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ENGLISH ABSTRACT 
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Skin transplantation or grafting is the principle choice for treating the severe skin losing 
injury over hundred years. Pinch and punch grafting which is indicated for the treatment of 
granulating wound, low-grade infection wound and irregular surface wound. Fibrin glue which is the 
combination of fibrinogen and thrombin has been developed to use as an adhesive for skin graft 
surgery. In this research used bubaline fibrinogen had the highest fibrinogen concentration and 
qualification which was extracted by cryoprecipitation and cryocentrifugation. For bubaline fibrin 
glue application, a healthy swine was operated two times. The first operation, parallel square areas 
with full skin depth wounds were created at dorsal of loin area on each side for creating the 
granulation wound. The second operation was done five days later for pinch and punch skin 
grafting. The control group was done by routine pinch and punch grafting, but the bubaline fibrin 
glue was added to the experimental group with before a graft was placed. There was a significant 
statistical difference of graft remaining, which remained graft pieces in the bubaline fibrin glue group 
were more than that in the control group (p<0.05) even if, wounds have been contaminated by 
numerous bacteria. The histological grading for skin graft rejection indicated no (grade 0) or 
indeterminate (grade 1) for the rejection of both control and bubaline fibrin glue group. The 
angiogenesis, fibroblast proliferation, inflammation and scarring of skin graft in both groups found 
that there was a statistical significant difference of the number of new microvessels between two 
groups on 3rd post-operative day (p<0.05), which the number of new microvessels in the bubaline 
fibrin glue group was more than that in the control group and there was a statistical significant 
difference of intensity of the inflammation on 7th post-operative day (p<0.05), which the intensity 
of the inflammation in the bubaline fibrin glue group was lower than that in the control group. 
From the experiment, the bubaline fibrin glue achieves advantages in the full thickness pinch and 
punch skin grafting due to high concentration of fibrinogen that relate to graft survival because it 
may not only reduce hematoma and/or seroma, movement of the graft but also promote the 
angiogenesis.  
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CHAPTER I 
 

INTRODUCTION 

1.1 Important and Rationale 

In severe skin losing injury cases such as burn injury and large skin defect due 
to surgery or marked skin trauma, skin transplantation or grafting is the principle choice 
for treatment over 3000 years. The first use of the skin graft was reported in India in 
ancient Sanskrit texts around 2500-3000 BC. The gluteal skin transplant was used to 
treat the amputated nose (Mobley et al., 2002). Since then, the skin graft has been 
using. There are many types of skin graft which are developed for several trauma 
conditions, for example split thickness skin graft, split thickness mesh graft , full 
thickness mesh graft, full thickness unmeshed graft, strip graft, stamp graft, paw and 
pad graft, mucosal graft, and pinch and punch graft. These skin grafts are used for 
varied wound conditions (Tobias and Johnston, 2013). One of those is the pinch and 
punch graft which is a round small skin piece placed on the granulation wound bed 
with ordinal spacing between the graft pieces. The graft harvesting can be cut (pinch) 
or punched by a disposable keys dermal biopsy punch (punch graft). The pinch and 
punch grafting is indicated for the treatment of granulating wound, small wound on 
the limbs, low-grade infection wound and irregular surface wound.  

 
The causes of skin grafting failure vary, but the common causes are hematoma 

and/or seroma underneath the graft, movement of the graft, and the defect at wound 
bed. The hematoma and/or seroma disturb adhesion between the graft and the wound 
bed, and prevent nourishment of the graft. Movement of the graft plays one of the 
major causes of the graft failure due to the breaking of the delicate connective tissue 
between the graft and the wound bed. The defects of the wound bed are poor 
vascularity, and infection, especially the bacteria that stimulates inflammatory 
mechanism and release of the enzyme and/or inflammatory substances breaking the 
connective tissue between the graft and the wound bed (Teh, 1979). For an increasing 
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successful outcome of skin graft surgery, the fibrin glue has been produced and 
developed to use as one of the currently tissue adhesive for skin graft surgery. The 
fibrin glue is the natural biological substance that helps the normal coagulation 
mechanism and adhesion between the tissues. After the injury, fibrins and fibronectins, 
from the circulation, rapidly deposit in the wound. A few days later, incoming 
fibroblasts, macrophages and migrating keratinocytes deposit in the fibronectins (Clark, 
1993b).  The preparation methods of fibrinogen rich plasma and thrombin can be done 
using cryoprecipitation or chemical precipitation but Thorn et al described that the 
preparation by cryoprecipitation can preserve platelet derived growth factor and 
transforming growth factor beta which enhance wound healing (Thorn et al., 2004). 

 
 Sources of fibrinogen rich plasma were derived from human, bovine, equine, 
ovine, porcine or bubaline. In the case of bubaline, it is shown that bubaline fibrinogen 
has higher efficacy for sciatic nerve repair in rat than that of the bovine, equine and 
commercial human fibrinogen (Tisseel™, Baxter) (Viterbo et al., 1994). In addition to a 
Thomazini-Santos et al. study showed that bubaline fibrinogen from cryoprecipitate 
fibrinogen preparation had the highest fibrinogen level and efficacy compared with the 
bovine, equine, and ovine fibrinogen. Average levels of fibrinogen were 664 mg/dl in 
bubaline, 375.5 mg/dl in human, 267 mg/dl in ovine, 240 mg/dl in equine, and 218.33 
mg/dl in bovine (Thomazini-Santos et al., 1998). The adhesive strength could be 
increased by increasing the fibrinogen concentration level (Saltz et al., 1991; Sierra et 
al., 1992).  Nevertheless, there are a few studies on the bubaline fibrin glue for instant,  
in 1994 a study showed the efficacy of thrombin-like from snake venom combined  
with bubaline fibrinogen that were used in rat colonic anastomosis without suturing 
and another study in 2000 described using the thrombin-liked enzyme from 
snake venom merged with the cryoprecipitated bubaline fibrinogen in ovine cesarean 
operation (Chalhoub et al., 2000; Leite et al., 2000).  
 
1.2 Objectives of Study 

 The objectives of the study are to evaluate the efficiency of bubaline fibrin 
glue on pinch and punch skin grafting surgery in porcine. 
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1.3 Research Frame 

 This study was designed to apply the bubaline fibrin glue as a tissue adhesive 
to pinch and punch skin grafting in a porcine, which was prepared as the experimental 
model. The bubaline fibrin glue was extracted from the fresh bubaline blood by using 
cryoprecipitation and cryocentrifugation method. The bubaline fibrin glue was applied 
in the pinch and punch skin graft, then evaluated the remaining of survival graft pieces 
and histological data on the 3rd, 7th and 14th post-operative days. 

 
1.4 Advantage of Study 

The study was benefit directly to the support and activation of producing and 
using the bubaline fibrin glue in pinch and punch skin graft surgery in porcine but it 
may apply in the other species, for example canine and feline, which need continuing 
study in the future. Consequently, this study may promote the production of the 
buffalo for medical and veterinary profession other than milk and meat production; 
this would bring about more buffalo farming because the population of Thai buffaloes 
decreases 18% per year and only 1.3 million left in 2013 compared with 3.3 million in 
1996 as a result of the diminution of the rice fields, the replacement of buffalo by 
machineries, and the industry immigration to the rural areas, and much more 
(Uriyapongson, 2013).  
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CHAPTER II 
 

