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I. Introdu"tion 

A. Statement of the Problem 

Wound healing· is a. dynamic proc;ess involving a series of interrelated events. 

These events lead to repair of damaged tissue. If one or several components of this 

process are disrupted, a myriad o(complications could aiise. It has long been known that 

. . 
patients with Type I Diabetes Mellitus (DM) have a decreased ability for wound healing. 

These patients_ have increas'ed glucose levels, which appear to have a negative effect on 

the cascade of events involved with wound healing. Most notably, these patients appear 

to prod.uce less collagen, which could be related to a disruption in the release of growth 

factors. Growth factors are essential in laying down the framework for wound healing. 

An ideal situation would be to apply growth factors topically to the wounded site and 

allow for the process to proceed at a much faster rate. Perhaps such a treatment could 

decrease the healing time for these patients and increase the .strength of the newly formed 

tissue. 

B. Significance 

The proposed study will help answer questions regarding the efficacy of topical 

application of- Platelet-Rich Plasma (PRP) on palatal mucoperiosteal wound healing in 

Type .I DM rats. If it is determined that PRP increases the tensiie strength of wounded 

tissue as well as promoting an increase in hydroxyproline concentration, then a positive 

l 
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correlation between the use of PRP and increased healing response can be made. Such a 

fmding could potentially aid in the rate of healing in Type I diabetic patients. 

a. Purpose 

The purpose of this research is to determine the effect of PRP on palatal 

mucoperiosteal wound healing in Type I diabetic rats. This experiment will deterinine if 

PRP will alter collagen synthesis and tensile strength of the newly formed palatal tissue. 

An increase in tensile strength, hydroxyproline concentration, and proliferating 

fibroblasts in the newly formed palatal tissue will indicate that PRP has a ·positive effect 

on wound healing. · 

_ b .. Hypothesis 

' 
When PRP is placed into a palatal mucoperiosteal wound, the amount of collagen 

synthesized will be increased; which will lead to an increase in tissue tensile strength, 

modulus of elasticity, and proliferating cells. 

c. Specific Aims 

Specific aim #I: To test the hypothesis that PRP, when added to the site of an oral wound 

in normal rats,. will promote an increase in the ultimate tensile strength, modulus of 

elasticity, hydroxyproline concentration, and fibroblast proliferation relative to untreated 

wounds from normal controls. · 
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Specific aim #2: To test the hypothesis that PRP, when added to the site of an oral wound 

in diabetic rats, will promote an increase in the ultimate tensile strength, modulus of 

elasticity, hydroxyproline concentration, and fibroblast proliferation relative to untreated 

wounds from diabetic controls. 

C. Review of Literature 

a) Diabetes Mellitus 

Diabetes ).V!ellitus (DM) encompasses a heterogeneous group of disord~rs with 

common characteristics of altered glucose tolerance or impaired lipid and carbohydrate , 

metabolism. DM develops from either a deficiency· in insulin production and impairment 

in insulin action. Based upon these two conditions, DM can be divided into two main 

types: Type I and Type II (Atkinson et al., 1990). 

Type I DM is caused by destruction of the insulin producing beta cells of the 

pancreas (Smith, 1987). In theory, beta cells are destroyed when genetically predisposed 

individuals are subject~d to a triggering event that induces a destructive autoimmune 

response. Disease onset is often abrupt, and the condition may be unstable and difficult 
. ' 

to control (Rees and Otomo-Corgel, 1992). Type II·DM results from defects in the 

insulin molecule or from altered cell receptors for insulin; and represents impaired insulin 

function rather than deficiency (Atkinson et al., 1990). 
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The general signs and symptoms of DM are the direct result of hyperglycemia. 

Likewise, systemic complications of DM are associated with prolonged hyperglycemia. 

The "classic" complications of DM include retinopathy, nephropathy, neuropathy, 

microvascular disease, and prolonged wourid healing. (Rees and Otomo-Corgel, 1992). 

In a hyperglycemic environment, numerous proteins including collagen undergo a 

non-enzymatic glycosylation process to form advanced glycation endproducts (AGE). 

The formation of AGE's plays a central role in diabetic complications (Bromnlee, 1994). 

AGE's accumulate with chronic hyperglycemia. AGE formation alters tlie function of 

numerons extracellular matrix components, . ·and cell ' matrix interactions. These 

alterations have an adverse effect on target tissues, especially collagen stability and 

vascular integrity. AGE formation ort collagen results in increased collagen cross-linking 

between collagen molecules. This cross-linking of collagen significantly contributes to . . 

reduced solubility and decreases turnover rate. (Vlassara, 1991). Monocytes, 

macrophages, and endothelial cells possess high affinity receptors for AGE's (Brownlee, 

1994). AGE binding to macrophage and monocyte receptors may induce a 

hyperresponsive cellular state resulting in increased secretion of interleukin (lL)-1, 

insulin like growth factor, and tumor necrosis f!!Ctor (TNF)-alpha, while endothelial cell 

binding results in procoagulatory changes leading to focal thrombosis an~ 

vasoconstriction (Esposito et al., 1992). Monocytes from patients with diabetes produce 

significantly greater amounts of TNF-alpha, IL-l beta, and prostaglandin (PG)-E2 (Salvi 

c 
et al., 1997). AGE-mediated events are of primary importance in the pathogenesis of 

diabetic complications such as retinopathy, nephropathy, neuropathy, and atherosclerosis. 
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They may also be involved in tissue changes within the periodontium, rendering the 

diabetic patient with poor glycemic control and elevated AGE production susceptible to 

increased tissue destruction (Schmidt et al., 1996). 

Vascular changes are common in patients with diabetes (Brownlee et al., 1988). 

Basement membrane (BM) proteins become glycosylated in a hyperglycemic enviroment, 

with thickening and changes in the physical properties. (Brownlee et al., 1988). 

Capillaries of diabetic subjects have thickened BM (Cambell, 1971), as well as disruption 

of the collagen fibers within the BM, and swelling of the endothelium. these changes 

can impede oxygen .diffusion, metabolic waste elimination, polymorphonuclear (PMN) 

migration, and diffusion of serum factors including antibodies (Listgarten et al., 1974). 

PMN cells are important first line cells in fighting infections, and their function 

has been found to be reduced in diabetic patients. This impairment of function has been 

found in PMN chemotaxis (Mowat et al., 1971), adherence (Bagda!e et al., 1978), and 

phagocytosis (Bagdale et a/., 1972). PMN dysfunction could lead to impaired host 

resistance and infection (Iacono et al., 1985). 

