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I. INTRODUCTION

A. Statement of the Problem

Periodontal disease results in tlie loss of the attachpl~nt apparatus, which includes
-cementum, periodontalliga:ment (PDL), and alveolar bone.: One of the major goals of
periodontal therapy, therefore, is to regenerate the lost periodontal attachment by the
formation of a new periodontal ligament with fibers inserted in a newly formed
cementum -·and alveolar bone.
Regeneration is defined as a reproduction or reconstruction of a lost or injured part in
such a way that the architecture and function of the lost or injured tissues are completely
restored (American Academy of Periodontology, 1992). Various procedures have been
advocated for the purpose of regenerating the periodontium (Ellegaard et al. 1974,
Melcher 1976, Stahl1979, Nyman et al. 1982) including the placement ofbone grafts or
bone substitutes (Nabors & O'Leary 1965, Ross & Cohen 1968, Shallhom & Hiatt 1972,
Dragoo_& Sullivan 1973, Bowers et al. 1982), root surface conditioning (Register &
Burdick 1975, Stahl & Froum 1977, Cole et al. 1980, Marks & Mehta

1~86,

Wikesjo et

al. 1986, Polson et al. 1985), or the use of org8:nic or synthetic barrier membranes, guided
tissue r~generation, (GTR) (Gottlow et al. 1986, Caffesse et.al. 1990, Magnusson et al.
1988, Blumenthal & Steinberg 1990).
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The approach to GTR includes selectively guiding the progenitor cells originating in
the PDL into the affected area. This approach is based upon the hypothesis that only cells
harbored within the PDL have the ability to regenerate the tissues of the attachment
appar~tus

(Melcher 1976, Nyman et al. 1982, Nyman et al. 1982). Historically, studies

. have shown that although it is possible to modify the healing response in various ways,
these regenerative modalities have yielded less than optimal results with·true periodontal
regeneration a rather elusive end point.
More recently, biological principles have become the focus for regenerative
techniques (Boyne et al. 1997, Caffesse & Quinones 1993, Hammarstrom 1997, Lynch et
al. 1991). Rather than excluding certain cell populations with barrier devices or filling
bony defects with hard tissue, the biologic approach encourages a recruitment of certain
cell populations to reform tissue and regenerate all aspects of the attachment apparatus.
Enamel matrix proteins (EMP) were recently introduced as biologic mediators to
encourage periodontal regeneration based on research that these proteins, namely the
amelogenins, are active during embryogenesis of cementum, periodontal ligament, and
supporting bone (Hammarstrom 1997). With a biologic approach to periodontal
regeneration, it ,is believed that the enamel proteins can encourage a more predictable
outcome in periodontal regenerative therapy. There is little evidence to determine what
·effects these proteins have on the biocompatibility. ofPDL fibroblasts (PDLF). The key
role ofPDLF in periodontal regeneration was supported by the results of a number of
studies evaluating the regenerative capacity of each of the periodontal tissues involved in
periodontal wound healing (Melcher 1976, ·Nyman et al. 1982, Nyman et al. 1982, Polson
& Caton 1982, Caton et al. 1987).

3

This study was designed to determine the effects EMP have on PDLF viability and
proliferation rates in a dose and time dependent manner, in vitro. In addition, the PDLF
surface characteristics and attachment to diseased root surfaces were examined to observe
the physical properties of the ceUs following application of EMP.

B. Review of Related Literature

Periodontal therapy is directed at controlling inflammation as well as pocket
reduction and the correction of associated bony defects. Within the past few years,
therapeutic concepts have shifted from resection of the osseous defects to regeneration of
the supporting structures. Moderate to

~evere

periodontal defects are often not amenable

to osseous resection without further compromising the support of the involved and
adjacent teeth. When applicable, regeneration of the lost bone and periodontal
attachment improves the support of the tooth as well as the long-term prognosis.
Historically, bone replacement grafts have been used to achieve the goal for
correction of osseous defects. Bone replacement grafts have been. shown to produce
.

'

greater clinical bone defect fill than flap debridement alone (Dragoo . & Sullivan 1973,
Hiatt & Schallhom 1973, Froum et al. 1983, Bowers et al. 1989). Histological studies
have confirmed their ability to support new attachment in the apical portion of
periodontal defects (Nabors et al. 1972, Caton ·et al. 1980, Dragoo & Sullivan 1973).
Complete regeneration though, is not likely with these types of bone replacement grafts
\'

although a combination of regeneration or new attachment has been reported to occur
(Bowers et al. 1982). Human and animal studies have demonstrated that a dowrigrowth of
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epithelium close to the base of the original defect occurs when bone grafts alone are used
(Cator & Zander 1976, Listgarten & Rosenberg 1979).

Given the limited success in

bone grafting procedures and the insignificant amounts of regeneration obtained, other
directions for regeneration were explored.
The hypothesis for periodontal regeneration suggests that selected cell populations
residing within the periodontium ca:n produce new cementum, alveolar bone, and
periodontal ligatnent, provided that these populations are given the opportunity to occupy
the periodontal wound (Melcher 1976, Nyman et al. 1982). Guided tissue regeneration
(GTR) depends on the exclusion of the gingival tissues froin the root surface and bony
defect during the initial stages of healing. Barrier tnetnbranes are used to block the cells of
the gingival tissues and create an area under the tnetnbranes for regeneration to occur
(Nytnan et al. 1982). This approach allows cell proliferation in the area of the periodontal
ligament and around the alveolar bone. Undifferentiated cells are expected to tnigrate into
the defect and regenerate the desired tissues (Melcher 1976, Melcher et al. 1987, Nytnan·
et al. 1980). Success depends on a complex series of events involving the proliferation of
the targeted cell population in order for the process of regeneration on the cellular level to
occur (McCulloch .~ 993 ).
Attetnpts to increase the success of GTR by cmnbining metnbranes with various
grafting tnaterials gave superior clinical results over metnbranes or bone grafting alone,
but often the predictability was lacking (Anderegg et al. 1991, Wallace et al. 1994).
Histologic sections confirm that the tnost cotntnon divergence frmn the original apparatus
tnorphology with conventional regen·erative therapy is in the type of cetnerttutn and its
cohesion to the dentin surface. The hard tissue fanned at the root surface is often cellular