REVIEW OF LITERATURES 

2.1 Fibrin glue history 

The first evidence of the fibrin glue or fibrin sealant used as a hemostatic agent 
in military human was reported by Bergel in 1909 (Bergel, 1909). In 1940, bovine 
thrombin and fibrinogen were applied to cure the injured nerve in animal models 
(Young and Medawar, 1940). The preliminary report of using the fibrin glue in skin 
grafting by Cronkite et al. and Tidrick et al. was reported in 1944 (Cronkite et al., 1944; 
Tidrick and Warner, 1944).They combined human fibrinogen and rabbit thrombin to 
make as a sealing agent in skin grafting, after that the fibrin glue has been widely 
developed and used in human medicine. The early commercial fibrin glue was 
developed in combination between human fibrinogen and human thrombin, and has 
been used in Europe since 1972 (Spotnitz, 2010). From the beginning, the application 
of the fibrin glue needs hemostat, sealing agent, and drugs or other bioactive delivered 
agents (Mintz et al., 2001). Since 1944, the fibrin glue has been continuously developed 
and used for skin grafting to reduce skin grafting failure because the important 
characteristic of the fibrin glue is not only tissue adhesive but also hemostatic. 
However, the clinical application of the combination between human fibrinogen and 
bovine thrombin was reported in 1985 (Dresdale et al., 1985). Because of fibrin glue 
efficacy, the combination of fibrinogen and thrombin was used as a hemostatic agent 
over a century (Bergel, 1909). Since then, the fibrin glue has been used as the 
hemostatic agent in many procedures and conditions; for instance, vascular 
anastomosis, burn wound, anal fistula repair, endonasal operation, periodontal flap 
surgery, ocular surgery, hepatobiliary and pancreatic surgery, splenic rupture, and tears 
of many visceral organs (Martinowitz and Spotnitz, 1997; Vaiman et al., 2002; Gerber 
and Finn, 2005; Jathal et al., 2008; Branski et al., 2011; Park et al., 2011; Ardakani et al., 
2012; Simo et al., 2012).  
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However, the U.S. Food and Drug Administration (FDA) delayed the approval 

until 1998 due to the concern about the viral transmitted disease (Hile, 1978). The 
approved indications of the fibrinogen by FDA are haemostasis in specific surgery, the 
colonostomy sealing and attachment of the graft in the burned wound (Spotnitz and 
Burks, 2008). However, the characteristics of the fibrin glue that can be used without 
FDA approval are sealant, adhesive, tissue engineering, drug delivery, fistula closure 
(Chung et al., 2009), adhesion prevention (Ruggiero et al., 2008), anastomosis 
construction, endothelilization, seroma reduction, drain removal, meshes fixation 
(Fortelny et al., 2008), and stem cell implantation (Berruyer et al., 1993).  

 
2.2 Sources of fibrin glue 

The fibrin glue components are combination of concentrated fibrinogen and 
thrombin with calcium and factor XIII results in a coagulum, the final stage of 
coagulation products. The fibrinogen for clinical use can be collected from the patient 
(autologous), another animal of the same species (homologous), and animal with 
different species (heterologous). The autologous fibrinogen has the advantage of the 
decreased chance of transmitted disease, but it is not possible in patient with bleeding 
or hematologic disorders. The heterologous fibrinogen rich plasma can be used if the 
patient species has poor plasma fibrinogen concentration level, but cross-linked 
species transmission disease should be considered for example the bovine spongiform 
encephalopathy (Joch, 2003). 

 
Thrombin can be autologous, homologous and heterologous similar to the 

fibrinogen but there are risks associated with using bovine thrombin combined with 
human fibrinogen. The development of anti-bovine factor V during the first use may 
cross-react with patient factor V, and anaphylaxis to the bovine thrombin subsequently 
occur. The use of autologous thrombin could be safer and less side effects (Zehnder 
and Leung, 1990; Bänninger et al., 1993; Berruyer et al., 1993; Israels and Israels, 1994; 
Leroy-Matheron et al., 1999). 
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The fibrinogen from human and bovine thrombin is commercially available, for 
example, Tissucol™ (Baxter), Tisseel™ (Baxter), Evicel™ (Johnson and Johnson), 
Beriplast™ (ZLB Behring), Quixil™ (Johnson and Johnson), and Tachosil™ (Nycomed), 
which are pooled cryoprecipitate human fibrinogen and fibronectin combined with 
factor XIII prepared for mixing with bovine or human thrombin and calcium. Sources 
of fibrinogen rich plasma were derived from bovine, equine, ovine, porcine or bubaline. 
In the case of bubaline, it is shown that bubaline fibrinogen has higher efficacy for 
sciatic nerve repair in rat than that of the bovine, equine and commercial human 
fibrinogen (Tisseel™, Baxter) (Viterbo et al., 1994).  

 
In 1998, Thomazini-Santos et al. showed that bubaline fibrinogen from 

cryoprecipitate fibrinogen preparation had the highest fibrinogen level and efficacy 
compared with the bovine, equine, and ovine fibrinogen. Average levels of fibrinogen 
were 664 mg/dl in bubaline, 375.5 mg/dl in human, 267 mg/dl in ovine, 240 mg/dl in 
equine, and 218.33 mg/dl in bovine (Thomazini-Santos et al., 1998). However, there 
are a few studies on the bubaline fibrin glue. In 2000, Leite et al. showed the efficacy 
of thrombin-like from snake venom combined  with bubaline fibrinogen that were used 
in rat colonic anastomosis without suturing (Leite et al., 2000). In addition to Chalhoub 
et al. that used the thrombin-liked enzyme from snake venom merged with the 
cryoprecipitated bubaline fibrinogen in ovine cesarean operation (Chalhoub et al., 
2000).  

 
2.3 Fibrin glue pathophysiology 

After the injury, fibrin and fibronectin, from the circulation, rapidly deposit in 
the wound. A few days later, incoming fibroblast, macrophage and migrating 
keratinocyte deposit in the fibronectin.  

 
Fibroblasts produce type I collagen and other matrix molecules which deposit 

in the local surroundings, then fibroblasts hold fibrins and fibronectins in the matrix in 
the wound  after that, keratinocytes at the wound activate intergrin receptors for 
fibronectin and prepare the wound surface receptors for their migration across the 
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matrix. Fibronectins bind specifically to fibrins, which are covalently cross-linked to the 
fibrin alpha chain by activating factor XIIIa (Hsieh and Chen, 1983; Toda et al., 1987; 
Clark, 1990; Matsuka et al., 1997). The mechanism of fibrin glue mimics natural 
coagulation pathway to form a fibrin clot. The clot can be degraded by natural 
enzymes found in high concentration in the inflamed tissue (Figure 1) (Radosevich et 
al., 1997; Dunn and Goa, 1999).  

 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1. Factors of fibrin deposition and breakdown. Thrombin breaks down the 
fibrinogen to fibrin monomer. The fibrin monomer is driven by factor XIII and calcium 
to polymerization process.   Fibrin polymers form a stable structure that simplifies the 
growth of collagen-producing fibroblasts. The fibrin polymers can be broken down to 
fibrin degradation products (FDP) by plasmin, and plasmin can be inhibited by aprotinin 
(Currie et al., 2001).  
 

2.4 Engraftment process 

 The harvested skin is instantly deteriorated after being separated from the 
donor site. The regeneration is merely begun when the grafts obtain nutrient supply 
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from recipient bed. The regeneration rate must be dominated over the degeneration 
rate to survive the graft especially on seventh and eighth postoperative day. 

To understand the engraftment process. The harvest skin is instantly 
deteriorated after being separated from the donor site. The regeneration is merely 
begun when the grafts obtain nutrient supply from recipient bed. The regeneration 
rate must be dominated over the degeneration rate to survive the graft, especially on 
7th  and 8th  post-operative day (Davis and Traut, 1925; Pope, 1988). There are four 
phases of graft healing, including adherence phase, plasmatic imbibition phase, 
inosculation phase and vascular ingrowth phase (Figure 2) (Tobias and Johnston, 2013).  

 
Adherence phase is the phase that starts rapidly post grafting with fibrin 

strands linking between collagens and elastins. The fibrin polymerization strands are 
strongest in eight hours post grafting. Three days later, the fibroblasts, leukocytes and 
phagocytes infiltrated through the fibrin networks and change fibrinous network to 
fibrous adhesion. The changing process is complete on the 10th post operation day 
(Tavis et al., 1976; Swaim, 1980; Swaim, 1990; Grabb and Smith, 1991).  

 
Plasmatic imbibition phase is the phase of fluid accumulation. Immediately 

after the graft is harvested, the vessels constrict and dilate again after placement on 
the recipient bed. Serum, erythrocytes and neutrophils are accumulated between the 
graft and bed, and then absorbed into the graft vessel by capillary force as a result of 
nourishing and dilated vessel of the graft. Hemoglobins and its fragment products 
cause cyanotic presentation on the graft. Before active function of venous drainage 
and lymphatic system on the 8th day post grafting, the fluid is drained through the 
interstitial space slowly and brings about the edematous appearance on the 2nd -3rd 
day post grafting (Converse et al., 1957; Birch et al., 1969; Converse, 1977).  