Synthesis, maturation, and homeostasis of collagen appear to be affected by 

glucose levels. Studies of skin fibroblasts have shown that hyperglycemic conditions 

have reduced cell proliferation and growth (Weringer eta/., 1981), and reduced synthesis 

of both collagen (Lien et al., 1984), and g)ycosaminoglycan (Goldstein, 1984). Gingival 

fibroblasts from diabetic patients synthesize less collagen compared to non-diabetic 



6 

subjects (El-Kishky et al., 1986). In addition to finding decreased collagen production~ 

association with diabetes, investigators also have found increased collagenase activity in 

gingival tissue in animals (Ramamurthy et al., 1974). 

The.mechanisms responsible for compromised wound healing in individuals with 

DM are unknown. It is probable that the cumulative effects of altered cellular activities, 

which play a part in susceptibility to infections, also affect wound healing. In addition, 

decreased collagen synthesis by fibroblasts and increased collagenase production found 

in diabetic patients play a role in wound healing (Schneir et a/., 1984). 

Mitogenic activity of platelets from patients with DM is decreased; platelets from 

diabetic subjects induce significantly less proliferation of fibroblasts than do platelets 

from non-diabetic subjects (Caenazzo et al., 1991). An association between reduced 

mitogenic activity and decreased wound strength has not been determined, but may .. be 

related. 

b) Wound Healing · 

Repair of human soft tissue injury occurs in two ways: primary and secondary 

intention (Cotran et al., 1989). In healing by primary intention, restoration of tissue 

continuity occurs directly, without granulation. In healing by secondary intention, wound 

repair following tissue loss is accomplished by closure of the wound with granulation 

tissue. 
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,. 

All wounds heal using a combination of three me,chanisms. In each wound one of 

the three mechanisms predominates. The three mechanisms of wound healing are 

contraction, epithelialization, and connective tissue deposition. Contraction is the major 

method by which wound healing occurs afan amputation site such as the tip of a fmger. 

Epithelialization predominates in the hea!illg of abrasions and connective tissue 

deposition occurs when lacerations are sutured closed (Martin, 1997). Wound healing 

occurs in four stages: hemostasis, inflammation,- tissue proliferation, and tissue 

remodeling (Singer and Clark, 1999). In each of these stages, specific components play a 

part through several mediators. In hemostasis, platelets, en~othelial cells, fibrin and 

fibronectin act through growth factors and cytokines. Cytokines are non-antibody 
' 

proteins that are released from some cells and act as intracellular mediators. Cytokines 

include lymphokines and inter!eukins (Martin, 1997). Inflammation occurs through the 

action. of neutrophils, macrophages and lymphocytes mediated by growth factors and 

proteases. Proliferation takes place through· the actions of fibroblasts, epithelial and 

endothelial cells and' is largely dependent on growth factors and collagen deposition. 

Lastly remodeling is facilitated by collagen crosslinking and collagen degradation 

increasing scar strength as maturation of scar formation occurs (Bailey et a!., 1975). 

Coll:agen synthesis is important because it is the main component of connective tissue, 

whi6h has an integral role in wound repair. During the remodeling phase of wound 

repair, wounds gain strength and durability by the production of connective tissue. 

Corinective tissue provides strength, flexibility, and elasticity to wounded tissue 

(Harrison et a/., 1998). 
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Growth Factors in Wound Healing 

Concerning the underlying engines of wound healing, attention is being focused 

on inflammatory cytokines, and growth factors released by platelets. The mechanism of 

action of growth factors relies on the interaction of growth factors with the cell 

membrane (Pierce et al., 1991 ). Unlike steroids, which penetrate the cell, growth factors 

precipitate their action after attachment to the cell membrane. Growth factors are either 

autocrine (acting on the cell that produced them), juxtocrine (acting on an adjacent cell), 

paracrine (acting on the local enviromnent) or endocrine (acting on a distant cell). Very 

few effects in wound healing are due to growth factor activity in the endocrine category. 

In wound healing an ongoing balance between collagen synthesis and degradation takes 

place. Collagen synthesis occurs fast initially then is eventually broken down by 

collagenases as remodeling takes place. Although more collagen is present in a wound at 

one week than at one month, the later wound has greater tensile strength as remodeling of 

collagen occurs (Bailey et al., 1975). This ongoing series of events is facilitated by 

collagenases, gelatinases, stromelysins and membrane type metalloproteinases all of· 

which are designed to reshape the initial collagen deposition. 

In the healing of wounds, the release pf growth factors is of prime importance. 

The pol)1leptide growth factors serve as potent inducers of normal tissue repair. Growth 

factors are released by activated platelets, macrophages, fibroblasts, and endothelial cells. 

The chemotactic and proliferative effects of these cytokines cause the migration of 

neutrophils and macrophages, adding an antimicrobial component to the wound site. 
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Angiogenesis, fibroplasia, and collagen synthesis, caused by growth factors, lead to rapid 

re-epithelization and increased wound tensile strength. 

Growth factors regulate the molecular and cellular events involved in the 

formation of granulation tissue and in wound healing. Growth factors such as insulin-like 

growth factor (IGF), and fibroblast growth factors (FGF) epidermal growth factor (EGF), 

vascular endothelial growth factqr (VEGF), transforming growth factor (TGF), platelet

derived growth factor (PDGF) and connective tissue growth factor (CTGF) are thought to 

be involved in wound healing (Bennett et a/., 1993). Many growth factors affect the 

phases in wound healing differently. Growth factors induce the synthesis of themselves in 

positive autocrine "feedback loops, as well as,' the synthesis of other growth factors. Thus, 

a plethora of growth factors is likely to be present at the site of a wound, which assures 

efficient enhancement of the different phases of wound healing. The most important 

granulation modulating growth factors appear to be PDGF, and TGF-beta (Igarashi eta/., 

1993). 

Transforming Growth Factor beta 

Transforming growth factor (TGF) - beta stimulates the proliferation of 

connective tissue cells, but acts as a growth inhibitor of many other cell types, including 

epithelial and endothelial cells (Moses et al, 1990). It induces the synthesis of 

extracellular-matrix proteins, modulates the expression of matrix proteases and protease 

inhibitors, increases integrin expression and thus enhances cell adhesion (Roberts e t al., 
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1996). TGF-beta also affects mesenchymal differentiation and is a very potent 

chemotactic agent for several cell types, especially monocytes and fibroblasts (Roberts et 

a/, 1996). In addition to the three mammalian TGF~beta isomers (TGF-1, -2 and -3), the 

TGF superfamily comprises the activins, and bone morphogenetic proteins (BMP), as 

well ~ many other fuctors that are all thought to play major roles in differentiation and 

tissue morphogenesis (Kingsley, 1994). 

TGF alpha and beta are released by platelets, macrophages and neutrophils which 

are present in the initial phases of the repair process (Assoian et al., 1983). The growth 

stimulatory action of TGF appears to be mediated via an indirect mechanism involving 

autocrine growth factors such as PDGF-A and B, basic FGF or CTGF (lgarashi eta/., 

1993). 