5

which separates easily from the dentin surface (Caffesse et al. 1991, Listgarten &
Rosenberg 1979, Nyman et al. 1982, Gottlow et al. 1984).
Th~ recognition that periodontal regeneration can be achieved, although without

predictability, has resulted in attempts, to understand the cellular and molecular
mechanisms as well as the factors regulating the formation of these tissues during
development and regeneration (Wikesjo & Selvig 1999). This enhanced knowledge has
resulted in increased efforts to develop improved 'regenerative therapies based on sound
biological principles. Several investigati,ons have been directed at determining the cells
responsible for regeneration of the periodontium. Although a few cells have the potential
for regeneration when appropriately induced, the PDLF has been suggested as having the
greatest ability to synthesize periodontal ligament, cementum and alveolar bone (Gould
1983, Gould et al. 1982, McCulloch 1993, Nohutcu et al. 1993, Somerman et al. 1988).
More recent data, however, suggests that other factors are involved in regeneration, and
the PDL may be responsible for other biologic functions.
GTR focuses mainly on the PDL while the more recent biologic approach is to·
examine what actually created the attachment apparatus and follow this sequence of
events in the regeneration of the injured tissues. Increased evidence that different cells
exist in the periodontium with the capability of regenerating the attachment apparatus has
fostered interest in developing methods to induce these cells to regenerate lost tissues. _
Much of this effort has been aimed at finding biologic modifiers which can promote the
regeneration process.
r-

One approach to understanding the mechanisms and factors involved in regenerating
periodontal structures is to examine the original development of these tissues. While the
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mechanisms, cells, and factors involved in regenerating periodontal tissues do not exactly
follow those associated with their original development, investigations focused at the
developmen~al

stage has provided important information about potential factors that niay

prove b~neficial during regeneration of periodontal tis~ues. These studies have led to the
isolation
of proteins from the eri·amel matrix of the developing
tooth buds (Brookes et al.
.
.
'

1995, Hammarsttom 1997). · The use of enamel matrix_ proteins (EMP) to promote
periodontal regeneration is based on }h,e knowledge that epithelial- mesenchymal
of the tissues:· responsible for attachment.
interactions ·an~ .required for the formation
.
.

'

Slavkin (1976) first proposed that enamel matrix proteins led to the stimulation of
cementoblast differentiation and which was confirmed by subsequent studies (Schonfeld
& Slavkin 1977, Lindskog 1982, Lindskog & Hammarstrom 1982). The proteins consist
mainly of amelogenins. Deposition of these proteins on the root surface appears to set a
series of events in motion leading to the generation of the periodontal attachment
apparatus. The rationale for using EMP in periodontal regeneration is to mimick the
physiologic processes that take place during the formation of the developing root and.
periodontal tissues. It has been shown that the cells

ofHe~ig's

epithelial root sheath

have a secretory phase during which enamel-related matrix proteins are secreted and
deposited onto the root surface (Hammarstrom 1997). It has also been reported that the
cells close to the root surface carry the message not only to form acellular cementum but
also to form an associated periodontal ligament and alveolar bone (Ten Cate et al. 1971,
Andreasen 1981).
Enamel matrix derivative (EMDOGAIN®, BIORA AB, Malmo, Sweden) was
introduced· into the market in early 1997 to encourage a more predictable periodontal
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regeneration. It is a protein aggregate of porcine tooth bud origin wh~ch is believed to be
active in the embryogenesis of cementum, periodontal ligament and alveolar bone.
Studies performed in vitro and in vivo using animal models and, more recently, human
subjects, have been encouraging and showed the ability to produce a new attachment
apparatus (Hammarstrom 1997, Gestrelius et al. 1997, Heijl 1997, Mellonig 1999,
Sculean et al. 1999, Vander Pauw et al. 2000). However, while studies are suggestive,
few have examined the in vitro effects ofEMP application on the viability and
proliferation ofHPDLF. Additionally, the attachment 6fHPDLF to diseased root
surfaces following EMP administration has not previous,ly been examined.
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C. Hypothesis

The hypotheses tested in this project are that exposure ofHPDLF to EMP will
enhance proliferation in a dose/time dependent manner and that EMP exerts no
deleterious effects on HPDLF cell viability. Also, it is hypothesized that HPDLF cell
attachment to diseased root surfaces will be ameliorated following application of EMP.
I

9

D. Specific Aims ·

The specific aims of this study were to determine:
1.

. The dose and time response of EMP that stimulate an effect on proliferation of
·,

human periodontal ligament fibroblasts as: compared to non-stimulated (control)
cells, in
2.

vitro~

If the. viability ofhuman periodontal ligament fibroblasts is negatively affected by
EM:P in varying doses and exposure times, in vitro:

3.

Ifhuman periodontal ligament fibroblast attachment characteristics to diseased
root surfaces will be enhanced following the application ofEMP compared to
·control, in vitro.

10

EXPERIMENTAL DESIGN
EFFECTS OF EMP· ON VIABILITY & PROLIFERATION OF HPDLF

Pooled
HPDLF
2
(40,000 cells/cm
per well)

24 well plate (allow to attach 24 hours)

• EMEM w/10% FBS

• PBS
• 25 f-lg/ml EMP

• 50 f-lg/ml EMP

• 7 5 f-lg/ml EMP
• 100 f-lg/ml EMP

Incubation period
(1,3,5,7,& 10 days)

T
VIABILITY ASSAY (MTS)

PROLIFERATION ASSAY (CyQuant)

II. MATERIALS AND METHODS

ISOLATION AND PREPARATION OF HUMAN PERIODONTAL LIGAMENT
FffiROBLASTS

After obtaining a human assUrance committee tissue exemption, the isolation and
preparation of the primary cell cultures ofhuman periodontal ligament fibroblasts
(HPDLF) were accomplished using previously published techniques (Mailhot et al.
1995). ·HPDLF were obtained from clinically healthy third molars or premolar teeth
.extracted for orthodontic reasons. The freshly extracted teeth were immediately placed in
a sterile test tube containing 20 ml of a Hanks Balanced Salt Solution supplemented with
penicillin G potassium (200 units/ml) and streptomycin sulfate (200 !lg/ml), -adjusted to a
_pH of7.4 with 7.5% sodium bicarbonate

(HBSS-~/S)

