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Abstract: 
Background : The current standard management of diabetic foot ulcers (DFUs) consists of surgical debridement followed by frequent dressing changes with tight infection and glycaemic control. Recently, the use of autologous platelet-rich fibrin (PRF) has emerged as an adjunctive method for the treatment of DFUs. This study aims to evaluate the role of combination of A-PRF + hyaluronic acid (HA) for the treatment of DFUs. 
Methods : This open-label randomized controlled trial was conducted at Koja District Hospital and Gatot Soebroto Hospital from July 2019 to April 2020. DFU patients with a wound duration of three months, Wagner-2, with an ulcer size less than 40 cm2 were included in the study. Subjects were taken based on the rule of thumb and divided randomly into three groups, namely topical A-PRF + AH, A-PRF and 0.9% Sodium Chloride as a control, each of 10 subjects. Biomarkers (e.g., VEGF and IL-6) were examined from the DFUs by cotton swab and analysed using an ELISA. Biomarkers and the granulation index were checked on days 0, 3, and 7. Data were analysed using SPSS version 20 software with an ANOVA and Kruskal Wallis test to compare the effects of angiogenesis and inflammation in the three groups. The granulation index was measured using ImageJ. 
Result : Topical therapy with A-PRF + AH was associated with a significant increase in VEGF from day 0 (232.8 pg/mg protein) to day 7 (544.5 pg/mg protein) compared to A-PRF on day 0 (185.7 pg/mg protein) to day 7 (272.8 pg/mg protein), and the controls on day 0 (183.7 pg/mg protein) to day 7 (167.4 pg/mg protein). In the A-PRF + AH group, there was also a significant decrease in IL-6 from day 0 (106.4 pg/mg protein) to day 7 (88.7 pg/mg protein) compared with PRF on day 0 (91.9 pg/mg protein) to day 7 (48,8 pg/mg protein). In contrast, IL-6 was increased in the control group from day 0 (125.3 pg/mg protein) to day 7 (167.9 pg/mg protein).
Conclusion: The combination of PRF + HA can increase angiogenesis (VEGF) and reduce pro inflammation (IL-6) in DFUs. A-PRF + HA may represent a new therapeutic method for DFU. 
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1.	INTRODUCTION
The development of holistic treatment of diabetic foot ulcers (DFU) has evolved in the last decade since it was found that topical therapies with biologically effective ingredients were found. The provision of supplementary therapy with growth factors has been shown to be beneficial for the treatment of DFU in addition to standard treatment with debridement, vascular control and infection. The main problem with DFU is that it takes longer to heal than other wounds. One of the contributing factors is chronic inflammation where high levels of matrix metalloproteinases (MMPs) significantly contribute to delayed healing.3 These inflammatory cells release cytokines including interleukins (IL1, IL6) and tumor necrosis factor-α (TNF-α) which will cause chronic inflammation.4  
4  
The presence of a neuro-ischemic condition in DFU results in reduced oxygen and nutrient delivery to the wound which leads to impaired wound healing. Due to lack of oxygen and nutrients, endothelial cells are unable to express growth factors that play a role in wound healing, such as vascular endothelial growth factor (VEGF) and platelet-derived growth factor (PDGF).5  
Almost all of the cells at the wound will influence the metabolism and activity such as decrease the level of growth factor that will delay the healing process.6 
Platelet-rich fibrin (PRF) has been used as a therapeutic supplement in the treatment of wounds in the field of oral surgery.7 Autologous PRF gels contain cytokines, growth factors, chemokines, and fibrin scaffolds that originate from the patient's blood.7,8 Alpha granules are present in platelets contains many growth factors including PDGF, VEGF and transformation growth factor- (TGF- ) which functions to stimulate cell proliferation and differentiation to form new tissue.7 This will induce molecular and cellular responses to normal wound healing.
In the last decade, PRF has been developed to Advance Platelet Rich Fibrin (A-PRF) which has more growth factors resulting faster and better wound healing.9 
The patient of DFU has low growth factor and prolonged inflammation, so to optimize   growth factor release and control the inflammation, hyaluronic acid (HA) is added to A-PRF.10
HA is a glycosaminoglycan that could enhance angiogenesis, wound healing and reduces chronic inflammation in DFU.11 However, combination of A-PRF+HA has not been used in the treatment of DFU, so it is necessary to do research to find out the effect of combination of A-PRF and HA in the treatment of DFU.

