항염증 작용과 조직 재생 작용이 있다고 

알려져 있다. 본 저자들은 이러한 혈소판 풍부 혈장의 작용이 이식된 지방

세포의 생존율을 증가 시킬 것이라고 가정하였다. 누드 마우스의 두피 모

형을 이용하여 지방 이식술을 시행하였다. 복부 성형술을 시행하는 건강한 

지원자에게서 혈액과 지방을 채취하였다. 총 20마리의 누드 마우스를 10마

리씩 혈소판 풍부 혈장군 (실험군) 과 대조군으로 분류하였다. 실험군은 지

방과 혈소판 풍부 혈장군을 두피에 이식하였으며 그 후 혈소판 풍부 혈장
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을 활성화 시키기 위하여 thrombin과 염화칼슘을 주입하였다. 대조군은 지

방과 생리식염수를 두피에 이식하였다. 시술 10주후 누드 마우스를 희생시

켜 이식된 지방의 부피와 무게를 측정하였다. 또한 지방을 Hematoxilyn 과 

Eosin 으로 염색하여 광학 현미경 하에서 관찰하였다. 관찰 척도로는 첫째, 

온전한 지방세포의 존재, 둘째, 포낭 및 소포의 존재, 셋째, 염증의 정도, 

넷째 혈관의 신생화, 다섯째 섬유화의 정도를 각각 반정량적으로 측정하였

다. 혈소판 풍부 혈장군에서 대조군에 비하여 부피와 무게 모두 통계학적

으로 유의하게 큰 것으로 나타났다. 조직학적인 검사에는 혈소판 풍부 혈

장군에서 대조군에 비하여 포낭 및 소포의 존재가 적었으며 섬유화 역시 

적게 나타났다. 또한 혈관의 신생화는 혈소판 풍부 혈장군에서 대조군에 

비해 더 많이 나타났다. 하지만 온전한 지방세포의 존재도와 염증의 정도

에 있어서는 실험군과 대조군이 차이가 없었다. 본 실험을 통해서 활성화

된 혈소판 풍부 혈장이 이식된 지방세포의 생존을 증가시키는 것이 확인되

었다. 이를 임상적으로 응용하기 위해서는 보다 안전한 활성화 물질과 보

다 효율적인 혈소판 풍부 혈장의 준비 방법에 대한 연구가 더 필요할 것이

다. 
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