 
Inosculation phase is an anastomosis phase. This phase is shown obliviously 

between the 2nd -3rd day post grafting. The capillaries from the recipient bed grow and 
connect the graft end vessels by the assistance of fibrin scaffolds. The flow rate of the 
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anastomosis vessels is normal on the 5th to 6th day post grafting (Birch et al., 1969; 
Converse et al., 1975; Pavletic, 2011).  

 
Vascular ingrowth phase is a revascularization phase. The vessels continue to 

grow from the platform to the dermis or preexisting graft vessels. Recently formed 
vessels are tortuous and unsystematic dilated. The appearances of the graft may be 
light reddish by day 3-4 post grafting, pink or reddish by day 7-8 post grafting, and 
returns normal pale pink color by day 14 if the graft survives (Tobias and Johnston, 
2013). Reinervation of full-thickness skin graft begin about day 21 post grafting. That is 
the reason to protect the graft area till day 30 post grafting (Kelton Jr, 1999). 
 
 
 
 

 

 

 

 

 
Figure 2. The picture represents the engraftment process by time including plasmatic 
imbibition phase (A): serum with nutrients accumulated between graft and bed, 
inosculation phase (B): the new capillaries between graft and bed pushed through 
fibrin networks and vascular ingrowth phase (C): the graft survived by disorganized 
capillaries which connected between graft and bed (Tobias and Johnston, 2013). 

 
2.5 Pinch and punch skin grafting 

Pinch and punch grafts are categorized into island grafts which are placed on a 
granulation tissue. The graft will be placed below the wound surface level to shield 
the graft from external force such as rubbing (Tobias and Johnston, 2013). The 
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indications for using this graft are granulating wounds, wounds at the limb, 
contaminated wounds, low grade infection wounds, and wounds with irregular surface. 

The reliability of pinch and punch grafts are high because of the encircle 
granulation tissue. Similar to the island graft, the pinch and punch graft has a poor 
cosmetic appearance and thin epithelial covering of new skin layer after healing. 
Moreover, it has a weak point of excessive bleeding of the graft bed causing the graft 
floating out of the recipient site and delayed graft revascularization. However, there 
are many patients in veterinary medicine that require the most successful grafting 
technique.(Tobias and Johnston, 2013)  

 
2.6 The common causes of graft failure 

The three major causes of graft failure are separation of the graft from the bed, 
graft movement and infection. All of these three causes are break the fibrin network 
between grafts and wound bed, resulting in revascularization and nourishment graft 
failure. The graft separation is due to fluid accumulation such as hematoma, seroma 
or exudation. The infection is injurious to graft survival, not only by exudates but also 
bacterial enzymes. Beta-hemolytic streptococci and Pseudomonas spp. are virulent 
bacteria because they generate plasmin and proteolytic enzymes that break fibrin 
polymers to fibrin degradation products (FDP). Moreover, Pseudomonas spp. produces 
elastase to degrade elastin that attaches to fibrins (Ünal et al., 2005; Pavletic, 2011).   
 
2.7 The advantages of fibrin glue in skin grafting 

Haemostasis  
 In 1984, Ihara and others applied the fibrin glue in burn patient for hemostasis 
and fixation of transplanted skin. The result found reduction in blood loss, and the 
blood transfusion volume both peri-operation and post-operation (Ihara et al., 1984).  
A multicenter study by McGill et al. (1997) on skin grafting in 95 burn patients found 
34 patients receiving fibrin glue had estimated blood loss/graft ratio of 0.5 +/- 0.3 
ml/cm2 compared with the 0.98 +/- 2.4 ml/cm2 of control patient (McGill et al., 1997). 
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Graft adherences and take 
 In 1983, Vibe and Pless used fibrin glue to adhere split thickness skin graft 
with a success rate of 88%. The success rate was decreased to 44% in the group 
without fibrin glue in the mobile muscle or nearly skin fold area (the area that is 
difficult to place the graft) (Vibe and Pless, 1983). Seven years later, Stuart et.al applied 
the fibrin glue to split thickness skin graft in 26 patient hands and the result found the 
success 99 % graft take (Stuart et al., 1990). Most of the education about burn was 
experimented on rats, which inflicted with deep partial thickness burns, which the 
experiment demonstrated progressive deterioration from partial thickness burn wound 
to deeper wound because of fibrinolysis within 3 days post injury (Fang et al., 1997). 
Fibrinolysis was activated at 2 hours, post injury and inhibited by 24 hours till day 10 
post injury (last experimental day). So the fibrin glue may have a prolonged effect on 
the burn wound as mentioned above (Fang et al., 1997). 

 
Antibacterial activity 

An experiment in the split thickness skin graft infected by Staphylococcus 
aureus more than 105   bacteria/gram tissue found that the fibrin glue group had the 
ability of restoring graft attaches to the normal levels (Jabs Jr et al., 1992). Another 
success report of Vedung and Hedlund in 1993 used fibrin glue with skin grafting on 
mildly infected burn wounds in the axillas, perineum, and the gluteal folds. The 
advantages outcome may be due to the enhancement of the phagocytic activity in 
fibrin and/or a saturation of the bacterial proteolytic enzymes by the exogenous fibrin. 
The growth of bacteria is sluggish in a clot of fibrin glue (Vedung and Hedlund, 1993). 

 
2.8 Animal model 

 The perfect skin grafting experimental animal species is porcine because it is 
commonly used as the wound healing study model in medical experiments because 
it has suitable properties such as the mimic physiological function or disease, 
availability, easy handling, long survival for functioning, fit with commonly used animal 
housing, and a suitable size for multiple sample. The porcine skin is hairless and has 
tight attachment between skin and subcutaneous similar to human. In addition, 
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cutaneous blood supply and wound healing characteristics are similar, though the 
porcine skin is thicker and less vascularity than the human skin (Sullivan et al., 2001). 
For all of these reasons, the porcine is the suitable model for plastic surgery and 
wound healing study.  
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CHAPTER III 
 

MATERIALS AND METHODS 

3.1 Bubaline fibrin glue preparation 

The preparation methods of fibrinogen rich plasma and thrombin have been 
continuously developed from the beginning and one of the most effective 
cryoprecipitation methods was described by Thorn et al (2004). In this research the 
procedure was modified from the original method of Thorn et al. (2004). Fresh bubaline 
blood in anticoagulant was centrifuged and the plasma supernatant was separated, 
cryoprecipitated and centrifuged at 0-1°C to concentrate plasma fibrinogen level. 
Thrombin and calcium were added to the fibrinogen rich plasma to form fibrin 
polymers on the wound bed. (Thorn et al., 2004). The 350 ml blood was drawn from 
a buffalo jugular vein, kept in 49 ml of anticoagulant citrate phosphate dextrose 
adenine solution (CPD) [of citric acid (hydrous) U.S.P. 160 mg, of sodium citrate 
(hydrous) U.S.P. 1.29 g, of monobasic sodium phosphate (hydrous) U.S.P. 109 mg and 
of dextrose (anhydrous) 1.42 g and of adenine 13.5 mg], and then centrifuged at 300 g 
for 20 minutes at 4°C to separate platelets rich plasma from the whole blood (Figure 
3) (Thorn et al., 2004). 