2. METHODS. We conducted an open label randomized controlled trial on July 2019 to April 2020. Informed consent was obtained from patients including the use of photographs (ImageJ). The study has been approved by The Ethics Committee of the Faculty of Medicine Universitas Indonesia ID 0855/UN2.F1/ETIK/2018. 	Comment by 12641: The Methods should be written more detailed, and not confuse the reader. 
The study was conducted in Koja District Hospital and Gatot Soebroto Hospital, Jakarta. Diabetic patients with chronic foot ulcer (DFU), with an average wound duration of three months, categorized as Wagner 2, ulcer large less than 40 cm2 were included in the study. All patients had blood sugar under control with oral antidiabetic in the range of 150 - 200 mg/dl. HbA1c range was 6 - 7.5 mg/dl. Patients with the following criteria were excluded: platelet dysfunction syndrome, critical thrombocytopenia, unstable hemodynamic and pregnancy. 
Patients who had come to the diabetes clinic and met the inclusion criteria were taken peripheral venous blood to get A-PRF. In the A-PRF + HA group, HA was added according to the study protocol. Gel A-PRF + HA and A-PRF were used as topical therapy in DFU. The parameters of the study were swab biomarkers of VEGF and IL-6 and image evaluation on wounds before treatment and on days 3, 7.

2.1 A-PRF and  A-PRF+HA Preparation 	Comment by 12641: A-PRF from patient or autologous? Must be clear.
To make A-PRF gel we used autologous 20-40 mL venous blood in non anticoagulant tube, then centrifuge 200 G for 8 minutes resulting fibrin, buffy coat, erythrocytes. 	Comment by 12641: You refer this from previous article? Please write the references.
Erythrocytes layer was carefully removed from above the buffy coat and fibrin with a sterile scissor and transferred to a new sterile tube. A-PRF was formed by fibrin and buffy coat, in which platelet (rich growth factor and cytokine) was entrapped in the fibrin.  
To make homogenous A-PRF+HA gel, 1 mL A-PRF was mixed with 0.6 mL HA 0,2% using a vortex machine around 20 seconds. 	Comment by 12641: Decimals should be written with (.)

2.2 Wound treatment and monitoring 
In this study, the subject divided into 3 groups: A-PRF+HA, A-PRF and 0,9% sodium chloride (NaCl) as control.
Every topical application the amount of gel was depend of ulcer large.Topical A-PRF or A-PRF+HA is used  for ulcer large 10 cm2  and covered by a protective bandage. The same condition was also done every three days.
In monitoring wound healing, swab of biomarker did before clean the wound every patient control. In addition to biomarker evaluation, clinical wound development is carried out by looking at the granulation of the area and the epithelialization of the wound (wound area).
 The wounds were photographed before and after treatment using a digital camera. The wound and granulation area was identified using ImageJ assessment software. Granulation index is used as an indicator of granulation growth on wound area which measured by ImageJ software. 	Comment by 12641: Before and after picture should be presented for the result.

Biomarker of Wound Healing Evaluation
To identify the process of angiogenesis and condition in DFU healing, VEGF and IL-6 biomarker was taken by cotton swab  using sterile cotton gauze and rotated on the wound in the central area until the gauze is wet  cotton from DFU surface before topical therapy.	Comment by 12641: How the swab is taken? And how the procedure to detect the VEGF and IL-6?  Diluted with?
From the wound fluid that is caught on a cotton swab, it is placed in an aliquote tube containing NaCl buffer and sent to an integrated laboratory. The material obtained is in a 1500 G centrifuge to obtain lysate and is examined for VEGF and IL-6 with an Elisa Reader.
The data were analysed using SPSS version 20. The association between variables was tested by anova and Kruskal Wallis. 
3. RESULTS 
We recruited 30 subjects consist of 12 men and 18 women. The median age of women was 64 years and men 61 years. The subjects were divided into three groups (A-PRF+HA, PRF and control) randomly; 10 subjects for each group. 
[bookmark: _Toc48507799][bookmark: _Toc47618071]
Table 1. Characterictic  Subject Base On Interventrion 