Platelet Derived Growth Factor 

Tissue culture work has shown that a factor released from platelets upon-clotting 

was capable of promoting the growth of various types of cells (Kohler, et al., 1974). This 

fuctor was subsequently purified from platelets and given the name platelet-derived 

growth factor (PDGF). PDGF is produced by a number of cell types besides the platelets 

such as fibroblasts,· keratinocytes, skeletal myoblasts, va5cular smooth muscle cells, 

endothelial cells and macrophages. PDGF is a major mitogen for fibroblasts, smooth 

muscle cells, and other cells and act mainly on connective tissue cells (Heldin et al., 

1999). PDGF is a positively charged hydrophilic protein which exists in three forms. 
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Each form consists of a homo- or heterodimeric combinatio~ of two genetically distinct, 

but structurally related, polypeptide chains designated A and B. The subunits are linked 

by disulfide bonds (Heldin et al, 1999). Each chains of human PDGF is synthesized as a 

propeptide from which N-terminal prosequence is removed after synthesis. In human 

platelets, PDGF AB and.PDGF: M·isoforms· are the most common isoforms (Hart et al., 

1990). All possible isoforms, PDGF-M , PDGF-BB and PDGF-AB are biologically 

active . PDGF is one of several factors that stimulate the healing of soft tissues (Pierce et 

al., 1991). PDGF is a potent mitogen for connective tissue cells, and in addition, it 

stimulates chemotaxis of fibroblaSts, Smooth muscle cells (SMC), neutrophils, and 

macrophages (Heldin et a/.,1999). PDGF has the ability to activate macrophages to 
' 

produce and secrete other growth factors of importance for various aspects of the healing 

process. PDGF stimulates the production of fibronectin and hyaluronic acid by fibroblasts 

(Pierce et al., 1991). PDGF might be important in the later remodeling phase of wound 

healing, since it stimulates the production and secretion of collagenase in fibroblasts 

(Bauer et al., 1985). Fibroblasts and SMC of resting tissues contain low levels of PDGF 

· receptors. However, the PDGF receptor is up-regulated in conjunction with 

inflammation, for example, thereby making cells to response to PDGF (Reuterdahl et al., 

1993). In addition to expression of PDGF receptors on connective tissue cells after 

cutaneous injury, expression has also been noticed on epithelial cells (Antoniades et al., 

1991). 
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c) Connective Tissue 

Connective tissue comes in many different forms and configurations throughout 

the body. The major components of connective tissue are fibroblasts and extracellular 

products secreted by them. This extracellular secretion is composed of fibers and an. 

amorphous ground substance bathed in tissue fluid. The amorphous ground substance is 

transparent and homogeneous. The ground substance is composed of glycosaminoglycans 

(acid mucopolysaccharides), proteoglycans (glycosaminoglycans and protein bound 

together) and glycoproteins (protein bound with sugars) (Clark, 1996). 

The fibers which run through the ground substance are of three types: 

collagenous, reticular and elastic. Collagenous and reticular fibers are made from the 

collagen family of proteins. The .different types of collagen are labelled with Roman 

numerals. Currently, there are 20 different types, with types I, II , ill and N being the 

most common (Kadler et al., 1996). The types of collagen that make a collagenous or 

reticular fiber are what determines the particular type of fiber. Fibers give strength, 
. 

especially tensile strength to tissues, allowing those tis,sues to withstand considerably 

more strain than if the fibers were not present. The different fiber arrangements give rise 

to many different connective tissue structures, from the thin, sheet-like basal lamina on 

which many cells rest, to the large, strong fiber bundles which make up tendons (Kadler 

et al., 1996). 
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Elastic fibers serve a slightly different purpose in that they give resiliency to a 

tissue. They allow a tissue to be stretched and to return to its original shape. They are 

composed of proteins know as elastins, whose cross banding to one another allows for 

stretching without breaking. These fibers aie often found in conjunction with collagenous 

fibers, thereby giving a tissue tensile strength and some resiliency (Kadler et al., 1996). -

Collagens 

Collagens are the major macromolecules of most connective tissues and the most 

abundant proteins in the human body. Bone, skin, tendon, cartilage, ligaments and 

vascular walls are particularly rich in collagens, but they are found in essentially all 

tissues, and play a dominant role in maintaining the structural integrity of numerous 

tissue and organs. In addition,collagens are involved in a number of other important 

biological functions, such as cell attachment, chemotaxis, platelet aggregation and 

filtration through basement ·membranes. Collagens also ·play important roles in the 
; ' ' 

healing of wound and fractures. Excessive collagen formation, however, may lead to 

fibrosis in organs and tissues (Myllyharju et a!., 2001 ). 

Structure and biosynthesis of collagens 

The characteristic feature of a typical type I collagen molecule is its .Jong, stiff, 

triple-stranded helical structure, in which three collagen polypeptide chains, called alpha 

chains, are wound around one another in a ropelike superhelix. Each polypeptide forms a 

left-handed helix and this results in the formation of a right-handed superhelix. The 

amino-acid sequences of triple helical domains are characterized by the repetition of 
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triplets Gly-X-Y. Any other amino acid sequence would prevent the triple helical 

conformation. The triple helical conformation is stabilized by the presence of proline and 

hydroxyproline residues in the X and Y positions and by hydrogen bonds between the 

chains perpendicular to the helix axis (Kadler et al., 1996). To date at least 20 collagen 

types have been identified and over 30 different collagenous polypeptides, each being a 

distinct gene product (Myllyharjuet al., 2001). Traditionally collagens have been divided 

into two subgroups; fibril-forming and non-fibril-forming collagens, according to their 

structural features. 

Collagen biosynthesis involves an unusually large number of post-translational 

modifications, many of which are unique to collagens and a few other proteins with 

collagen-like amino acid sequences. This post-translational processing takes place in two 
~ 

stages. Intracellular modifications, together with the synthesis of the alpha chains, result 

in the formation of triple helical pro-collagen molecules, and extracellular processing 

converts these molecules into collagens and incorporates the collagen molecules into 

stable cross-linked fibrils (Prockop et al., 1995). 

After transcription of the pro-collagen genes and processing of the pre-mRNAs, 

the pro alpha chains are synthesized as larger precursors. In addition to the short N-

terminal signal peptide, they also have additional amino acids, called propeptides, at both 

their N-and C-terminal ends. For post-translational modifications in collagen biosynthesis 

several specific enzymes are required. Proline and lysine residues in the Y -position are 

hydroxylated to 4-hydroxyproline and hydroxylysine, respectively, and some of the 
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proline in the X-position are hydroxylated to 3-hydroxyproline (Eyre, 1980). 