(Gibco BRL,

Gr~nd

Island, New

York). While working in a laminar· flow tissue culture hood, the teeth were rinsed three
times with HBSS-P/S, agitating at each change. The mid-root surfaces of the 'teeth were
scraped with a sterile scalpel, exercising special care not to encroach on the furcation and
apical areas. The explant scrapings were then rinsed off the· scalpel with HBSS-P/S and
placed into a 60 x15mm-culture dish (Falcon, Becton Dickinson Labware, Lincoln Park,
New Jersey) and allowed to dry slightly for 3-5. minutes to enhance attachment of the
cells to the culture dishes. After attachment to the cultury dishes, Eagle's Minimal
Essential Medium supplemented with 10% heat inactivated fetal bovine serum, penicillin
\
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G potassium (100 unitslml), and streptomycin sulfate (100 Jl1l:t;nl) (EMEM

wl 10% FBS

& PIS) (Gibco BRL, Grand Island, New York) were added. The culture dishes were
incubated at 37°C in humidified air with 5% C02 and 95% air for 7 days. The cells were
then refed with EMEM w/10% FBS & PIS every other day until cell outgrowth created a
confluent monolayer. Once confluency was reached, cells were then detached by trypsin
treatment and transferred into 25 cm2 tissue culture flask~ (Coming, Coming, New York).
The trypsin detachment procedure was accomplished by suctioning off existing media
followed by washing with sterile EDTA /PBS solution. One ml ofAlseviers Trypsin
(ATV) was then added:. When. cells detached, EMEM w/10% FBS & PIS was added to
culture dishes to neutralize the 0.25% ATV solution. The cells were then transferred to
the 25. cm2 flask~ and then incubated at 37°C in humidified air with 5% C02 and 95% air.
After completing the first trypsin det~qhlnent procedure, cells were defined as passage 1.
After 2-5 days of incubation, the EMEM wl10% FBS & PIS was

chang~d

every

other day and the cells were cultured until confluent Once cells reached confluency,
they were transferred to 75 cm2 flasks (Coming, Coming, New York). These cells were
defined as passage 2. Once cells reached confluency in the 75 cm2 flasks, they were
st~red at -70°C . To prepare for this storage, cells were detached with trypsin and

centrifuged into a pellet. Cells from all 7 5 cm2 ·flasks were pooled then resuspended in
EMEM wl 10% FBS & PIS with 10% dimethyl sulfoxide (DMSO) (vlv) solution. Cells
were transferred to 2.0-ml cryovials (Sarstedt, Newton, Connecticut) and gradually
frozen. to -70°C. These HPDLF cells were defined as being passage 3.
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PREPARATION OF EXPERIMENTAL EMP SOLUTION

EMP experimental solutions were prepared using the commercially available
periodontal regenerative product, EMDOGAIN® (BIORA AB, Malmo, Sweden). The
EMP's are delivered in a 30 mg freeze-dried pellet form. To create a viscous solution
required for the experiment, the pellet was mixed with 3 ml of a 7.5% acetic solution. To
obtain the proper concentration, 100 !J.l of this EMP solution was mixed with 9.9 ml of
EMEM wl 10% FBS & PIS to create a final10 ml EMP solution of 100 !J.glml with a pH
of 6.8-7.2. The experimental solutions (25 !J.glml, 50 !J.glml, 75 !J.glml, and 100 !J.glml)
used were obtained by diluting the 100 !J.glml EMP stock solution with the appropriate
amount ofEMEM wl 10% FBS & PIS. For example, 0.5 ml of the 25 !J.glml
experimental solution was prepared by mixing 125 !J.l of the stock 100 !J.glml EMP
solution with 375 !J.l of the EMEM wl 10% FBS & PIS. The 50 !J.glml and 75 !J.glml
EMP solutions were prepared using the appropriate percentage mixtures. The 100 !J.glml
experimental solution was used from the stock EMP solution without dilution.

VIABILITY ASSAY

Prior to experimentation, HPDLF cells were thawed, placed into 75 cm2 flasks and
fed with 10 ml ofEMEM wl 10% FBS & PIS. The flasks were incubated at 37° C with
5% C02 -95% air and refed every other day until confluent. Once confluent, cell counts
were determined as follows: first the EMEM wl 10% FBS & PIS was decanted and the
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. cells rinsed with~ ml EDTA-PBS. Next~ thecells were detached from the flask using 5
mfof0.25% Alseviers Trypsin (ATV) ~ith slight agitation. When the cells became
detached, the trypsin was neutralized with 10 ml ofEMEM wl 10% FBS & PIS. The cell
suspension was then collected and transferred to a 'centrifuge tube where it was
centrifuged for 10 minutes at 1000 r.p.m. and 25° C. The supernatant fluid was drawn
off and the cells resuspended in 10 ml ofEMEM wl 10% FBS &/PIS. The cells were
m8:nually agitated to help resuspend them. Next, 200 J..Ll samples of the resuspended cells
were collected for cell counting. The samples were added to 10 ml of isoton II diluent
(Beckman Coulter Inc., Miami, Florida) and counted using Coulter Model Z2 Series
Particle Count & Size Analyzer (Coulter Co., Hialeah, Florida). Each sample was run in
triplicate and an average of the 6' readings were used to determine the mean number of
cells per mi.
The experimental protocol employed pooled HPDLFs derived from 4 female and 2
male donors, with a ag~ range of 18-26 years, and no passage greater than 5. The cells
were P'lated in twelve 24 well plates containing 1 ml ofEMEM wl 10% FBS & PIS and
40,000 cellslcm2 • Plates were incubated at 37° C with 5% C02-95% air for a 24 hour
period to allow for attachment. Fallowing attachment, the media was removed and the
cells were washed three times with phosphate buffered saline (PBS). Treatment
consisted of various concentrations ofEMP (Experimental; 25 J..Lglml, 50 J..Lglml, 75
J..Lglml,. and 100 J..Lglml solution) or with EMEM wl 10% FBS & PIS (Positive control) or
with PBS (Negative control). Plates were prepared in duplicate (days 1, 3, and 10 at 8
wells per sample) or triplicate (days 5 and 7 at 12 wells per sample). One halfml of the
above experimental, positive, and negat~ye- controls were added per well. Plates were
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incubate4 at 37° C with 5% C02-95% air for varying time periods including days 1, 3, 5,
7, and 10. On the described time periods, the plates were removed and ~iability was
assayed as follows.
A non-radioactive assay (Cel1Titer96,
Promega, .Madison, Wisconsin) was used to
.
.