 
To prepare the thrombin, 20 g of platelet rich plasma (approximately 20 ml) 

was used and added with 180 ml of 2.84 mM citric acid. The mixture was 
cryocentrifuged at 3000 g for 5 minutes (4°C), then the supernatant was discarded and 
the precipitate was mixed with 1.14 ml of calcium chloride (CaCl2) [0.1mol/L]. The 
mixture was titrated to adjust pH to 7 by adding 0.7ml of 75 mM sodium bicarbonate 
(NaHCO3), then waited for the clot formation 20-30 minute before the liquid thrombin 
solution was removed from the clot. The thrombin solution was kept at -20°C to 
maintain the efficiency up to one month (Saxena et al., 2003).  
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To prepare the fibrinogen rich solution, 100 ml of platelet rich plasma was 
mixed with 6.4 ml of tranexamic acid (50 mg/ml) and 12 ml of 99% cold ethanol to 
give a final concentration of approximately 10%, then incubated in ice-water bath (0-
1°C) for 20-30 minutes for extracting the fibrinogen, then separated by 
cryocentrifugation at 3000 g (0-1°C) for 20 minutes; after that the supernatant was 
discarded.  The fibrinogen rich solution was added by of 0.9% sodium chloride (NaCl) 
4-5 ml to increase solution volume, finally the fibrinogen solution was thawed at 37 
°c, and then kept at -20°C. 

 
The bubaline fibrin glue was formed when mixing the fibrinogen and thrombin 

solution in 2:1 ratio (volume/volume). From the process, 350 ml of bubaline blood 
gave approximately 9.5 ml of bubaline fibrin glue (8 ml fibrinogen solution and 1.5 ml 
of thrombin solution) (Choi et al., 2006). According to a study (Saxena et al., 2003), a 
100 cm2 wound under the surface of skin graft or flap needs 10 ml of the mixed 
components. Finally, fibrinogen and thrombin solution was verified the sterilization by 
the results of bacterial culture and antibiotic sensitivity.  
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Figure 3. The bubaline fibrin glue extraction procedure by cryoprecipitation and 
cryocentrifugation which was modified from the method of Thorn et al. (2004). The 
bubaline blood was drawn from a buffalo and kept in the anticoagulant after that all 
of the steps of centrifugation and precipitation were done at low temperature to 
separate thrombin and fibrinogen from platelet rich plasma. 
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3.2 Bubaline fibrin glue application 

3.2.1 Animal 

A healthy female three-breed crossed finishing pig, weighing approximately 30-40 
kilograms was used in this experiment. The physical examination, complete blood 
count (CBC), and blood chemistry (SGPT, ALP, creatinine and blood urea nitrogen) were 
done before the experiment. Study protocol was reviewed and approved by 
Chulalongkorn University Animal Care and Use Committee (CU-ACUC) No. 1431082  

 
3.2.2 Anesthesia and surgical preparation 

The pig was withdrawn the food and water for 8 hours and 3 hours, 
respectively, before it was premedicated with xylazine HCl (0.5-1.5 mg/kg IM), morphine 
sulphate (0.5 mg/kg IM) combined with a mixture of tiletamine and zolazepam 
(Zoletil™, Virbac animal health Inc., France) (1-2 mg of tiletamine/kg IM) (Henrikson et 
al., 1994). Anesthesia was induced with propofol (3-6 mg/kg IV) and maintained with 
isoflurane 1-3% in oxygen after intubation. Either cephalic vein or marginal ear vein 
was used for the crystalloid fluid (10ml/kg/hr) administration during anesthesia. During 
recovery period, the pig was place on the soft floor and kept warm with warm air 
blowing machine. For preventing infection, the pig received enrofloxacin (Baytril™, 
Bayer health care, pharmaceuticals, Germany) 5 mg/kg (SC) preoperative by 7 days 
post-operatively. To relieve post-operative pain, morphine sulphate 0.5mg/kg was 
given give IM, twice a day for 7 days post operation and tramadol HCl 4 mg/kg IM, 
twice daily until the end of the experiment (Swindle, 2007). The pig’s hairs were 
clipped by hair clipper using a 40S (0.25mm) blade, then the skin was scrubbed alcohol 
for three times with 1% chlorhexidine solution, 10% povidone iodine and 70% 
isopropyl before surgery.  

 
3.2.3 Surgical procedures 

 The skin graft preparation, was consisted of two operation steps. The first 
operation was done for creating the granulation wound. According to a wound 
reepithelization rate study, in the pig wound model is 0.4 mm/day (Laplante et al., 
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2001). Two parallel 3 x 12 cm square areas with full skin depth wounds were created 
at the dorsal loin on both sides. The space between each wound was 3 cm. Entirely, 
there were four wounds on a pig (Figure 4). The second operation was skin grafting. 
 

 

 

Figure 4. Size and location of the control and the experimental wounds on the loin 
area of a pig. There were two of 3x12 cm2 wounds on each side of the spinal vertebrae. 
 

The wounds were dressed by a layer of soft, hydrophilic polyurethane foam 
bonded to a semipermeable polyurethane film (Allevyn gentle™, Smith & Nephew 
healthcare limited, United Kingdom) as a contact and an intermediate layer; covered 
with the polyethylene terephthalate, which was bonded with an absorbent layer 
consisting of a mixture of cotton and polyacrylonitrile fibers covered by a layer of an 
aperture non-woven cellulose fabric (Melolin™, Smith & Nephew Healthcare Limited, 
United Kingdom) as a secondary layer; then cover with a highly conformable non-
woven retention bandage coated with a hypoallergenic acrylic adhesive (Primafix™, 
Smith & Nephew Healthcare Limited, United Kingdom) finally, water-proofed with a 
water resistant, transparent, adhesive film (Opsite™, Smith & Nephew healthcare 
limited, United Kingdom), an outer protective layer (Figure 5). The wounds were 
examined on the 5th post-operative day and swabbed for bacterial culture and 

Head Spinal Vertebrae 

12 cm 3 cm 

3 cm 

3 cm 

 Control group 
 Experimental group 

http://www.dressings.org/Common/nourl.html
http://www.dressings.org/Common/nourl.html
http://www.dressings.org/Common/nourl.html
http://www.dressings.org/Common/nourl.html
http://www.dressings.org/Common/nourl.html
http://www.dressings.org/Common/nourl.html


 18 

antibiotic sensitivity. The pig’s health was re-evaluated by physical examination and 
blood analysis (complete blood counts and blood chemistry) afterwards. The wounds 
were left for the granulation tissue to naturally develop.  
 

 
 
 
 
 
 

 
Figure 5. Wound dressing on the pig. The wounds were covered by the polyethylene 
terephthalate, which was bonded with an absorbent layer consisting of a mixture of 
cotton and polyacrylonitrile fibers covered by a layer of an aperture non-woven 
cellulose fabric to protect the primary layer from damage (a); wounds were covered 
with a highly conformable non-woven retention bandage coated with a hypoallergenic 
acrylic adhesive (b); water-proofed by a water resistant, transparent, adhesive film.  
 

Five days later, the second operation was done for pinch and punch skin 
grafting. The pig was sedated and anesthetized according to the anesthesia protocol, 
then the dorsal neck area was prepared for the donor graft, after that the wounds 
were cleaned regarding to the aseptic protocol. Full thickness graft pieces were 
harvested by using a sterile 6 mm disposable dermal biopsy punch key. The graft 
pieces were taken without subcutaneous tissue (Figure 6). After graft pieces were 
harvested, the donor sites were sutured with the 2-0 nylon in the simple interrupted 
suture pattern. 
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Figure 6. 6 mm skin graft pieces which were punched by a sterile 6 mm disposable 
dermal biopsy punch key (a) and the donor site at the dorsal neck area after the skin 
grafts were taken away (b). 

 
The healthy granulation beds were cleaned by removing the debris, necrotic 

tissues and chronic or exuberant granulation tissues, and prepared for eight grafting 
units with 0.6 cm in diameter each (Figure 7). There were 8 grafting units per wound 
and a total of 32 grafting units (Figure 8). The left cranial and the right caudal grafts 
were the control groups not receiving the bubaline fibrin glue, and the right cranial 
and the left caudal graft the experimental group receiving the bubaline fibrin glue. To 
summarize, there were 16 pairs of grafting units, which were comparable between the 
control and the experimental groups. 
 

 

 

 

 

 

 

 

 

Figure 7. Eight 0.6 cm grafts and gap width between the grafts with 3mm of radius, 0.6 
cm of gap width, and 1 cm away from the wound edges. 
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Figure 8. The total of 36 grafting units were separated into 16 grafting units of the 
control group and 16 grafting units of the experimental group. The left cranial and the 
right caudal graft were the control groups, and the right cranial and the left caudal 
graft were the experimental group.  
 