Carbohydrate moieties can be attached to some hydroxylysine and lysine residues by 

specific transferases. Pro-collagens are secreted out of the cell, where they are converted 

to collagen by proteolytic cleavage of botli ilie N-and C-terminal propeptide extensions. 

After removal of the propeptides the collagen monomers spontaneously assemble into 

fibrils by an entropy-driven process. Once the fiber is formed, the associations are 

stabilized by intermolecular crosslinks that provide the fiber with tremendous tensile 

strength and insolubility (Kadler et al., 1996). Most· of the cross-links form between the 
. ' . ' . '. ' 

telopeptides at each end of collagen molecules. Collagen fibril formation is a complex 

process that is regulated by a number of different factors, including the collagen type 
' 

present, the sequence and extent of propeptide processing, interactions with other matrix 

pomponents such as proteoglycans, as well as a direct involvement of the cells (Birk, 

2001). 

Cell and Extracellular Matrix Interaction 

Extracellular matrix (ECM) provides the physical microenvironment in which 

cells live; it provides a substrate for cell anchorage, serves as a tissue scaffold and guides 

cell migration during wound repair. A tight balance between ECM synthesis and 

breakdown is required for the normal functioning of all tissues. The amount and 

composition ofECM are controlled by growth factors and the mechanical stress acting on 

a tissue (Eckes et al., 2000). In addition to growth factor signaling mechanisms inside the 

cell, signaling can also be regulated outside the cell by extracellular matrix proteins and 

proteolytic enzymes (Laiho et al., 1989). Many growth factors have been found to be 
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associated with the extracellular matrix proteins or with heparan sulfate. Rapid and 

localized changes in the activity of these factors can be induced by the release from 

matrix storage and/or by activation of latent forms. These growth factors, in turn, control 

cell proliferation, differentiation, and synthesis and remodeling of the extracellular matrix 

(Taipale et al., 1997). The communication between collagens and cells is achieved by cell 

surface receptors. Three types of cell surface receptors for collagen are known: integrins, 

discoidin domain receptors and glycoprotein VI (Vogel, 2001). All three receptor types 

independently trigger a variety of signaling pathways upon collagen-binding. Integrins 
I 

are abundant on smooth muscle cells, and there are collagen receptor on platelets and 

epithelial cells. Many cell types, including fibroblasts, chondrocytes, osteoblasts, 

endothelial cells, and lymphocytes may express the receptors . 

The integrins are connected to cellular signaling pathways. The, shape of the 

matrix and ultimately the shape of the cell, can modify signaling events (Heino, 2000). 

Cell movement, occurring during tissue repair, depends on integrin-mediated interactions 

(Mutsaers et al., I 997). Integrins physically link the ECM to the cytoskeleton, and hence 

are responsible for establishing a mechanical continuum by which forces are transmitted 

between the.outside and the inside of cells in both directions (Chiquet, 1999). Fibroblasts 

embedded in a restrained collagen lattice transmit mechanical forces by integrin 

receptors. This interaction results in the induction of growth factors including TGF and 

PDGF and in enhanced collagen production (Eckes et al., 2000). 
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d) Platelet-Rich Plasma 

Considerable .interest has recently emerged concerning the potential benefits of 

using Platelet-Rich Plasma (PRP) in wound healing. PRP is a highly concentrated form 

of platelets. Platelet activation results in coagulation and release of growth factors, such 

as TGF - beta, and PDGF, which are sequestered in alpha granules. Clinically, the 

resulting platelet gel has been shown to act as a biologic adhesive and barrier, functioning 

as a sealant (Whitman- et al., 1998). PRP has been shown to promote hard and soft 

tissue wound healing (Marx et al., 1998). PRP also induces rapid bone maturation up to 

2 times greater than that observed with an autograft alone. PRP also increases density in 
' 

cancellous marrow graft reconstructions of large mandibular continuity defects (Marx et 

al., 1998). PRP applied to wound sites increased the concentration of platelets by up to 

338% (Marx et al., 1998). PRP has also been shown to be an effective modality in the 

treatment of mandibular class n furcations (Lekovic et al., 2002) and intrabony defects 

(Camargo et al., 2002) by greater pocket reduction, gain in clinical attachment, and 

osseous defect fill. 



IT. Materials and Methods 

A. Introduction 

These experiments were done to determine the effect of PRP on palatal 

mucoperiosteal wound healing in normal and type I diabetic rats. Wound healing was 

evaluated by ultimate tensile strength, hydroxyproline concentrations, and fibroblasts 

proliferation by proliferating cellular nuclear antigen (PCNA) staining. 

·, ' 

B. Materials 

Sodium hydroxide (NaOH), citric acid, Chloramine-T (sodium N-chloro-p

toluene sulfonamide), aldehydeiperchloric acid solution, and calcium chloride (CaCl) 

were purchased from SIGMA (St. Louis, MO) and were of the highest quality. The 

Unopette® diluting system was purchased from tlie Becton Dixson Company (Franklin 

Lakes, NJ). 

C. Animal Population 

This research was approved by the Committee on Animal Use for Research and 

Education {Medical College of Georgia). Forty male Sprague Dawley rats were used as 

subjects for this study weighing between 21 Og and 312g. Sprague Dawley rats were used 

because it is a mammalian species used extensively for studies on wound healing. The 

rats were housed in a controlled atmosphere, temperature, and light cycle, and were fed 

18 
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ad libitum. The rats were randomly separated into two equal numbered groups; the 

control and experimental group. Both groups included healthy and experimentally 

induced Type I DM rats (Figure 1). 

D. Type I Diabetes Mellitus 

Type I DM was induced in the diabetic rat group by intravascular injection in the 

dorsal tail vein with Streptozotocin at a dose of 55 mg!kg Body Weight. Streptozotocin 
' ' ' 

destroys pancreatic beta cells, leading to an induced Type I diabetic condition. After five 

days, a small sample of blood was obtained from the tail by removing -2mm from the tip 

of the tail .with a surgical scalpel, and the blood glucose level was determined using a 
" . 

Gluconieter. This test determines the blood glucose levels. A Sprague Dawley rat is 

considered diabetic if its blood glucose level is >300mg/dl (Coopey et al, 2001). A 

Sprague Dawley rats normal blood glucose level ranges between 92-170 mg/dl. Blood 

glucose levels were determined on all rats. 