	Characteristic
	A-PRF+AH
(n = 10)
	A-PRF
(n = 10)
	Control 	Comment by 12641: Bahasa Indonesia.
(n = 10)
	     p

	Age (year)a
	59.8 (SD 12.7)
	64.7 (SD 12.0)
	62.9 (SD 13.2)
	0.626 

	       Sex. n (%)
Male
Female
	
5/10                       
5/10
	
4 (40)                    
6 (60)
	
3 (30)                                  
7 (70)
	

	BMIa
	28.9 (SD 2.7)
	27.3 (SD 2.08)
	28.4 (SD 2.5)
	0.337 

	Hemoglobin (g/dL)
	12.7 (27.4−39.0)
	13.1 (SD 1.3)
	12.05 (10.1−16.5)
	0.224 

	Hematocrite(%)
	34.1 (SD 4.3)	Comment by 12641: Please be consistent in presenting the data.
	35.4 (SD 4.9)
	33.5 (SD 6.4)
	0.145 

	Leucosit (103/µl) a
	13.30 (SD 1.08)
	11.08 ( SD1.33)
	9.23 (SD 1.66)
	0.985 

	Platelet (103/µl) a                                       
Random Blood  
Glucosa. mg/dLb
	354.9 (SD 167.5)
286.0 (170−390)
	338.8 (SD 164.5)
243.8 (SD 47.4)
	319.9 (SD 128.4)
254.7 (SD 58.6)
	0.880
0.104 

	HbA1C (%)a                                                    
Cholesterol total
(mg/dL) 
	11.34 (SD 1.30)
214.5 (SD16.9)
	9.0 (SD 0.68)
249.3 ( SD 16.1)
	8.5 (SD 0.72)
202.3 (SD 38.6)
	0.950
0.096 

	       Albumin (mg/dL) 
	3.3 (2.8–4.2) 
	3.1 (2.8–4.2) 
	3.2 (SD 0.39)
	0.662 


amean (SD), anova test
bmedian (min-max), Kruskal Wallis test

3.1. Biomarker output
Table 2 shows the level of VEGF that collected from DFU swab.  On baseline, the VEGF levels were not significant difference among the three groups, meaning that the data was homogenous. 
Evaluation on day-3 and day-7 days shows significant increase on VEGF levels in the A-PRF+HA group compared with PRF and controls. 
On day-3 the VEGF level increase in the A-PRF+HA group (232.8 pg/mg to 320.6 pg/mg) and on day-7 (232.8 pg/mg to 544.5 pg/mg). In PRF group, there is a decrease of VEGF level on day-3 (185.7 pg/mg to 180.4 pg/mg) and but an increase day-7 (185.7 pg/mg to 272,8 pg/mg). In control group there is also a decrease of VEGF level   on day-3 (183.7 pg/mg to 144.8 pg/mg) and day-7 (183.7 pg/mg to 167.4 pg/mg). 

Figure 1. shows the ∆ VEGF based on the interventions. The delta of VEGF levels in A-PRF+HA group increase: ∆ 0−3 (43.1 pg/mg), ∆ 3-7 (145.9 pg/mg) and ∆ 0−7 (275.8 pg/mg). 
In A-PRF group, there is increase ∆ 0−3 (1.8 pg/mg), ∆ 3-7 (99.9 pg/mg) and ∆ 0−7 (104.7 pg/mg). In control group, there is decrease ∆ 0−3 (4.9 pg/mg) and increase ∆ 3-7 (30.1 pg/mg) and ∆ 0−7 (28.3 pg/mg)
In group A-PRF+HA there is an increase of ∆ VEGF compared to the PRF and control group on day-3 (p = 0.003), and on day-7 (p < 0,001). 