.

measure changes in HPDLF·cell numbers following various applications ofEMP·
(BIORA AB, Malmo, Sweden) over five time periods, including 1, 3, 5, _7, and 10 days.
l

This assay is based on the cellular conversion of a tetrazolium salt (MTT) into a blue
formazan product that can be read using a computer assisted Elisa microplate read.er. The
optical density at 490nm absorbance is directly proportional to the number of viable cells
in culture.
The assay was prepared for each plate as follows: 2.5 ml of MTS was combined with
125 J..tl ofPMS to obtain 2.625 ml of the reagent. At the end of the incubation period,
solutions were suctioned off and wells were rinsed three times with HBSS.. 100 J..tl
aliquots of the MTS/PMS and 500 J..tl EMEM w/ 10% FBS & P/S were added to each
well of the plates. The plates were incubated at 37° C with 5% C02-95% air for a two
hour period. After incubation, duplicate 100 J..tl samples were taken from each well and
placed into 96 well plates. The 96 well plates were then placed into an Elisa plate reader
and optical densities were obtained using Softmax computer software (Molecular Devices
Corp., Menlo Park, California). The mean optical density values of each w_ell for each·
experimental group were recorded.
This data was statistically analyzed using a one
.
. way
variance and utilized to determine the HPDLF cell viability. By employing this assay to
measure the response ofHPDLF cell viability, we were able to determine the
biocompatibility of the cells to EMP.
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PROLIFERATION ASSAY

Proliferation ofHPDLF was determined utilizing CyQUANT cell proliferation assay
kit (Molecular Probes Inc., ·Eugene, Oregon). ~he basis for the CyQUANT assay is the
use of a proprietary green fluorescent dye, CyQUANT ·aR dye, which exhibits strong
fluorescence enhancement when bound to cellular nucleic acids.
The proliferation assay was prepared as follows. Cryovials of frozen HPDLF cells
were thawed and pooled together in 60 ml ofEMEM w/ 10% FBS & PIS. The cells were
re~uspended

and the suspension was collected and transferred to a centrifuge tube where
-

.

.

it was prepared for counting as described utilizing the Coulter counter. Each sample was

!liD in triplicate and an average of the 6 readings were used to determine the mean
number of cells/mi. The cells were defined as being-passage 4. One ml ofEMEM w/
10% FBS & PIS and 40,000 ce_lls/cm2 were-plated into f!ve 24-well plates and incubated
·at 37°

C. with 5%-C02-95% air fora 24 hour-period to allow for cell attachment

Media

was removed after 24 hours and 500 ~1 concent~at~ons of the experimental group, 25, 50, ·
75, and iOO ~g/ml solution ofEMD, along with positive and negative controls, EMEM
w/ 10o/o FBS &

PIS: and phosphatebuffe~ solution(PBS),_ 'respectiyely, were added

accordingly to 24 well plates at 4 wells per sample. The plates were incubated at 37°C
in humidified air with 5% C02 and 95% air over varying timy periods of 1, 3, 5, 7, and 10
days. Plates were removed at the appropriate. time periods and_immediately placed into a
-70°C freezer. Following comple,tion ofthe described time period, all plates were_thawed
to room temperature. CyQuant reagent was added to each ·well according to
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manufacturers' directions. The supplied concentrated cell lysis buffer stock solution was
diluted 20-fold in distilled water. The CyQuant-GR stock solution was also diluted 400fold with the diluted. cell lysis buffer into a plastic container, which was wrapped with
aluminum foil to protect from light exposure. The CyQuant-GR solution was added (400
J.ll) to each well, and the fluorescence of the samples w:as measured at excitation 480 nm
and 520 nm emission maxima (FL 600 Microplate Fluorescence Reader, Bio-Tek Ind.,
Winooski, Vermont).

ATTACHMENT ANALYSIS

· Specimen chips of diseaseP, root surfaces were used to examine the adherence
properties ofHPDLF cells following the application ofEMP. Twenty extracted
periodontally involved human teeth were obtained from the Department of Periodontics
at the Medical College of Georgia. Before extraction, the gingival margin was ·scribed
for future identification of portions· of the ·teeth exposed to. the pocket environment.
.Extraction was performed atraumatically without disturbing this

~rea.

AU areas of the

a

root surfaces were root planed. w~th fifteen strokes of sharp 7/8 Gracey periodontal
curette (Hu-Friedy, Chicago, Illinois) to simulate periodontal treatment of the root
surface .. ·The teeth wererinsedand:stor~d in sterile saline ·at 0 to 5°C. Later, specimen
chips of approximately 5mm x 5mm were made of the diseased teeth to include the
scribed area between the gingival margin and bottom of the p~riodontal pocket. The
specimen chips were ~hen embedded into a well of paraffin wax (TissuePres2, Fisher
Scientific, Fairlawn, ·New Jersey), exposing the diseased root surface. Demineralization
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of the sections with a solution of24% ethylenediaminetetracetic acid (EDTA) (BIORA
· AB, Malmo, Sweden) ph 6. 7, was accomplished for 2 minutes followed by thorough
rinsing with sterile saline. Ten control sections received root planing only. EMP was
prepared following manufacturers instructions and placed upon the treated section of
dentin. One 30 mg freeze dried pellet of EMP was dissolved in 1 ml vehicle solution of
refrigerated propyleneglycol alginate to produce a viscous solution, in the form it would
be applied for clinical use. _Approximately one drop (0.15 ml) ofthe solution was applied
to the treated root sections followed by 1 ml ofEMEM w/ 10% FBS & PIS and 10,000
cells/ml to the wells. Samples were incubated at 37° C with 5% C02-95% air for a 24
hour period. Follo:wing incubation, the solution was removed from the wells and rittsed
three times with PBS. Specimen chips were carefully removed from the well of wax and
fixed in 2.5% glutaraldehyde for future SEM analysis.