The small round pits were made in the granulation tissue parallel to the 
wound’s margin by using a sterile 6 mm disposable dermal biopsy punch key. The pit 
depth is about 2-4 mm and the length between the pits is 6 mm, then a small sharp 
tip scissors was used for removing the core of the granulation plug (Figure 9). Direct 
digital pressure was used to stop hemorrhage and a sterile cotton tip applicator was 
placed in the pit for 4-5 minutes. The experimental group’s pits were instilled with 0.1-
0.2 ml of the bubaline fibrin glue before a graft piece was placed. The mixture was 
thawed immediately before used and instilled in a wound by using 21 G sterile needles. 
Firstly, 2 drops of bubaline fibrinogen, then a drop of thrombin, after that each piece 
of the graft was held in the pit by a forceps for 1-2 minutes (Figure10). 
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Figure 9. Eight 6 mm diameter of pits with 6 mm apart were prepared for eight skin 
grafts. 
 

 

 

 

 

 

 

Figure 10. The application of 0.1-0.2 ml of bubaline fibrin glue in the pits of the 
experimental group (a), then a skin graft was placed in the pit and held by a forceps 
for 1-2 minutes (b). 
 

The wounds were dressed by applying the amorphous hydrogel gel (Intrasite™ 

hydrogel wound Filler, Smith & Nephew Healthcare Limited, United Kingdom) on the 

graft; covered with the polyethylene terephthalate, which was bonded with an 

absorbent layer consisting of a mixture of cotton and polyacrylonitrile fibers covered 

by a layer of an aperture non-woven cellulose fabric; then adhered by a highly 

conformable non-woven retention bandage coated with a hypoallergenic acrylic 

adhesive; finally, protected by using a water resistant, transparent, adhesive film and 

conforming open mesh gauze as a tertiary layer. The pig was sedated on the 3rd, 7th 

and 14th days after the second-operation for wound dressing and evaluation. The pig 

http://www.dressings.org/Common/nourl.html


 22 

was fed with pig diet (CP-953, CPF public company limited, Thailand) and tap water ad 

libitum during the experimental period. 

 
3.3 Variable evaluation 

There were two variables to be evaluated in this experiment. The first variable 
was the remaining of the survival graft pieces in the control group (without bubaline 
fibrin glue) and the experimental group (with bubaline fibrin glue). The second variable 
was the histological finding of the skin grafting that were investigated in pair at the 3rd, 
7th and 14th post-operative day by using a sterile 6 mm disposable dermal biopsy key 
to punch on the right half side of a pair of the graft piece, which chosen randomly. 
The samples were fixed in 10 % neutral buffered formalin, then routine histopathology 
was performed (Figure 11a) and Masson’s trichrome was stained for collagen fibers 
(Figure 11b). Finally the samples were examined using a light microscope at 40x 
magnification. 
 

 

 

 

 

 

 

Figure 11. Hematoxylin and eosin (H&E) staining for routine histopathology observation 
(a) and Masson’s trichrome staining for highlight collagen fibers (b) (4x magnification). 
 

The histological observation was designed to grade skin graft rejection and 
healing. Skin graft rejection grading followed Bejarano et al. (2004) who established a 
grading system for rejection of full-thickness skin transplant (Table 1) (Bejarano et al., 
2004). 
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Table 1. Grading system for rejection of full-thickness skin transplant which was 
modified from the system of Bejarano et al. (2004) by using histopathology features 
including perivascular infiltration, epidermal transformation and stromal changing. 

Grade Criteria 
Grade 0 
(no rejection) 

Normal skin without perivascular infiltrates 

Grade I 
(indeterminate 
rejection) 

1-10% of vessels have infiltrated of small lymphocytes; no 
eosinophil, large lymphocytes, spongiosis, epidermal or stromal 
inflammation. 

Grade II 
(mild rejection) 
 

11-50% of vessels have been infiltrated of small lymphocytes; 
variable eosinophils or mild spongiosis and no epidermal or 
stromal infiltrates or large lymphocytes. 

Grade III 
(moderate 
rejection) 
 

More than 51% of vessels have been infiltrated of small 
lymphocytes; variable epidermal and stromal inflammation, at 
most mild spongiosis, possible endothelial plumping, 
eosinophils and large lymphocytes. 

Grade IV 
(severe 
rejection) 
 

More than 51% of vessels have been infiltrated of small 
lymphocytes, also dyskeratosis; The epidermis has heavier 
lymphocytic infiltrates and moderate to severe spongiosis; 
stroma shows infiltrates extending into the base of the 
epidermis; also endothelial plumping, eosinophils and large 
lymphocytes; separation of epidermis from dermis. 

 
Healing of the skin graft was interpreted by angiogenesis, 

fibroblastic proliferation, intensity of inflammation and intensity of scarring. The 

angiogenesis was interpreted by interconnected of capillary sprouts and formation of 

new microvessels which infiltrated at surrounding tissues adjacent to the junction 

between the graft and the bed area. It was quantified by averaging of  20 areas just 

below the necrotic area by using 40x magnification (Figure 12) (Vajkoczy et al., 1995). 
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Figure 12. Epidermis of the graft piece (the white arrow) with the necrotic area (red 
arrow) and the granulation area (yellow arrow) that was selected for the quantification 
of vessels, cells and fibers (4x magnification, H&E stain). 
 

The fibroblastic proliferation was quantified by counting a number of fibroblasts 

which infiltrated at surrounding tissues adjacent to the graft-bed area. It was quantified 

by averaging of  20 areas at 40x magnification in each group (Werner et al., 2007). The 

intensity of the inflammation was graded by counting predominant inflammatory cell 

types (Pinna et al., 2011). After that, the inflammation was graded as follows: Grade 0: 

no inflammatory cells, Grade I: one to 10 cells were observed, Grade II: 11 to 20 cells 

were observed, and Grade III: over 20 cells were observed. Finally, the intensity of 

scarring was analyzed by modification of Pinna’s criteria which was approximated by 

the color intensity and arrangement of the collagen infiltrated in the surrounding 

tissues adjacent to the graft-bed area, then assessed qualitatively by averaging of  12 

areas by using 40x magnification in each group (Pinna et al., 2011). The grading was 

described as Grade0: No collagen fibers, Grade I:small amount of collagen fibers was 

seen by coarse arrangement and pale blue stain, Grade II: short to medium continuous 

arrangement of collagen bands around the graft with blue stain, and Grade III: long 

collagen fibers around the graft with dark blue stain (Figure 13). 
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           Grade I (mild)                 Grade II (moderate)     Grade III (intense) 
Figure 13. Scarring grading using color intensity and arrangement of the collagen in the 
graft-bed area; Grade I (unsystematic arrangement with pale blue staining of the 
collagen networks) (a), Grade II (moderate connection of the collagen bundles with 
blue staining) (b), and Grade III (continuously and regularly arrangement of the collagen 
fibers with dark blue staining) (c) (40x magnification, Masson’s trichrome stain). 
 

For each variable on the 3rd, 7th and 14th post-operative day, the remained 
survival graft pieces and histological findings of both control and bubaline fibrin glue 
groups were calculated for a central tendency (mean), standard variation (SD) then, 
compared between the two groups by inferential statistically differences using 
Wilcoxon signed rank test (p < 0.05) by using SPSS for Windows program (version 13.0, 
IBM, USA).  
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CHAPTER IV 
 

RESULTS 

4.1 Bubaline fibrin glue and bacterial culture 

 The concentration of fibrinogen from fresh bubaline blood was 464 mg/dl. The 
concentration of the fibrinogen rich in the extract from the cryoprecipitate and 
centrifuged method was 1620 mg/dl. The bacterial culture of the extract found was 
no bacterial growth. While the result of bacterial culture from the wounds found 
numerous Klebsiella pneumoniae and Escherichia coli, which were resistant to 
enrofloxacin. 
 