Table 2. Mean of VEGF swab DFU base on intervention
	Intervention
	A-PRF+HA
Mean (SD)
	A-PRF 
Mean (SD)
	Control   
Mean (SD)                         
	Anova p

	Day-0
	232,8 (125,7)
	185,7 (100,8)
	183,7 (127,2)
	0,568

	Day-3
	320,6 (165,8)
	180,4 (87,4)
	144,8 (87,7)
	0,022

	Day-7
	   544,5 (266,8)
	272,8 (97,7)
	167,4 (98,8)
	0,001

	Post-hoc anova test:
A-PRF +HA increase significantly compare with control on day-3(p=0,003) and on day-7 (p<0,001)                                                                                                                                                    A-PRF +HA increase significantly compare with A-PRF on day-3 (p = 0,014) and on day-7 (p=0,002)                                                                                                                                                              A-PRF increase not significantly compare with control on day -3   (p = 0,612) and on day -7 (p=0,186)        [image: ]pg/ mg protein




Figure 1. The Increasing ∆ VEGF based on intervention

 After interventions (Table 3) there was a decrease in IL-6 for the A-PRF+HA group on day-3 (106.4 pg/mg to 99.5 pg/mg) and day-7 (106.4 pg/mg to 88.7 pg/mg). In PRF group on day-3 (91.9 pg/mg to 72.8) and on day-7 (91.9 pg/mg to 42.8 pg/mg). In the PRF group IL-6 levels decrease on day-3 (91.9 pg/mg to 72.8 pg/mg) and on day-7 (91.9 pg/mg to 4 pg/mg). In the control group IL-6 levels increase on day-3 (125.3 pg/mg to 131.1 pg/mg) and on day-7 (125.3 pg/mg to 167.9 pg/mg). IL-6 in the A-PRF+HA group decreased significantly compared with A-PRF and controls on day-7 (p = 0.041). 	Comment by 12641: Decimals should be written with (.) not (,), please be consistent!



                           Table 3. Mean of IL-6 swab DFU base on intervention
	Intervention
	A-PRF+HA
median 
(min-max)
	A-PRF 
median (min-max)                      
	Control
median 
(min-max)
	p

	Day-0
	106.4 (83.1−407.6)
	91.9(38.6−151.6)
	125.3 (20.3−287.0)
	p=0.287                                

	 Day-3
	       99.5(76.3-102.2)
	72.8 (27.1−148.9)
	131.1   (5.3−337.5)
	p=0.141                          

	 Day-7 
	38.7 (24.3−117.9)
	48.8 (27.7-156.2)
	167.9 (27.7−156.2)
	p=0.041*                                 


 (min-maks). Kruskal Wallis test 
* significant decrease of IL-6 in A-PRF+AH compare with A-PRF and control on day-7
A-PRF+AH decrease significantly compare with A-PRF on day-7 (Mann Whitney test. p=0.023).                                     .                                                                                                                                                                                                 A-PRF+AH decrease significantly (Mann Whitney test) compare with control on day-3 (p=0.049) and day-7 (p=0.041) 

Figure 2. shows the ∆ IL-6 based on the interventions. In A-PRF+HA group, there is a decrease in ∆ 0−3 (6.9 pg/mg), ∆ 3-7(60.8 pg/mg) and ∆ 0−7 (67.7  pg/mg). In A-PRF group, there is decrease ∆ 0−3 (3.7 pg/mg), ∆ 3-7 (0.9 pg/mg) and ∆ 0−7 (7.8 pg/mg). In control group, there is decrease ∆ 0−3 (4.3 pg/mg) and increase ∆ 3-7 (32.3 pg/mg) and ∆ 0−7 (35.5 pg/mg),
In group A-PRF+HA, Kruskal Wallis test shows a decrease in ∆ IL-6 compared with the PRF and control group on day-3 (p=0.018), and on day-7 (p=0.015). 
[image: ]pg/mg protein

 
3.2 Clinical outcomes 
Table 4 showed that in A-PRF+HA group the granulation index increase  significantly compare with A-PRF and control on day-3 and  day-7 . 
Table 4 Mean of Granulation Index Base on  Intervantion
	Waktu
Intervensi
	A-PRF + AH
(n  = 10)
	A-PRF 
(n  = 10)
	Control NaCl
(n  = 10)
	p