SCANNING ELECTRON MICROSCOPIC EVALUTION OF ATTACHMENT

Scanning Electron Microscopy (SEM) was used to evaluat~ the results of the
adherence study following the protocol described. Specimen dentin sections were fixed
in 2.5% glutaraldehyde for two hours. The samples were then rinsed with PBS two
times. Dehydration was performe~ following solutions in sequence: 70% alcohol for 15
minutes, 80% alcohol for 15 minutes, 95% alcohol for. 15 minutes, 100% alcohol for 15
minutes, the l~st two steps were repeated with changing the solution each time. After
dehydration, critical point drying was performed for 30 minutes. Specimens were
mounted with an adhesive tab on a standard mount. Plating was p~~formed using gold-
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palladil:l,!n to sufficiently cover all areas. The specimens were photographed at 648x and
1300x magnification using a Scanning Electron Microsc.ope (Phillips. Electronics,
Eindhoven).
SEM images were used primarily in a subjective manner to examine the presence of
adherent cells and conip~re ~orjJhology and attacmhentofHPDLF treated with EMP
verses non-treated surfaces. This examination was necessary since light microscopy
was
.
.

not useful to examine cells on the root surface.

DATA ANALYSIS

To determine whether differences in mean viability or mean proliferation existed
between groups (positive control, negative control, 25 1-lg/ml, 50 1-lg/ml, 75 1-lg/ml, and
100 1-Lg/ml ofEMP) within time (days 1, 3, 5, 7, 10) factorial analysis of variance was
used. Plate, day and group were considered as fixed effects. For viability, the model
contained plates nested within days, the main effects for day and group, and the twofactor int~raction between day and .group. Tpe model for proliferation contained the main
effects for day and group and the two-factor interaction between day and group. Because
only one plate was used for each day in the proliferation· assay, 'plate nested within group
was not a factor in the model. If the two-factor interaction between day and time was
statistically significant, a Tukey multiple comparison procedure was used to determine
where differences between groups within time occurred. An alpha level of0.05 was used
· to determine statistical significance.

III. RESULTS

A. VIABILITY ANALYSIS

This experiment was designed to investigate the effects of exposing HPDLF to
varying concentrations of EMP over 5 pre-determined time periods. In order not to alter
the concentrations of EMP added to the experimental wells, all experiments were
performed without change of media. Thus

e~perimental

EMP solutions, as well as

positive and negative control solutions, were added initially and not changed throughout
the experiment..
The data derived from the viability analysis suggest that EMP tended to decrease cell
viability in a time as well as dose dependent manner. Concentrations of 25 and 50 f.!g/ml
EMP demonstrated similar results as the positive control for all time periods. However, a
trend toward decreased viability with increasing concentrations of EMP was apparent on
days 5, 7, and 10. A detrimental effecton the viability ofthe HPDLF was observed. with
the 75 and 100 f..lg/ml qn days 5 and 7 (Figure 3, Figure 4), which.proved to be
statistica1ly significant (p=0.0001).· The final day of the assay yielded the largest
reductionin viability of the cells with the 100 f.!g/ml solution ofEMP decreasing viability
by 36% (p=0.0001) (Figure, 5).

Figure 1.

Day 1 MTS cell viability assay. The EMP solutions did not reach
statistically significant differences compared to the positive control
solution (FBS). The negative control (PBS) proved to have a
significantly lower MTS conversion when compared to the other
groups. * Indicates statistically significant difference. Error bar
· represents the standard error.
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Figure 2.

Day 3 MTS cell viability assay. The EMP solutions did not reach
statistically significant ·differences compared to the positive control
solution (FBS). The negative control (PBS) proved to have a
significantly lower MTS conversion when compared to the other
groups. * Indicates statistically significant differen,ce. Error bar
represents the standard error.
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Figure 3.

Day 5 MTS cell viability assay. The 75 and 100 j.lglml EMP
·solutions produced a statistically significant lower MTS
conversion, compared to the positive control. The 25 and 50 j.lglml
EMP solutions were equivalent to the positive control. The
_negative control (PBS) proved to have a significantly lower MTS
conversion when compared to the other groups. * Indicates .
-- statistically- significant difference. Error bar represents the
'
standard error.
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Figure 4.

Day 7 MTS cell viability assay. The 75 and 100 pg/ml EMP
solutions produced a statistically significant lower MTS
conversion, compared to the positive control. The 25 and 50 pg/ml
EMP sol1r1tions were equivalent to the positive control. The
negative control (PBS) proved to have a significantly lower MTS
conversion when compared to the other groups. *Indicates
statistically significant difference. Error bar represents the
standard error.
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Figure 5.

Day 10 MTS cell viability assay. The 100 f.1g/ml EMP solution
produced a statistically significant lower MTS conversion,
compared to the other experimental solutions and the positive
control. The 25, 50, and 75 f.lg/ml EMP solutions were equivalent
to the positive control. The negative control (PBS) proved to have
a sign'ificantly lower MTS conversion when compared to the other
groups. * Indicates statistically significant difference. Error bar
represents the standard error.
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Table I illustrates the factorial analysis of variance· results for vi~bil~ty (p=0.0001).
The Tukey multjple comparison procedure indicated significant
differences
in mean MTS
.
"
.

v~ability

'

.

readings between groups at days 5, 7 and 10. No differences in mean MTS

readings \\_'ere seen between the groups at days 1 and 3 with the exception of the negative
controls. For all days, the negative controls-(PBS) had significantly lower mean MTS
readings than all other groups, as expected. For day 5, the positive control had
significantly higher mean MTS readings than the 75 and 100 J.Lg/ml treatment groups, the.
75 J.Lg/ml had significantly lower mean M!Sreadings than the 25 and 50 J.Lg/ml
treatment groups, and th~ 100 J.Lg/ml treatment group had significantly lower mean MTS
readings than the 25, 50, and 75 J.Lg/ml treatment gro11ps. For day 7,.the positive ~oup
. had significantly higher mean MTS readings than the 75 and 100 J.Lg/ml treatment groups,
and the 75 J.Lg/ml treatment group had significantly lower mean MTS readings than the
25 and 50 J.Lg/ml treatment. groups. For day 10, the 100 J.Lg/ml treatment group had
significantly lower mean MTS readings than the positive control, 25, 50, and 75 J.Lg/ml
treatment groups.

Table 1.

ANOVA results for viability.

27

T~ble I: A:NOVA results for viability.

Variable

'

R2

M<!an

l'viS

SI.>

0.8612

Plate (Day)
Day

5
7
10

0.5682
0.5644
0.6762
0.6041
0.5659

0.2149
0.2654
0.2816
0.2981
0.3049

Group
Positive!
Negative

0.7655
0.0820

0.2057
0.0371

3

J..lg/llll
J..lg/ml
75 J..lg/llll
100 J..lg/ml
25

0.7583

50

0.7588
0.1032

0.6466
0.0965

(J.(J440
0.0258

25

0.6519

0.0336

50

0.6769

o.cnso

0.6689

0.0381

0.6683
0.6293
0.0915

0.0257
0.2116
0.0090

0.6552

0.2045

Day x Group
I
Positive
N<!gativ<!