4.2 The remaining of the survival graft pieces 

After the surgery, the remaining of skin graft pieces can be visualized only on 
the 3rd and 7th post-operative days (Figure 14, 15, 16 and 17) because at the 14th post-
operative day most of the skin graft pieces were covered by the abundant of 
granulation tissue (Figure 18). The patterns of the result of the remaining grafts were 
described as positive difference pair, the skin graft remained in the bubaline fibrin glue 
group disappeared from the control group, negative difference pair, the skin graft in 
the control group disappeared from the bubaline fibrin glue group and no difference, 
either the grafts remained or disappeared in both groups.  
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Figure 14. The remaining grafts on the 3rd post-operative day in comparison between 
the experimental group and the control group. There were six positive difference pairs 
(The skin graft remained in the bubaline fibrin glue group remained but disappeared 
from the control group) and no negative difference pair (The skin graft remained in the 
control group remained but disappeared from the bubaline fibrin glue group) 
 

 

 

 

 

 

 

 

 

 

 

Figure 15. The remaining grafts on the 3rd post-operative day were partially covered 
by debris and dry exudate. 
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Figure 16. The remaining grafts on the 7th post-operative day in comparison between 
the experimental group and the control group. There were five positive difference pairs 
(The skin graft remained in the bubaline fibrin glue group remained but disappeared 
from the control group) and no negative difference pair (The skin graft remained in the 
control group remained but disappeared from the bubaline fibrin glue group) 
 

 

 

 

 

 

 

 

 

 

 

Figure 17. The remaining grafts on the 7th post-operative day were almost covered 
with dry exudate at the caudal part (a). However, the survived grafts can be visualized 
in the enlarged picture of the bubaline fibrin glue group at the right cranial wound (b) 
and the left caudal wound (c). 
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Figure 18. The wounds on the 14th post-operative day. All of the skin grafts were 
covered by abundant granulation tissue (a); the enlarged picture of the left cranial 
wound of the experimental group showed trace of the wound that was not healed 
after sampling for histological examination (black arrow) (b). 
 

Graft loss and remain were in pair between the left and the right sides. The 
bubaline fibrin glue group had significantly more survived graft pieces than the control 
group on the 3rd post-operative day (p<0.05) and on the 7th post-operative day (p<0.05) 
by using the Wilcoxon signed rank test (Table 2).  

However, to collect the samples for the histological study on the 14th post-
operative day was done by calculated the distance between grafts and wound edges. 
The evidence was the histological section showed the epithelial layer of the graft 
adhered to the bed (Figure 19).  
 

Table 2. The results of remaining grafts in the bubaline fibrin glue group and the 
control group represented as remained graft and Wilcoxon Signed Rank Test. 

 Remained grafts Wilcoxon Signed Rank Test 
Pieces % Positive 

rank 
Negative 

rank 
Ties p-value 

 

Day  
3 

Fibrin glue 15 93.75  
6 

 
0 

 
10 

 
0.031 Control 9 56.25 

Day 
7 

Fibrin glue 10 62.5  
5 

 
0 

 
11 

 
0.025 Control 5 31.25 
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Figure 19. The histological tissues were biopsied on the 14th post-operative day from 
the control group (a) and the bubaline fibrin glue group (b). In both pictures, the 
epidermal layer of the graft was adhered to granulation tissue of the bed (4x 
magnification, H&E stain). 
 

4.3 Histology 

4.3.1 Skin graft rejection  

 
The histological grading for skin graft rejection followed Bejarano et al. (2004) 

critiria indicated no (grade 0) or indeterminate (grade I) rejection of both control and 
bubaline fibrin glue groups on the 3rd, 7th and 14th post-operative days, There were 
only 0-2% of vessels have been infiltrated with small lymphocytes and 2-14 
eosinophils per 40x magnification screen but spongiosis and basal vacuolar changing 
were not found (Figure 20 and 21). No statistically significant difference (p>0.05) by the 
Wilcoxon signed rank test was observed.  
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Figure 20. Histological finding on the 3rd post-operative day of the control group 
represents a vessel was infiltrated by a small lymphocyte (white arrow) and an 
eosinophil (green arrow) indicating indeterminate rejection (grade I)  (40x magnification, 
H&E stain). 
 

 

 

 

 

 

 

Figure 21. Histological fining of the 3rd post-operative day of the bubaline fibrin glue 
group represents a vessel was infiltrated by a small lymphocyte (white arrow) and an 
eosinophil (green arrow) was seen that indicated indeterminate rejection (grade I) (40x 
magnification, H&E stain). 
 

4.3.2 Skin graft healing 

The healing of skin graft in both groups was compared by angiogenesis, 

fibroblastic proliferation, intensity of inflammation and intensity of scarring. 
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4.3.2.1. The angiogenesis 

The angiogenesis was evaluated by counting the number of new microvessels in 20 

areas of H&E stain by using 40x magnification (Figure 22).  

 

 

 

 

 

 

 

Figure 22. Angiogenesis of the control group (a) and the bubaline fibrin glue group (b) 
on the 3rd post-operative day presented new microvessels (white arrow) with oval 
endothelial cells and old microvessels with spindle endothelial cells (black arrow) (40x 
magnification, H&E stain).  

It was found that there was a statistically significant difference of the number 

of new microvessels between the control and the bubaline fibrin glue groups on the 

3rd post-operative day (p<0.05) but there were no statistically significant differences of 

the number of new microvessels between the control and the bubaline fibrin glue 

group on the 7th and the 14th post-operative days (p>0.05) by using pair-t test. The 

average number of new microvessels was high in the bubaline fibrin glue group on the 

3rd post-operative day, then rapidly decreased to the comparable number of the 

control group on the 7th and the 14th post-operative days (Table 3) (Figure 23).  
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Table 3. The number of new microvessels were presented as mean, standard deviation 
(SD) and p-value (paired-t test). There was statistically significant difference between 
the control group and the bubaline fibrin glue group on the 3rd post-operative day 
(p<0.05)  
 3rd post-

operative day 
7th  post-

operative day 
14th  post-

operative day 

Histological criteria Control Fibrin 
glue 

Control Fibrin 
glue 

Control Fibrin 
glue 

The number of 
new microvessels 
(Pair-T test) 

Mean 0.40 1.75 0.35 0.55 0.55 0.65 
SD 0.598 1.517 0.587 0.759 0.826 0.745 

p-value 0.003 0.330 0.733 

 

 

 

 

 

 

 

 

 

 

 

Figure 23. The average number of new microvessels on the 3rd, 7th and 14th post-
operative days in comparison between the control and the bubaline fibrin glue groups. 
The average number of new microvessels on the 3rd post-operative day of the bubaline 
fibrin glue group was noticeably more than that of the control group, but rapidly 
decreased to the comparable levels of the control group at the 7th and 14th post-
operative days. 
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4.3.2.2. The number of fibroblasts 

The number of fibroblasts were counted in 20 areas of H&E stain just below 
the necrotic area using 40x magnification (Figure 24). 
 

 

 

 

 

 

 

Figure 24. Fibroblasts surrounded by extracellular matrix (white arrows) in the control 
group (a) and the bubaline fibrin glue group (b) on the 7th post-operative day (40x 
magnification, H&E stain).  

There were no statistically significant differences of the number of fibroblasts 
between the control and the bubaline fibrin glue groups on the 3rd, 7th and 14th post-
operative days using pair-t test. The average number of fibroblasts was steadily 
increased in both groups on the 3rd, 7th and 14th post-operative days but the increase 
in the bubaline fibrin glue group was slightly more than control group on the 3rd and 
7th post-operative days (Table 4) (Figure 25). 
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Table 4. The number of fibroblasts were presented as mean, standard deviation (SD) 
and p-value (paired-t test). There were no statistically significant differences between 
the control group and the bubaline fibrin glue group on the 3rd, 7th and 14th post-
operative days (p>0.05) 

 
 
 
 
 
 

 

 

 

 

 

 

Figure 25. The average number of fibroblasts on the 3rd, 7th and 14th post-operative 
days in comparison between the control and the bubaline fibrin glue groups. The 
average number of fibroblasts of the bubaline fibrin glue group was slightly more than 
that of the control group on the 3rd and 7th post-operative days, then was comparable 
to the level of the control group on the 14th post-operative day.  