E. Surgical Procedure 

The rats were initially'anesthetized by intramuscular injection with 0.5-0.7mg!kg 

"Rat Anesthesia Cocktail" consisting of Ketamine (1 OOmg/ml), Xylarnine HCL 

(20mg/ml) and Acepromazine (10mg/ml), and titrated to effect. The rats were 

anesthetized for up to 3 hours. A linear incision was made across the width of the hard 

palate of each rat. Each incision was made at approximately the middle of the anterior-

posterior distance of the hard palate (Figure 2). The wound depth was limited by contact 

with the underlying bone. The palatal tissue was elevated on the anterior and posterior 
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ends of the incision allowing for an envelope pouch to be formed. At the time of 

wounding, the experimental group received 10 f.Ll of PRP by topical application and was 

placed in the ·eJ;~velope pouches, and the control group received 10 f.ll of saline by the 

same method described. The rats were placed on their backs which allowed the PRP and 

- . 
saline to stay within the envelope pouches, Wounds were allowed to heal for 5 and 7 

days before sacrificing the rats. Animals were only manipulated during initial wounding 

and wound harvesting. Each procedure took less than 1 0 minutes. The palatal tissue is 

supported by the bony palate, consequently, these wounds did not need sutures. All 

wounds were_ left undistUrbed to heal by primary intention. The rats were kept in a 

controlled environment, and fed a soft diet. The rats were monitored on a daily basis for 
' 

possible surgical complications such as swelling, post-op bleeding, and anesthesia 

overdose. 

F. Specimen Harvesting 

- . 
The rats were sacrificed via carbon dioxide asphyxiation, and the entire hard 

palatal mucosa was harvested. A number 11 blade was used to shape a rectangular 

biopsy of palatal tissue and was carefully elevated from the palatal mucosa using mini 

elevators (Figure 3). Extra care was used duruig this harvesting to avoid any tears or 

stresses on the harvested tissue (Figure 4). The tissue was placed immediately into PBS 

· solution to prevent the tissue from drying out. An "I" shaped template was placed over 

the harvested tissue to ensure each biopsy would be the same length and width (Figure 5). 

Under 2.5X magnification a number 11 blade was used to shape the biopsies (Figure 6). 

Portions of the tissue were tested for tensile strength, hydroxyproline concentration, and 
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histologically with proliferating cellular nuclear antigen (PCNA) staining to observe 

fibroblast proliferation. (Figure?). The three separate samples from each specimen were 

placed into individual test tubes. PBS was added to .test tubes containing "I" beam 
. ·. ' ; 

shaped biopsies ruid:portions· for P.CNA staining. Test tubes. containing portiqns to be 

tested for hydroxyproline content were placed in a freezer at -80° C. 



Figure 1: Schematic diagram illustrating the steps from creation of the palatal wound 
leading to the analysis of the tissue histologically with PC:t-JA staining, hydroxyproline 
concentration , and for its tensile strength. ' 
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Figure 2: Picture showing Sprague DaWley rats mouth opened with surgical hemostats, 
and creation of the palatal wound by making a linear incision across the width of the hard 
palate. 

'. 

. , 



Figure 2 



Figure 3: Picture showing entire palatal tissue harvested With ·a surgical forcep. 
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Figure 3 



Figure 4: Picture showing palatal tissue removed from the Sprague Dawley rat and being 
prepared for "f' shaped template. 

•. 
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Figure 4 



Figure 5: Picture showing "f' shaped template being placed on palatal tissue. 



26 

Figure 5 



Figure 6: Picture showing "!" shaped tissue after portions were removed for 
hydroxyproline analysis and PCNA staining. 
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Figure 6 



Figure 7: Diagrammatic representation of harvested palatal tissue. The dotted line 
represents the palatal wound healed. A. Sample used for analysis ofhydroxyproline 
concentration. B. Sample used for histological evaluation with PCNA staining. 
C. Remaining tissue used for testing ultimate tensile strength. 
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G .. Platelet-Rich Plasma 

The PRP was obtained using the protocol from Heartpumper, Inc. (Miami, FL). 

PRP was collected by removing -5mrn from the tip of the tail by using a sterile surgical 

scalpel at the time of surgery. A warm towel was draped around the tail · to allow for 

vasodilation of the tail veins and allow for free flow of blood. The tail was gently 

massaged to allow for free flow of blood, and 1 ml of blood was collected in a tube 

containing citrate phosphate dextrose, which achieves anticoagulation through calcium 

binding. The blood was then centrifuged at 1500 RPM and separated into several layers. 

The huffy coat contained concentrated platelets, and was removed with a positive 

displacement pipette. Samples of 250~-il were collected for each rat. Fifty 1-11 were placed 
' 

in a sterile test tube and was used for platelet counts using a Neubauer Hemocytometer. 

The remaining 2001-11 was divided into two test tubes. One portion was used for making 

thrombin and the other portion was used to make PRP. For the creation of thrombin, 

6.61-11 of calcium chloride (CaCl), in a solution of lg/lOrnl, was added to the lOOul of 

PRP in a 1:15 dilution. The solution was left undisturbed for 8 n:iinutes. The solution 

was then centrifuged at 10,000 RPM, and 25~-!l of the supernatant , consisting primarily of 

thrombin, · which was added to the remaining 1001-11 of PRP. in a 1 :4 dilution. The final 

product was the autologous gel form ofPRP. 

H. Platelet Counts 

Platelet counts were performed on one specimen from each group. The 50~-!1 

solution was placed in a Unopette7 diluting system by using a plastic pipette which was 

attached to a reservoir containing the diluent solution. Twenty 1-11 were collected by 
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capillary motion into 1.98ml of the diluent solution, which created a 1:100 dilution. The 

diluent solution contained ammonium oxalate, which causes mature red blood cells to 

hemolyze. The solution was shaken gently for 2 minutes and placed into a Neubauer 

Hemocytometer, and left to stand for 10 minutes. The Neubauer Hemocytometer is a 

counting chamber designed to count red blood cells, white blood cells, and platelets. It is 

constructed so that the distance between the bottom of the coverslip and the surface of the 

counting area of the the chamber is 0.1=. The surface of the chamber contains two 

square ruled areas separated by an H-shaped moat. These squares are identical and each 

has a total area of 9= squared. These squares are divided into nine primary squares, 

each with an area of 1= squared. The four corner squares are used for counting 

WBC's. The center squares are used for counting RBC's and platelets. The center 

square is divided into 25 squares, each with an area of 0.04= squared (Figure 8). The 

cells were counted using a phase contrast microscope at 430X magnification using all 25 

squar~s in the center of the hemocytometer. Platelets appear as dense, dark bodies and 

can be round, oval, or rod shaped, with a diameter of 2 to 4um. When the platelets were 

counted the total number was multiplied by 1000, which gives the total count of 

platelets/cu =· 



Figure 8: Neubauer Hemocytometer, which is designed for counting red and white blood 
cells, and platelets. Platelets are counted in the middle 25 squares, and then multiplied by 
1000. 
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I. Tensile Strength Testing 

Immediately after harvesting, each specimen was tested by tensile loading. Each 

specimen was cut as shown in Figure 1, and the "I" shaped segment was placed in a 

universal testing machine (model VlOOO, Vitrodyne Corporation, Los Angeles, CA), then 

stressed in tension at a rate of 0.1= per second and at a load of up to 500g until the 

specimen separated. Corrections were made to ensure that friction did not interfere with 

loading stresses for e.ach specimen. Friction values· were determined by test runs, and 
'· 

when friction was Jess than 1 Og, specimens were mounted for testing. Each specimen 

was placed carefully with tissue forceps and secured on a split stainless steel testing jig so 

that its ends were fixed on either side with cyanoacrylate, with the wound margin 
' 

approximately midway between the fixed ends (Figure 9). The cyanoacrylate was 

allowed 2 minutes to dry before the tissue was tested for tensile strength. Tensile stresses 

were then exerted at a rate of 0. 1mm/sec on the specimens until complete separation of 

the tissue was achieved (Figure 1 0). Stress values were recorded and graphed for further 

comparison and evaluation. 