J..lg/ml
J..lg/ml
75 J..lg/ml
100 J..lg/llll

3

Positive
N<!gativ<!
25

J..lg/llll .

0.6859

0.1603

J..lg/llll
100 J..lg/ml

0.6105

0.1958

0.7.143
0.8397

0.0432
0.0635
0.0441

Positive!
Negative!

().()442

25 ~g/ml

0.8432

0.0545

so J..lg/ml

0.8156

0.0504

75 ~tg/ml

0.7631

0.0761

100 J..lg/ml
Positive
Negativc:

0.6985
0.8374
0.0763

0.0347
0.2924
0.0207

J..lg/ml

0.7447

0."1684

so J..lg/ml

0.7484

0.1410

25

75 ~tg/ml
10

0.5798

0.1482

. 0.6383
0.8068.
0.1187

0.0694
O.I691

25 ~tg/ml

<U<6I I

0. I 433

so ~tg/ml

{J.8562

0. I I 55

75 ~tg/ml

0.7CJil)

0. I647

1oo ~tg/ml

0.5505

(J.

100 J..lg/ml
Positiw
Negativt:

0.0220

I'J 13

F

p-valuc!

0.0116
0.3065

533
7

26.40

0.0001

0.2629

4

22.62

0.0001

6.2403

5

537.45

0.0001

7.92

0.0001

0.1580
\

0.1269
0.1565

0.0919

50 ~lg/1111
75

7

0.6809
0.6564

df

20
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B. PROLIFERATION ANALYSIS

Experiments were designed to evaluate proliferation ofHPDLF after stimulating
these cells with varying concentrations ofEMP over the five time periods as described.
EMP enhanced cell proliferation on all days of the study. At 24 hours, the positive
control showed similar

result~

as all EMP treated cells (Figure 6). On day three, the 75

).lg/ml EMP group was negatively affected, compared to the positive control, as well as
the other experimental groups, with a resulting decreased proliferation rate of 8% ·
(p<0.05) (Figure 7). Proliferation of cells for days 5, 7, and l 0 showed a slight increase
over the positive control, which was not significant (Figures 8, Y, and 10). Also, the
experimental groups enhanced proliferation of the cells compared to the positive control·
for day seven (p<0.05).

Figure 6.

Day 1 CyQu.ant cellular proliferation assay. The EMP solutions
did not reach statistically significant differences compared to the
positive control ~olution (FBS). Error bar represents the standard
error.
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Figure 7.

Day 3 CyQuant cellular proliferation assay. The 75 J.lglml EMP
solution produced a statistically significant lower proliferation
activity, compared to the_ other experimental solutions and the
positive control. The 25, 50, and 75 J.lglml EMP solutions were
equivalent to the positive control. * Indicates statistically
significant difference. Error bar represents the standard error.

Figure 7.
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Day 5 CyQuant cellular proliferation assay. The EMP solutions
did not reach statistically significant differences compared to the
positive control solution (FBS). Error bar represents the standard
error.
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Day 5: _Proliferation assay
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Figure 9.

Day 7 CyQuant cellular proliferation assay. The positiye control
solution produced a statistically significant lower proliferation
activity, compared to the other experimental solutions. The 25, 50,
75, and 100 pg/ml EMP solutions were all equivalent. * Indicates
statistically significant difference. Error bar represents the
standard error.
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Figure 10.

Day 10 CyQuant cellular proliferation assay. The EMP solutions
did not reach statistically significant differences compared to the
positive control solution (FBS). Error bar represents the standard
error.

Figure 10.

Day 10: Proliferation assay
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Table II illustrates the factorial analysis of variance results for proliferation
(p=0.0410). The Tukey ~ultiple comparison procedure indicated significant differences
·in mean CyQuant proliferation readings between groups at days 3 and 7. No differences
in mean proliferatiqn readings were seen between groups for days 1, 5, and 10, indicati_ng
__ that the experimental groups were eqtiivalent to the positive control. Fo~ day 3, the 75
1-Lg/ml experimental group had significantly lower mean proliferation readings than the
positive control and the 50 !J.glml EMP treatment group. For day seven, the positive
.

-

.

control had significantly lower-mean pr~liferation readings than the 75 1-Lg/ml treatment
group.

Table 2.

ANOVA results for proliferation.
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Table II: ANOV A results for proliferation.

Variable

R2

Mean

SD

0.5618

Day

MS

F

df

1746481.2

69

p-value

10.86

0.0001

17486.15
15061.95
15464.80
15350.89
16340.87

18961659.7
1780.21
673.11
1684.91
1209.86
1861.47

4

I
3
5
7
10

Group
Positive

6422433.2

4

3.68

0.0090

15496.74

1935.92

3236328.9

16

1.85

0.0410

25)lg/ml

15663.05

1349.60

50)lg/ml

16929.68

1566.67

75)lg/ml

15623.78

1184.98

IOO)lg/ml

15900.53

2122.47

17024.75

819.07

25 )lg/ml

16582.75

2132.13

so )lglml

18024.75

1915.10

75 )lg/ml

16376.00

861.61

100 )lg/ml

19422.50

1429.38

Day x Group
I
Positive

3

7

10

Positive

15450.50

79.03

25 )lg/ml

14821.00

398.63

so )lglml

15555.75

568.83

75 )lg/ml

14167.50

4135.20

100 ~g/m!