	Befere treatment
	42,1 ( 18,4−57,6)
	34,8 (14,1−58,9)
	35,9( 16,1−52,6)
	0,910

	Day-3
	62,3 (33,6−81,3)
	47,6 (20,5 − 73,0)
	51,3 (30,4−64,2)
	0,048

	Day-7
	78,9 (65,8−95,8) 
	64,6 (37,2−89,9)
	66,0 (43,6−96,4)
	0,012

	Day-14
	97,7 ( 89,4−99,6) 
	91,2 (46,0−98,9)
	78,7 (72,2−98,4)
	< 0,001


Mean (SB), anova test
Post hock anova test, A-PRF + AH vs A-PRF day-3 (p = 0,043 ), day-7 (p = 0,049) and day -14 (p = 0,041),
A-PRF + AH vs control day-3 (p = 0,034), day-7 (p = 0,002), and day-14 (p < 0,001).
A-PRF vs control day-3 (p = 0,940) day-7 (p = 0,650) and day -14 (p = 0,034) 
 
Post Hoc Anova test was shown in the figure 1.
[image: ]P< 0.001 b
p= 0.041 a
HA
 Day-3−0                Day-7−0                Day-14−0
p= 0.002 b
p= 0.049 a
p =0.043 a
p =0.034 b


a GI of A-PRF+AH compare with A-PRF group.
b GI  of  A-PRF+AH compare with control group

Figure 1. Granulation Index (GI) base on different intervention


4. DISCUSSION
The use of topical A-PRF+HA induced the formation of healthy granulation tissue and allowed successful granulation area of the wound. Improvement of granulation tissue ( day 0 – 7) because A-PRF works synergistically with HA in increasing significantly delta VEGF ( angiogenesis). There is increase of  VEGF  in A-PRF+HA group compare with PRF and control group. In addition, the combination A-PRF+HA reduce inflammation compare others group  which is marked by decreasing   significantly of  IL-6 	Comment by 12641: From the data IL-6 decrease more using only APRF?