J. Hydroxproline Assay 

Tissue samples were removed from the -80° C freezer and weighed. Tissue 

samples were then placed into test tubes containing 50J.tl of 4 N NaOH in a boiling water 

bath until completely hydrolyzed. Test tubes were allowed to cool for approxiametly five 

minutes, and then 50J.tl of HCI was added. One ml of Chloramine-T solution was added 

to each test tube and incubated at room temperature for 20 minutes. Chloramine-T 

solution was prepared biweekly and maintained at 4° C. Chlorarnine-T solution was 
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composedof 1.4lg Chloramine-T, 10m! n-propanol, 10m! water and 80ml buffer. The 

buffer solution was prepared to a pH of 6.0. Buffer solution contained 25g of citric acid 
' ' 

1 H20, 6ml glacial acetic acid, 60g sodium acetate 3 H20, 17g NaOH !\Ild 500ml of 

H20. Aldehyde/Perchloric acid solution was added to each test tube and incubated for . . . . . 

15 minutes at 65° C. Aldehyde/perchloric acid solution was prepared daily with 15g p-

dimethylaminobenzaldehyde, 62ml n-propanol and 26 ml 60% perchloric acid (added 

slowly under a fume hood). Immediately after incubation specimens were placed in a 

spectrophotometer and read at 550nm. Gross visual examination of specimens revealed 

colors ranging from dark red to yellow in color. The spectrophotometer processed 

quantitative values for the .different hues in each specimen. The values recorded were 
' 

used to compare the hydroxyproline concentration in each sample. 

K. Hydroxyproline Assay Standard Curve 

A standardized curve was performed for every assay, and used as a reference for 

comparison of ·values. The stock solution was compossed of 1 Omg of trans-

hydroxyproline in 1Om! of water. The test tubes were labeled with O!lg, 2!lg, 4!lg, 6~g, 

8!lg, and lO!lg, corresponding to amounts of hydroxproline stock solution added to each 

test tube. Nothing was placed in the test tube labeled 011g. Fifty ul of 4 N NaOH and 

50!!1 of 4 N HCL were placed in each tube and vortexed. One ml of Chloramine-T 

solution was mixed into each test tube and incubated for 20 minutes at room temperature. 

One ml of aldehyde/perchloric solution was added to each tube and incubated for 15 

minutes at 65°C. Samples were placed in the spectrophotometer and read at 550nm. 

Gross visual examination of specimens revealed colors ranging from dark"red to light 
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yellow. Quantitative values obtained from the spectrophotometer were recorded for 

comparison and analysis. 

L. Histological Observation: Proliferating Cellular Nuclear Antigen (PCNA) 

staining 

Cell proliferation is associated with the generation of proteins which are necessary 

components of the biochemistry of cell cycle activity. The identification of these proteins 
' 

by antigen-antibody labelling has provided the tool for identification of cells within the 

cell cycle. Proliferating cell nuclear antigen (PCNA) is a polymerase & auxiliary protein 

that is necessary for the elongation of primed DNA templates by DNA polymerase. 
' 

PCNA is expressed in the late G phase of the cell cycle with maxini.um levels being · 

found on the S phase. Formalin-fixed, paraffm embedded tissues were sectioned at 3 to 4 

).liD and mounted on glass slides. The tissue sections were deparaffinized in limonene 

and rehydrated in graded ethanol. · Endogenous peroxidase activity was quenched by 

immersing the tissue sections in 3% hydrogen peroxide for 15 minutes. The sections 

subsequently were rinsed in distilled water. To reduce background staining, the tissue 

sections were blocked for 5 minutes at 30° C with 1.5% normal horse serum in 0.3% 

Triton X-1 00 and PBS. The anti-PCNA antibody ·(primary antibody) was diluted to a 1:50 · 

ratio in PBS with 1.5% horse serum and 0.3 % Triton, placed on the tissues, and 

incubated at 30° C for 30 minutes. Subsequently, the primary antibody was blotted and 

the tissues were rinsed with PBS. The secondary biotinylated horse anti-mouse antibody 

was diluted to a I :200 ratio, applied to the tissue sections, and incubated at 30° C for 30 

minutes. Subsequently, the tissues were blotted and rinsed with PBS. Avidin-biotin 
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complex was applied to the tissues, incubated at 30° C for 30 minutes, and rinsed with 

PBS. Next, a diaminobenzidine (DAB) chromagen solution (20 ml of 3% hydrogen 

peroxide in 2.5 ml DAB at 1 mg/ml) was added to the tissue sections, which were 

incubated at room temperature for 6 minutes. Following a brief rinse in distilled water, 

the tissue sections were counterstained in hematoxylin for 45 seconds, rinsed in distilled 

water, dehydrated through a series of graded ethanol solutions to xylene, coverslipped, 

and examined by light microscopy. 



Figure 9: Picture showing "I" shaped tissue affixed at either end with cyanoacrylate to 
the Vitrodyne Tensiometer. 
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Figure 9 



Figure 10: Picture showing complete separation of"I" shaped tissue on the Vitrodyne 
Tensiometer. 
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Figure 10 
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Description of data to be collected 

Statistical data was taken from quantifiable differences in wound ultimate stress 

(force/area at which wounds separate under tension), modulus of elasticity, and 

hydroxyproline concentrations. Histological differences seen at the wound sites were 

determined with PCNA staining, indicating increased proliferation of cells. 

Statistical analysis of data 

The two way analysis of variance was used for analysis. The dependent variable was 

palatal mucoperiosteal wpund healing. The independent variables were the 

concentration of PRP placed on the wounds, and the severity of Type I DM. The 

Tukey test was used to determine where the significant differences were between the 

groups. The data collected 'was continuous and quantitative. The significance level was 

set at p<O.OS prior to testing. 