15315.00

778.83
2559.02

Positive

14752.75

25 )lg/ml

16462.50

417.12

50 )lg/ml

16823.25

1119.13

75 )lg/ml

16351.50

135.20

100 )lg/ml

13934.00

519.31

Positive

14232.00

831.07

25 )lg/ml

14783.75

1281.88
540.91

so )lglml

16677.50

75 !Jg/ml

16114.33

190.76

100 )lg/ml

15137.75

I 021.70

Positive

16199.33

3483.52

)lglml

15666.00

771.24

so )lg/ml

17779.67

2525.56

75 ~tg/ml

16435.00

673.31

1oo

15624.33

303.53

25

)lglml

--------------------- ·- -----
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C. ATTACHMENT ANALYSIS

SEM micrographs ·confirmed the presence of cells on the diseased dentin specimens.
Twenty diseased dentin specimens were used in the attachment analysis, 'ten treated with
the EMP's and ten untreated control sections. Of the twenty originally used, two from
the experimental group and four of the control group dried out and were unable to be
analyzed.
The qualitative characteristics of the cells appeared to be enhanced following the
application of the Ervt;P. Under .similar magnifications, cells exposed to EMP gave the
impression of a healthy robust cell with a dendritic appearance and adherent to the root
surface. Microvilli and filopodia were present on the cell boundaries and short to
-medium length cytoplasmic processes with microvilli and filopodia appeared on the cell
boundaries (Figure 11). In contrast, the untreated dentin surface_ of the control was only
partly covered with little variation·in shape, size, and surface topography of the cells.
Most of these cells were spindle shaped, with microvilli and filopodia appearing short
and thin and almost non-existent (Figure 12) . .Under higher magnification (Figure 13),
the EMP can be seen on the dentin section with a close adaptation of the HPDLF to the
surface. The· c~lls exhibit many long extensions of cytoplasmic processes with numerous
filopodia. The control specimen, under the same magp.ification, appears thin and brittle
· with little to no filopodia (Figure 14).

Figure 11.

SEM.micrograph ofllPDLFwith the addition ofEMP on diseased
root planed dentin (649X).
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·Figure 12.

SEM micrograph ofHPDLF on diseased root planed dentin
(648X).
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Figure 13.

· SEMmicrograph ofHPDLFwith the addition ofEMP on diseased
·
root planed dentin (1298X).

Figure 14.

SEM micrograph ofHPDLF on diseased root planed dentin
(1296X).
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IV. DISCUSSION

Attempts to understand and improve the conditions for periodontal regeneration have
focused on guiding the residual periodontal ligament tissue to repopulate the formerly
diseased and subsequ~ntly scaled and planed root surface (Gottlow et al. 1984, Gottlow et
al. 1986, Aukhil et al. 1986). In vitro models have been proposed for studying the
problems of cell attachment and fiber "orientation to the root surfaces (Pittam & Melcher 1983). However, the previous models were created from cell and tissue components
derived from

differen~ species

and incompatible tissues. For these reasons, the present

study was performed as an attempt to improve the in vitro model for studying the effects
of EMp- on the cell responsible for periodontal regeneration.

It has previously been shown that specific physical and chemical properties of
regenerative products may influence the reaction .and healing of periodontal tissues
following GTR therapy (Eickhplz et-al. t"998, E1harar et ~1. 1998). Few findings have
been published abo~t the biologic behavior of various materials in the dental literature.Payne et al. (1996) reported that PT~E and polylactic acid membranes impaired the
morphology of human gingival fibroblasts. This in vitro data was corroborated in vivo
with ePTFE membranes 4-6 weeks after application by SEM observation (Selvig et al.
1990).
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Enamel matrix proteins have been shown to enhance periodontal regeneration by
means of new acellular cementum, periodontal ligament, and alveolar bone formation
(Heijl1997, Mellonig 1999). Employing these proteins in periodontal regenerative·
procedures is based on applying the physiologic principles of tooth development to
promote a new attachment to the root surface (Gestreiius et al. 1997, Hammarstrom
1997).
To evaluate the potential use of EMP in periodontal regenerative procedures, we
investigated the in vitro effects ofEMP on proliferation and viability ofHPDLF. Current
evidence suggests that the HPDLF play a major role in the periodontal wound healing
process (Meyer 1986, Amar &. Chungl994, Beertsen et al. 1997). Under physiologic
conditions, it appears.that a reservoir of undifferentiated cells resides in the HPDLF and
they are respo,nsible for the maintenance of the periodontium as well as its association
with the root surface and alveolar bone.· these undifferiated cells c~ be triggered under
certain conditions and provide for migration and proliferation and hew tissue growth,
thereby promoting periodontal regeneration. Additionally, to assess the qualitative
effects EMP have on the cells, we examined the HPDLF cell attachment characteristics to
diseased root surfaces following application of EMP by SEM analysis.
Regenerative agents administered directly onto the periodontal defect should exert
little or no damage to the HPDLF, otherwise, they could adversely affect the regenerative
process. One approach in the assessment of cellular damage is to assay cytotoxic effects ·
quantitatively using cultured HPDLF. An estimate of the possible toxicity of the EMP to
be used for regeneration would be useful for assessing their biocompatibility and ensure a
safe biologic response. For tlp.s purpose~ we measured the viability ofHPDLF
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quantitatively treated with EMP
against EMEM w/'10%
FBS
&. PIS·and compared the
.
.
:
'

results of both in a time and dose dependent manner. We hypothesized that EMP would
not have any deleterious effect on HPDLF viability as evi4enced by decreased cell
numbers compared to non-tre~ted cells ..

In this study, EMP decreased cell viability in a tiine and dose dependent manner.
·Results demonstrated that both concentration and time altered cell survival. Cell
numbers decreased with ~n increase in dosage of proteins. Higher concentrations of EMP
and increased duration had a general deleterious effect on cell numbers, which was
significant on days 5, 7, and 10. The lower concentrations though, were equivalent to the
EMEM wl 10% FBS & PIS positive control with no statistical differences observed. It is
possible that the 50 Jlglml solution ofEMP was the threshold limit for biocompatibility
and the increased concentrations (7 5 and 100 Jlglml) adversely affected the viability of
the cells.
Makkawy et al. (1998) evaluated the cytotoxic affects of various restorative
materials on the HPDLF. They found both the product type and exposure time affected·
cell viability. These findings were supported by Chang et al. (1999) and are in agreement
with our study in which we demonstrated that exposure time had a significant cytotoxic
effect on the cells. One possible explanation for the decrease in cell number with
increasing time was that EMP concentration in our study was altered by dilutin,g the
proteins in EMEM w/10% FBS & PIS. Thus ·the 25 Jlglml solution ofEMP was 25
percent protein and 75 percent EMEM wl 10% FBS & PIS. It is possible that the growth
medium had a nutritive effect over the time periods examined. The 100 J.lglml solution
was not diluted w!th any growth medium and the 75 Jlglml solution included only 25
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percent EMEM wl 10% FBS & PIS. As exposure time with EMP increased, the sole
I

source of nutrition was from the proteins. Gestrelius· et al. (1997) have reported that
although beneficia~ effects are noted in certain cell populations, no specific growth
factors have been identified in EMP preparations .. This may help explain the results seen
with the higher concentrations of EMP and may also support the notion that cell viability
is dependent on many other factors.
The results ob~ained from our proliferation studies are in agreement with Gestrelius
et al. (1997), who found that EMP promoted proliferation ofHPDLF in a time and dose
dependent manner. However, in our study, HPDLF were found to i?-c_re~se proliferative
rates beginning at day <?ne and continuing until day 10. Interestingly, on day qne, the
greate~t

proliferation was seen with the. 100 J..Lglml group, although this was not

statistically significant. . In the previous study, EMP added. at baseline influenced cell
.,