 
4.1 Growth Factor Released from A-PRF.                    .                                                                                                                        Diabetes Type 2 is often associated with chronic hyperglycemia which can lead to dysregulation of DFU healing growth factors. Changes in growth factors contribute to tissue pathology, such as fibrosis disorders, persistent inflammation or a combination of both.13 In DFU healing, the growth of granulation tissue is influenced by the formation of new blood vessels (angiogenesis) which also functions to provide oxygen and nutritional support to new tissues. The angiogenesis process is stimulated by VEGF, bFGF, and TGF-β. The growth factor released from the platelet concentrate of non-diabetic patients is PDGF-AA followed by PDGF-BB. TGFB1. VEGF. and PDGF-AB. 14
In patients with DFU, in addition to a decrease in VEGF-A there is a decrease in the level of the VEGF-2 receptor (VEGFR-2) on the wound surface. For this reason, topical biological treatment is needed to increase the accretion of VEGFR-2 with the addition of topical growth factors, in this case A-PRF.15
Other study15 showed significant higher levels of VEGF-A and FGF-2 and lower sVEGF-R2 concentration in patients with T2DM compared to healthy subjects. There is a decreased level of VEGF-A and elevated levels of FGF-2 in patients with DM complicated DFU compared to diabetic patients without DFU.16 
In this study, VEGF detected from cotton swabs came from endogenous growth factors (production of keratinocytes and fibroblasts on the wound surface itself) and exogenous (from granula α in PRF). Alpha  granule in platelets trapped in fibrin will release growth factors. especially VEGF. In invitro study. some growth factors (PDGF, VEGF, TGF β) incubated in DMEM medium, were able to survive in 14 days of observation   with a peak on day-7. 17 The addition of  HA to PRF increase the release rate of VEGF because VEGF released from PRF will adhere to the HA surface and released slowly on the DFU surface. Attaching VEGF to DFU will stimulate endothelial cells to occur angiogenesis and stimulate the formation granulation tissue.18 Furthermore, In several studies, the A-PRF formulation with low speed and low time during the centrifugation process, will affect the release of growth factor in a significantly higher amount when compared to traditional PRF.	Comment by 12641: Platelet release VEGF, the VEGF detected in CFU increase due to the VEGF on PRF or from the body itself?
The addition of HA will induce the release of growth factors from PRF so that it can work more effectively.19  Otherwise fibrin of A-PRF+HA formation helps platelet binding, where VEGF is trapped 1.5 times in fibrin compared to complete blood (p <0.01). In fibrin binding, VEGF increased at day 0 and day 14, peak at day 7, PDGF-BB increased on day 14
4.2 Ha Induces Release of Growth Factors From PRF
In this study, the combination of PRF and HA released VEGF levels in greater numbers than the other groups on day-3 and day-7. The combination of PRF and HA is one of the therapeutic options for osteoarthritis and chronic tendinopathy. PRF can stimulate the healing process of various tissues by sending various growth factors and situations released by the alpha platelet granules. In this study, adding HA to PRF increased the effectiveness of growth factor release from concentrate platelets. 19,20 
HA has influenced the selective permeability of α granules of activated platelets, through transport of CD41 and delivery of bioactive molecules that will induce angiogenesis, and immunity. HA can also inhibit platelet aggregation which affects the release of growth factors
.20 
4.3 Combine A-PRF+HA Reduce Inflamation
To see the pathway of healing DFU through inflammation, an analysis of inflammatory biomarkers was carried out, namely IL-6. Adding HA in PRF also decrease an inflammation progress in DFU, showed by decrease of IL-6 level on day-3 and day-7. These findings that stimulatory effect of HA on growth factor decrease the inflammation progression in DFU. Expression of P selectin dramatically increased after PRF interacted with bio macromolecule complex film (HA collagen (I)/chitosan). 19  The effect of HA on CD44 will increase the TGF-β receptor which depends on MAP kinase which can facilitate the increase of TGF-β1 which is pro-inflammatory along with IL-6 and IL-8. 21
A-PRF+HA also affects increase polarization M1 to M2 as effect of anti-inflammation. The topical application of A-PRF+HA exerts a protective effect by decreasing the release of cytokines (IL-1β, IL-6, and TNF-α) during initial inflammation thus allowing the acceleration of the inflammatory phase previously prolonged inflammation due to hyper-lycaemia in DFU.21
Topical application of A-PRF+HA will bind to the ICAM-1 and VCAM-1 receptors where the binding will inhibit the prolonged response of leukocytes (lymphocytes and monocytes) so that chronic inflammation can be prevented.22 In  an in vitro study, showed a synergistic effect of HA and A-PRF. The combination of HA and PRP synergizes with cartilage regeneration in OA. A-PRF + HA will reduce proinflammatory cytokines and increase the proliferation of articular chondrocytes, as well as chondrogenic differentiation via the Erk1 / 2 pathway in HA and the Smad2 / 3 pathway in PRP. 24 
Another mechanism of AH as an anti-inflammatory is by reducing the interstitial permeability. This mechanism has been proven by Rooney study in cases of interstitial cystitis (IC) given AH which showed a decrease in urothelial permeability of the bladder wall due to decreased cytokines due to the glycosaminoglycan layer (GAG). The combination of A-PRF + HA will reduce cell permeability so that it can prevent edema in DFU and reduce inflammation locally in wounds25
The formation of granulation tissue in wound healing is strongly influenced by the formation of new blood vessels and the atmosphere of inflammation in the wound area
[bookmark: _GoBack]This is the propose mechanism of A-PRF +HA in increase Granulation in diabetic foot healing (Figure 2)
[image: ]
Figure 2. Propose mechanism of A-PRF +HA in increase Granulation in diabetic foot healing 
5. CONCLUSION
Combination of A-PRF+HA increase  angiogenesis (VEGF) and reduce inflammation ( IL-6) level on day-3 and day-7. A-PRF+HA increase granulation index through angiogenesis and anti-inflammatory pathway, thus combination of A-PRF and HA enhanced the healing effect on DFU.	Comment by 12641: From the data APRF have lowest IL-6 level.
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FIGURE 2. The Decreasing IL-6 between intervention
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