 3rd post-
operative day 

7th  post-
operative day 

14th  post-
operative day 

Histological criteria Control Fibrin 
glue 

Control Fibrin 
glue 

Control Fibrin 
glue 

The number of 
fibroblasts 
(Pair-T test) 

Mean 12.30 17.40 16.85 26.70 32.50 29.55 
SD 10.398 14.489 16.468 19.709 19.343 15.264 
p-value 0.261 0.130 0.536 
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4.3.2.3. The intensity of the inflammation 

The intensity of the inflammation was evaluated and graded by counting the 
predominant inflammatory cells in 20 areas of H&E stain just below the necrotic area 
(40x magnification) (Figure 26). 
 

 

 

 

 

 

 

 

Figure 26. The predominant inflammatory cells including neutrophil (N), mast cell (M), 
lymphocyte (L), plasma cell (P), histiocyte (H), and eosinophil (E) on the 3rd (a) and the 
7th post-operative days (b) in the bubaline fibrin glue group (40x magnification, H&E 
stain). 
 

There was statistically significant difference of inflammatory grades between 

the control and the bubaline fibrin glue groups on the 7th post-operative day (p<0.05) 

but not on the 3rd and 14th   post-operative days (p>0.05), using the Wilcoxon Signed 

Rank Test. The intensity of the inflammation level increased on the 7th post-operative 

day in the control group in contrast to the bubaline fibrin glue group of which the 

intensity of the inflammation continuously decreased (Table 5) (Figure 27). Varied types 

of inflammatory cell types were presented in the figure 28. The number of neutrophils 

in the control group was more than that of the bubaline fibrin glue group on the 3rd 

and 7th post-operative days. While the higher levels of plasma cells and eosinophils 

were seen on the 14th post-operative day. 
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Table 5. The intensity of inflammation was presented as mean, negative rank, positive 
rank, ties and p-value (Wilcoxon Signed Ranks Test). There was statistically significant 
difference (p<0.05) between the control group and the bubaline fibrin glue group on 
the 7th post-operative day.  
 3rd post-

operative day 
7th  post-

operative day 
14th  post-

operative day 

Histology criteria Control Fibrin 
glue 

Control Fibrin 
glue 

Control Fibrin 
glue 

The intensity of 
inflammation 
(Wilcoxon Signed 
Ranks Test) 

Mean 1.40 1.95 2.00 1.45 1.60 1.30 
Negative 
ranka 

4 9 10 

Positive 
rankb 

12 3 4 

Tiesc 4 8 6 
p-value 0.052 0.029 0.186 

 

 

 

 

 

 

 

 

 

 
 
Figure 27. The intensity of the inflammation on the 3rd, 7th and 14th post-operative 
days in comparison between the control and the bubaline fibrin glue groups. The 
intensity of the inflammation of the bubaline fibrin glue group was dropped, opposition 
to the intensity of the inflammation of the control group, on the 3rd post-operative 
day, and continued decreasing until the 14th post-operative day. 
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Figure 28. The number of each type of the inflammatory cells types on the 3rd, 7th 
and 14th post-operative days in comparison between the control and the bubaline 
fibrin glue groups. The number of neutrophils of the control group was more than that 
of the bubaline fibrin glue group on the 3rd post-operative day and the number of 
plasma cells and eosinophils of the control group were more than those of the 
bubaline fibrin glue group on the 14th post-operative day. 
 
4.3.2.4. The intensity of scarring 

The intensity of scarring was evaluated by grading the color intensity and 
arrangement of collagen fibers in 12 areas stained by Masson’s trichrome just below 
the necrotic area using 40x magnification (Figure 29). 
 
 
 
 

 

 

 

 

Figure 29. The intensity of scaring of the control (a) and the bubaline fibrin glue groups 
(b) on the 7th post-operative day which were compared by color intensity and 
arrangement of collagen fibers (40x, Masson’s trichrome stain) 
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There were no statistically significant differences (p>0.05) of the number of 

inflammatory grades between the control and the bubaline fibrin glue groups on the 

3rd, 7th and 14th   post-operative days by using the Wilcoxon Signed Rank Test. However, 

the intensity of the scarring level continuously increased in the bubaline fibrin glue 

group but decreased in the control group on the 7th post-operative day (Table 6) 

(Figure 30). 

Table 6. The intensity of inflammation was presented as mean, negative rank, positive 
rank, ties, and p-value (Wilcoxon Signed Ranks Test). There were no statistically 
significant difference (p>0.05) between the control group and the bubaline fibrin glue 
group on the 3rd, 7th and 14th post-operative days. 

 
 
 
 
 
 
 
 
 
 

 3rd post-
operative day 

7th  post-
operative day 

14th  post-
operative day 

Histology criteria Control Fibrin 
glue 

Control Fibrin 
glue 

Control Fibrin 
glue 

The intensity of 
scarring 
(Wilcoxon Signed 
Ranks Test) 

Mean 1.67 1.25 1.50 1.67 2.08 2.00 
Negative 
ranka 

1 6 3 

Positive 
rankb 

2 2 4 

Tiesc 9 4 5 
p-value 0.564 0.157 0.705 
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Figure 30. The intensity of the scarring on the 3rd, 7th and 14th post-operative days in 
comparison between the control and the bubaline fibrin glue groups. The intensity of 
the scarring of the bubaline fibrin glue group was steadily increased, while the intensity 
of the control group slightly dropped on the 7th post-operative day. 
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CHAPTER IV 
 

CONCLUSION, DISCUSSION, COMMENT 

Conclusion 

In conclusion, from the past till now, fibrin glue is one of the best options for 
increase success of skin grafting surgery, especially in this study that represents the 
achievement of using bubaline fibrin glue in pinch and punch skin grafting in porcine.  
The bubaline fibrin glue which was extracted from bubaline blood by using 
cryocentrifugation and cryoprecipitation achieve in high concentration of fibrinogen 
that relate to graft survival and promote clinical outcomes of skin grafting. In this study, 
application of bubaline fibrin glue to pinch and punch skin graft may reduce hematoma 
and/or seroma, movement of graft and bacterial activity result in graft survived. Other 
than an increasing of graft survival chance, bubaline fibrin glue can promote the 
angiogenesis, which play the significant process of graft existence. On the other hand, 
bubaline fibrin glue may support neither an increasing of fibroblasts, collagen fibers 
nor reducing inflammatory intensity, but bubaline fibrin glue plays an advantage in 
supporting of skin graft healing, especially in the early phases of engraftment, which 
are consist of adhesion phase, plasmatic imbibition phase and inosculation phase. 
Despite, the bubaline fibrin glue may not distinctly represent the efficacy on skin graft 
healing, the remaining of skin grafts and the high quantity of neovascularization 
indicated that the bubaline fibrin glue gave the advantage survival opportunity to pinch 
and punch skin grafting. 

 
Discussion 

Naturally, fibrinogen from plasma accumulated on the wound surface or 
between grafts and beds in the healing process and become fibrin polymer or scaffold 
by activation of the thrombin. The fibrin polymers are important to the collagen 
producing fibroblast, adhesion of graft and bed during adherence, plasmatic imbibition 
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and inosculation phase and enhance phagocytosis of cellular immunity (Wood Jr, 1960; 
Saltz et al., 1989). Some of the multi donor human commercial fibrin glue for instant 
TISEEL™, (Baxter) contains 670-1060 mg/dl of fibrinogen, Evicel™ (Johnson and 
Johnson)  contains  550-850 mg/dl of fibrinogen and Quixil™ (Johnson and Johnson) 
contains  400-600 mg/dl of fibrinogen (Food and Administration; Furst et al., 2007). 
These concentration of fibrinogen less than the concentration of bubaline fibrinogen, 
which was extracted from bubaline blood by cryoprecipitation and cryocentrifuged 
method which concentration was 1620 mg/dl. More fibrinogen concentration can have 
more significant efficacy on fibrin glue because the quality and tensile strength of fibrin 
scaffold were rely on source and concentration of fibrinogen (Hom, 2009). Although, 
in a study demonstrated that the concentration of fibrinogen cannot indicate the 
successfulness of the skin grafting better than the thin and thick of skin graft, which 
was described in 2000 by O’Grady et al. who compared low concentrations of 
fibrinogen (300mg/dl) and high concentration of fibrinogen (600mg/dl) (O'Grady et al., 
2000).  Nevertheless, the graft survival rate of bubaline fibrin glue group in this study 
can be indicated that the high fibrinogen concentration of bubaline fibrin glue related 
to the survival of the skin graft. 