Legend 

5dH 5 Day Healthy Rat 

5dHP 5 Day Healthy Rat w/ PRP 

5d.DM 5 Day Diabetes Mellitus Rat 

5d.DMP 5 Day Diabetes Mellitus Rat w/ PRP 

7dH 7 Day Healthy Rat 

7dHP 7 Day Healthy Rat w/ PRP 

7d.DM 7 Day Diabetes Mellitus Rat 

7d.DMP 7 Day Diabetes Mellitus Rat w/ PRP 



ill. Results 

A. Platelet Counts in PRP 

One rat was randomly tested from each of the eight groups. The average platelet count 

for Sprague Dawley rats is 1,022,000/cu mm (Taconic, Inc.). The average platelet count 
0 

increases 338o/o in the huffy coat layer (Marx et al.,' 1998). In the 5 and 7 d,ay healthy rats 

the platelet counts were 910,000, and 855,000/cu mm respectively. In the 5 and 7 day 
' 

diabetes mellitus rats the p\atelet counts were 825,000, and 882,000/cu mm respectiv~ly. 

The 5dHP rats platelet counts increased to 1,980,000/ cu mm, and the 7dHP rats platelet 
., ' . . · 

count was 2,223;000/'cu mm. !he 5 and 7dDMP rats platelet counts·were 2,890,000/cu 
. 

mm, and 2,432,000/cu mm respectively (Table I). 

39 



Table 1: Platelet counts per cubic mm. 
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Table I 

Platelet Counts per cubic mm 

5Day 7Day 

Healthy (Whole Blood) 910,000 855,000 

Diabetes (Whole Blood) 825,000 882,000 

' 
HealthyPRP 1,980,000 2,223,000 

Diabetes PRP 2,890,000 2,432,000 

·' .. 
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B. Ultimate Tensile Strength (UTS) 

The UTS was calculated by dividing the maximum lciad in tension by the;cross-sectional 

area of the test sample. This was u~ed to. determine the true UTS of the tissue sample 

before it completely separated. There was a significant difference (p<O.Ol ).'in the UTS of 
. . . 

the sdli and SdDM rats. The mean UTS for the SdDM rats were almost half that of the 

SdH rats {Figure 11 ). When PRP was applied to the wounds there was a statistically 

significant increase in the UTS (p<O.OS) for the SdDMP rats compared to the SdDM. The 

UTS was almost equivalent to that of the SdH rats. The 7dH UTS was greater then the 

7dDM rats UTS, but it was not statistically significant (p>O.OS) (Figure 12). When PRP 

was applied to the diabetic rats palatal wounds there was a slight increase in the UTS, but 

the increase was not statistically significant (p>O.OS) (Figure 12). 



Figure 11: 5 day UTS. The(*) indicates a significant difference (p<O.Ol) between the 
· SdH and SdDM rats. When PRP was applied there was a significant increase (p<O.OS) in 
the UTS for the SdDMP compared to the SdDM rats. 
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Figure 11 
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Figure 12: 7 day UTS. There was no significant difference (p>0.05) between the groups 
at 7days. · 
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C. Modulus of Elasticity (ME) 

Young' s- ME measures the elasticity of a material. The ME represents the stiffness or 

rigidity of a material (Anusavice, 1996). The ME can be determined from a stress-strain 

curve by calculating the ratio of stress to strain, or the slope of the region of the curve. 

The formula used to calculate ME is as follows: ME=stress/straiiJ. (Craig, 1993). There 

was a statistically significant difference between the SdH and SdDM rats ME. (p<O.OS) 

(Figure 13). There was an increase in the ME for the SdDMP compared to the SdDM rats, 

but this was not statistically significant (p>O.OS). At 7 days there were no differences 

between the groups. (Figure 14). 



Figure 13: 5 day ME. The (*) indicates a significant difference (p<0.05) in the ME 
between the 5dH and SdDM rats. 
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Figure 13 
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Figure 14: 7 day ME. There was no significant difference (p>O.OS) between the groups. 

;.-. 

. .. _~ ...... 

__ .· 



12.00 

-«< 
~ 10.00 

>. 
~ 8.00 () 
:;; 
Ill 
«< 6.00 w 

..... 
0 
Ill 4.00 

.=! 
:I 

"C 2.00 0 
~ 

0.00 

Figure 14 

7 Day Modulus of Elasticity 

7 Days 

No PRP PRP 

0 Healthy 

Diabteic 

46 



47 

D. Hydroxyproline Concentration (HP) 

The HP concentration's were determined by spectrophotometry. -The absorbance was set 

at 550nm. The absorbance detected was related to the concentration of hydroxyproline 

present. A standard curve was used, which included known concentrations. A slope of 

the standard curve (y=rnx+b) was plotted to solve for the unknown absorbance. The HP 

concentration was statistically greater for the 5dH rats compared to the 7dH rats (p<0.05) 

(Figure 15). The HP concentration for the 5dH rats was greater then the 5dDM, but this 

was not statistically significant (p>O. 05) (Figure 15). There was an increase in the HP 

concentration for the 5dDMP rats which was almost equal to the 5dHP rats, but this was 

·not statistically significant (p>0.05) (Figure 16). There was no difference between the 7 

day groups with or without PRP (Figures 15 and 16). 



Figure 15: Hydroxyproline concentration for 5 and 7 day rats without PRP. 
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Figure 16: Hydroxyproline concentration for 5 and 7 day rats with PRP. 
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E. Proliferating Cellular Nuclear Antigen (PCNA) Staining 

PCNA staining detects cells which are mitotically active and thus represents cells which 

are proliferating. The PCNA staining in the SdDM rats showed that there was a decrease 

in proliferating cells, and the palatal wound did not completely heal (Figure 17). In the 

SdDMP rats there was an increase in staining, which indicated increased proliferation of 

cells (Figure 18). It can also be seen the wound has almost completely healed and is 

keratinized over (Figure 18). There were no differences seen at any of the rats in the 7 

day group. 



Figure 17: PCNA staining of a 5 day diabetic rat. There is a decreased staining of cells, 
indicating decreased proliferation of cells. 
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Figure 17 

Unhealed Wound 
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Figure 18: PCNA staining of a 7 day diabetic rat. There is increased staining of cells, 
indicating increased proliferation of cells. 
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Figure 18 

Healed Wound 
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IV. Discussion 

Autologous PRP bas been clinically applied to enhance wound healing in 

different organ systems (Anitua, 1999), and bas recently been used in guided bone 

regeneration procedures, and sinus augmentation procedures. More recently, PRP bas 

been used in guided tissue regenerative procedures for intraboriy defects (Camargo et al., 

2002), . and grade IT mandibular furcations (Lekovic et al., 2002), and shown to be 

effective in regenerating periodontal tissues. Studies have also shown that PRP can 

enhance the osseous wound healing of bone grafts ill both quality and quantity (Marx et 

al., 1999). Studies also support the concept that platelets possess growth factors that 

stimulate and enhance the wound healing process, which includes soft tissue (Wang et 

al., 1994). An added benefit ofPRP is its ability to form a biologic gel that may provide 

graft containment, clot stability, and function as an adhesive (Marx et al., 1999). 