 
The bubaline fibrin glue may help graft surviving even the wounds were 

infected by two numerous bacterial species (Klebsiella pneumoniae and Escherichia 
coli) which were resisted to the antibiotic therapy (enrofloxacin). The infected graft 
which has more than 105 bacteria per gram of tissue was highly associated with graft 
failure, but fibrin glue may have the capability for increasing graft survival rate in 
Staphylococcus aureus infected situation in rats (Jabs Jr et al., 1992). In addition a study 
that represents the extravascular fibrinogen can stimulate macrophage chemokine 
secretion (MCP-1) from activated or differentiated human monocytes which may 
promote immunity at the infected area (Smiley et al., 2001). Not only the fibrin glue 
can protect the graft from infection by itself, but also the fibrin glue can deliver 
antibiotics to the site of infection which showed in several studies for example, in a 
study, sisomicin was consolidated to fibrin glue can promote the resistant of infected 
vascular grafts and in 2004 a study showed that fibrin glue as an amikacin carrier  
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prevented infection of polyurethane graft in subcutaneous (Yamamura et al., 1995; 
Nishimoto et al., 2004).  

 
 The accomplishment of graft remaining in bubaline fibrin glue applied group 
which was statistically significant difference from the control group on 3rd and 7th 
postoperative day (p<0.05) because it may benefit from its characteristics for instant, 
hemostasis, graft adhesion and antibacterial property (Currie et al., 2001). The fibrin 
glue can reduce hematoma and/or seroma because fibrin polymers help capturing 
platelets in the normal coagulation mechanism. The fibrin polymers connected 
between graft and bed reduce movement of graft that protect fragile connective 
tissues which are important structures for re-vascularization moreover, the fibrin glue 
can promote phagocytosis that against infection especially the bacteria which can 
release of the enzyme and/or inflammatory substances (Smiley et al., 2001). However, 
almost of the graft pieces were covered by overgranulation tissue on 14th post-
operative day may because the wounds were in healing phase, which the granulation 
tissue was continuously produced. The granulation tissue naturally develop on the 4th 
through 12thpost-operative day (Tobias and Johnston, 2013). Another possibility was 
the wounds were infected by a lot of bacteria that stimulate dermal granulation 
tissues producing because of the prolongation of inflammatory phase and proliferative 
phase of healing which were normally overlapping in time (Bailey et al., 1975; Clark, 
1993a) Moreover, a hypothesis of overgranulation tissue origination was because over 
saturated interstitial tissue (edema) from leaking of fast growing of immature capillaries 
and excessive exudate absorption of the old bandages that bring about large amount 
of non-absorbable fluid volume remained between interstitial spaces (Vandeputte and 
Hoekstra, 2006). 
 

From the result of graft rejection grading, it was found no (grade 0) or 
indeterminate (grade I) for rejection in both groups because the grafts were harvested 
from the same patient (autograft) that indicated slight graft rejection chance compared 
with the other graft types. However, the autograft can be rejected as a result of other 
factors for example; in 1973 Smith et al. reported autograft rejection in burn wound 
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which was infected by Streptococcus agalactiae  and in 1969, Cochrum et al. reported 
autograft rejection in kidney by passive transfer of immune plasma (Cochrum et al., 
1969; Smith et al., 1973). In this study, a minor observation with the inflammatory cells 
found that an increasing of the numbers of plasma cells and gradually decrease in the 
number of eosinophils in the control group on 14th post-operative day may predict the 
indeterminate delayed graft rejection. The graft rejection in human was described in 
three phases, early ischemic, specific intense immune and late ischemic (Figure 31.). 
The phase of specific intense immune occurs during 3rd to 9th post-operative day 
indicated by the presentation of eosinophils, lymphocytes, mononuclear cells and 
plasma cells after the white graft phenomenon, which was mild ischemic damage, 
nonspecific inflammation and collapse of capillaries (Zweifach et al., 2014). The 
delayed graft rejection was described in a study in 2015 that the less number of T-
lymphocytes caused delayed graft rejection (Vågesjö et al., 2014). The delayed graft 
rejection may be related to healing time that the healing process in porcine may 
increase to 4-6 weeks relate to wound size and tissue damage (Middelkoop et al., 
2004). 
 
 
 
 
 
 
 
 
 
 
 
Figure 31. The picture represents the graph rejection phases which presented by three 
phases; early ischemic phase, specific intense immune phase and late ischemic phase 
which occurred within 12th post-operative day (Zweifach et al., 2014). 
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The source of fibrinogen from different species (the bubaline fibrinogen applied 
to the porcine skin graft) was not obviously seen a pathological evidence or tissue 
antagonism. There were several accomplish studies of using fibrinogen from the 
different species, for example the study of using human fibrinogen in canine 
periodontal flap surgery, intratemporal anastomosis of the facial nerve in felines by 
using human fibrin glue and the study of using human fibrinogen in cervical nerve root 
repairing in ovine without tissue rejection (Bento and Miniti, 1989; Hems and Glasby, 
1992; Warrer and Karring, 1992). 

 
 From the study, the statistical significant difference of the high level of average 
new vessels of bubaline fibrin glue group compared with the control group on 3rd post-
operative day (p<0.05), which related to the significant survival of grafts because a 
great number of new vessels not only provided nutrients but also transported the 
immune cells to the healing area. The angiogenesis play as an important mechanism 
of inosculation and vascular ingrowth phase that indicates the survival of grafts. The 
vessel maturation start within 48 hours after a first neovessel occurred under control 
by cytokines and the process will be completed by day 7th – 8th post-operative day 
(Tobias and Johnston, 2013). The fibrin glue demonstrates a promotion in 
neovascularization which was reported by Christman et al. They injected a commercial 
fibrin glue into infarcted myocardium then they found the fibrin glue not only preserve 
myoblast but also promote incoming of arteriole (Christman et al., 2004). In additional 
to the fibrin fragment E which was degraded from fibrin represents the promotion of 
propagation, emigration and transformation of human dermal vascular endothelial cell 
(Bootle-Wilbraham et al., 2001). 
 
 The number of fibroblasts, average inflammatory cells and collagen intensity 
were approximately in the line with the natural wound healing and no statistical 
significant difference between the bubaline fibrin glue group and the control group 
(p>0.05) except the intensity of the inflammatory on 7th post-operative day. Stages of 
healing of skin graft were described with some similarity to general wound healing. 
Fibroblasts, leukocytes and phagocytes begin migration to fibrin scaffold during first 72 
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hours post-grafting then, inflammatory cells were continuing decrease conversely to 
fibroblasts which produce collagen fibers during the healing process were increased to 
strengthen graft and bed until the reunion of fibrous by 10th post-operative day (Tobias 
and Johnston, 2013). Collagen fibers and fibroblasts were steadily continue 
accumulated in granulation tissues then transformed to scars and restore 20% of 
strength in three weeks (Epstein et al., 1999). The number of fibroblasts was not 
significant difference but from the graph, the number of fibroblasts in bubaline fibrin 
glue group was slightly more than control group on 3rd and 7th post-operative day that 
may lead to grafts survival especially in adherence phase of engraftment process. The 
significant difference of the intensity of inflammation on 7th day post-operative may 
be due to prolong inflammation indicated by the number of neutrophils in the control 
group.  
 
Comment 

The limitation of the study was shown by abundant of granulation tissue on 
the 14th post-operative day. The indication of pinch and punch skin graft in the patient 
was non or delay epithelialization wounds, which the epithelialization phase cannot 
naturally complete because of complications or the wound was too large. The study 
was done on the healthy pig, which was during the normal healing time and the skin 
grafting was needless. Moreover, the contamination of numerous bacteria indicated 
that the sterilization was not good enough and may lead to the failure of the study.
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