·Although extensive research has looked at the benefits of PRP in regenerative 

procedures, few have looked at PRP's ability to regenerate soft tissue exclusively. In 

diabetes mellitus it is known that wound healing is substantially decreased, and this could 

lead to untoward complications. This is why we investigated PRP and it's ability ,to 

decrease the healing time for soft tissue. 
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The results of our study suggest that PRP has a positive effect on the UTS and 

ME on palatal mucoperiosteal wound healing at 5 days. We found significant differences 

in the UTS between the SdH and Sd.DM rats. The UTS of the Sd.DM was almost half that 

of the SdH rats. When PRP was applied to the palatal wound of the diabetic rats group, 

the UTS significantly increased (Figure 11), and was almost equal to that of the SdH rats. 

PRP did not seem to increase significantly the UTS of the SdH rats. When looking at the 

ME there was also increase, but it was not statistically significant. Hydroxproline 

concentrations for the Sd.DM rats showed an increase, but this was not significant. At 7 

days there was an increase in the UTS and ME, but there was not a statistically 

significant increase. It appeared that the wound had reached a plateau. PCNA staining 
' 

showed a decreased proliferation of cells in the palatal wound in Sd.DM rats (Figure 17). 

When PRP was added to the wound there was a dramatic increase in the number of 

proliferating cells in the wound (Figure 18). 

Hydroxyproline concentration has a positive correlation with collagen synthesis, 

and increases with higher levels of collagen turnover during wound repair. An increase in 

collagen synthesis occurs during wound proliferation, and is expected to decrease during 

wound remodeling. This is consistent with increase in HP levels in the 5 day rats in the 

present study. The HP was higher for the SdH rats compared to the SdDM rats (Figure 

15). Addition of PRP to palatal wounds in DM rats resulted in HP levels similar to that 

of healthy rats at 5 days (Figure 16). At 7 days there was a decrease in HP for all rat 

groups, suggesting that a shift in healing had occurred from a wound proliferation to 

remodeling. 
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Wounds in rats, as well as in humans, progressively increase in tensile strength 

and resilience over time (Kirsner, 1993). Therefore, an increase in UTS, and ME would 

be expected. When wounds are allowed to heal by primary intention it would be 

expected that parameters used to measure the progression of the healing would peak at a . 

certain time frame, ap.d that these parameters wound not exceed tissue that was not 

wounded. 

The rate at which rat palatal tissue is regenerated is unknown, but our pilot study 

showed that at 10 days there was complete healing of our wound. There were no 

differences in any of the parameters tested (UTS, ME, or HP). This did not matter if the 

rats were healthy or diabetic. We also found in our pilot study that there was no 

difference in the UTS for the control or experimental rats before 5 days. Therefore, we 

decided on 5 and 7 days to do our analysis. 

There were problems that· we encountered in our study which may have 

contributed to some inconsistencies in our results. First, there were difficulties in 

working with the Vitro.dyne Tensiometer. Inconsistent calibration could have contributed 

to variations in our results. The Vitrodyne Tensiometer is designed for placing stresses 

on hard tissues. Our tissue specimens gradually tear over time, as compared to hard 

tissue (eg. Dentin), which breaks suddenly. This could have been the reason we had 

differences in results for UTS data and the ME data. UTS measures the point at which 

there is a total failure in tissue, when:as the ME measures the amount of stress and strain 
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being placed on that tissue. If the Vitrodyne Tensiometer has any friction, or the tissue 

stretches to far this could give us a distorted ME. Second, in preparing the harvested 

tissue, if there were any notches in the "I" tissue, then the force applied to the tissue 

would not be totally focused on the palatal wound, but rather the inadvertent notch 

formed in the tissue specimen. This could have ruso contributed to discrepancies between 

the UTS data and the ME data. Finally, our inability to find significance between groups 

could be attributed to our sample size. The sample size of our s_tudy might have been too 

small. We had 5 rats per group. A larger sample size could have limited aberrations, and 

detected smaller differences between the groups. 

In summary, PRP appears to have a positive effect on palatal mucoperiosteal 

wound healing in type I diabetic rats up to 5 days. There does not appear to be any 

difference at 7 days. The UTS was greatly increased for 5dDM rats, and this was 

corroborated by an increased proliferation of cells, in particular fibroblasts, to the palatal 

wound. There was also an increase in the production of HP, indicating greater collagen 

production, but this was not statistically significant. 



V.Summary 
' . 

Platelet- rich plasma (PRP) is obtained by concentration gradient centrifugation, 

and is a highly rich source of platelets .. Platelets are important in the initial phases of 

wound healing, but they are also important in the production of growth factors. Growth 

factors are important in stimulating cellular proliferation and differentiation. PRP has 

been studied in its ability for hard tissue regeneration, but few studies have looked at 

PRP' s ability to regenerate soft tissue, and no studies have looked at PRP in soft tissue 

wound healing in diabetes mellitus. 

The purpose of this research was to determine the effect of PRP on palatal 

mucoperiosteal wound healing in Type I diabetic rats. This experiment will determine if 

PRP will increase collagen synthesis and lead to a greater tensile strength of the newly 

formed palatal tissue. An increase in tensile strength, hydroxyproline concentration, and 

proliferating fibroblasts in the newly formed palatal tissue will indicate that PRP has a 

positive effect on wound healing in type I diabetic rats. 

Forty Sprague Dawley rats were separated into two test groups; the control and 

experimental groups. The control group included healthy rats which either received PRP 

or no PRP. The experimental group was streptozotocin induced diabetic rats which either 

57 



58 

received PRP or no PRP. A palatal wound was created in _all groups by making a linear 

incision across the hard palate. The wounds were allowed to heal for 5 or 7 days before 

harvesting. The tissue was divided into three parts. One part was tested for Ultimate 

Tensile Strength (UTS) and Modulus of Elasticity (ME), another part was tested for 

Hydroxproline (HP) concentration, and the final part was stained for Proliferating 

Nuclear Cellular Antigen (PCNA). 

There was a significant increase in the UTS for diabetic rats at five days when 

PRP was placed in the palatal wound (p<O.Ol). There was not any difference at 7 days. 

The HP concentration was illcreased in the diabetic rats at 5 days with PRP, but it was not 

statistically significant (p>0.05). PCNA staining showed increased proliferation of cells 

in the palatal wound of diabetic rats at five days with PRP applied. 

Our data suggests that PRP has a positive effect on palatal mucoperiosteal wound 

healing in type I diabetic rats at 5 days. 
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