·-,

proliferation with a small increase after four days and a marked enhancement seen after 7
and 10 days. In our study, EMP appeared to have, a stimulatory effect on day one, which
was maintained through day 10, although minot variations in proliferation rates for all
\

time periods .were noted. Our observations of increased proliferation rates are
corroborated by Lyngstadaas et al. (2001), who found that HPDLF cell attachment rate,
growth and metabolism were all significantly increased when EMP was present in
cultures.
In contrast to previous studies (Gestrelius et al. 1997, Hoang et al. 2000), EMP

proved to be more effective than the EMEM wl 10% FBS & PIS positive control in
enhancing proliferation rates, but the difference did not reach statistical significance in .
our study. The most-plausible explanation for the discrepancy between the positive
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control and EMP is that our analysis ofproliferation rates was performed using an assay
specifically designed to monitor cellular nucleic acid content. Cell counting was
performed by Coulter Counter in the previous reports, possibly lending errors in cell
numbers due to the nonspecificity of the cells counted.
In an in vitro wound fill model, Hoang et al. (2000) reported that EMP promoted
"
.

HPDLF compared with the positive control. In agreement with our findings, they
repocyed the cells showed significant responses to all EMP co~centrations used at all time
periods e~amined. Additional support has recently been provided by Hasse et al. ·(2001),
who also demonstrated the beneficial
effects
ofEMP on HPDLF.
They concluded EMP
..
. : .
.
.

stimulated the cells through
a modulatjon ofhylaruonan and proteoglycan synthesis in a
.. ·.
.

.·;

\

.manner consistent with tissues undergoing regeneration. ·
.

.

.

Due to the limited inforrilation available concerning the effects of regenerative
products on periodontal ligament fibroblasts, we compared the HPDLF surface and
attachment characteristics to diseased root surfaces following an application of EMP
.

'

'

compared to non treated control. SEM examination revealed the protein treated
specimens exhibited robust, elongated fibroblasts with numerous filopodia! and
lamellopodia extensions. These results were observed with regularity and consis~ency in
all specimens examined. In contrast, the non-treated controls were populated with very
few cells and limited fiiopodial processes. Significant cellular morphological differences
were also observed compared with the EMP treated surfaces. On the treated dentin, the
vitality of the attached HPDLF appeared good with extensive spreading creating an
intricate feltwork on the dentin surface. Similar responses ofHPDLF have been reported
on chemically conditioned dentin surfaces (Hanes et al. 1985, Polson et al. 1985, Rompen
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et al. 1999). Hanes et a:L (1988) evaluated the wound healing response to
demineralization on periodontally diseased root surfaces. They noted cells on citric acid
· treated surfaces appeared with distinct attachment to dentin with cells migrating over the
root ·surface. EDTA conditioning has also been shown to improve the migration,
attachment, and orientation of fibroblasts on sections of diseased root surface's (Fardal &
Lowenberg 1990). In the previous study, the root conditioning agents .used were reported
, to improve the diseased roots to a level comparable to root planed surfaces. A limitation
in our study was that the non-treated root surfaces were root planed and not conditioned
with EDTA as our EMP treated surfaces were. The work ofFardal & Lowenberg (1990),
though, supports the notion that the stimulatory effect on the fibroblasts was due to the
EMP, since all diseased surfaces in our study were treated ~ith root planing or root
planing with EDTA conditioning. Although the EDTA chemically altered the surface of
the root in our study, it has been suggested that the beneficial effects of root surface
conditioning are the exposure of collagen fibers and the removal of the smear layer
(Lasho et al. 1983,Polson et al. 1984). Another possible explanation for the observed
difference in cellular morphology between the groups is the possible presence of
endotoxin on the root surface. An argument could be .made for the endotoxin on the non
treated controls affecting the cell structure or attachment. The EDTA treated.EMP ·
sections may alter the

endoto~in

present however Jones & O'Leary (1978) have shown

root planing alone removes nearly all detectable levels of bacterial endotoxins.
Although the SEM analysis has limitations in its ability to examine the cells, the
proteins clearly had an influential effect on their structure and attachment. Our findings
are

support~d

by ?amal et al. (1998), who reported a similar response ofHPDLF cell
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adherence to periodontally involved root samples following treatment with various
concentrations of platelet derived growth factor.
This study was designed to examine the proliferation, viability, and the attachment
characteristics ofHPDLF following application ofEMP. The proliferation results with
the EMP were not statistically different than the EMEM wl 10% FBS & PIS positive
control It should be noted that of the various regenerative modalities available, EMEM
wl 10% FBS & PIS is not an approved product for use. Although the proliferation studies
did not show significance with the EMP, our SEM analysis yielded another view on the
possible effects of the proteins on HPDLF. In the SEM observations, the cells may have
been enhanced by another mechanism which we were not able to assess with our study
design. Our results are corroborated by the clinical findings of several authors
(Hammarstrom et al. 1997, Gestrelius et al. 1997, Sculean et al. 1999, Heijl et al. 1997,
Mellonig 1999, Heden et al. 1999) who have demonstrated the capacity ofEMP to
enhance periodontal regeneration. Thus, EMP may have an important role in promotion
of the HPDLF healing following periodontal regeneration procedures. The study also
supports the concept that EMP may act as a biocompatible matrix for HPDLF.

V. SUMMARY

The primary objectives of this study were to assess the biocompatibility ofEMP with
HPDLF (as determined by ,the MTS viability assay), as a function ofEMP concentration
and exposure time. Following treatment ofEMP, proliferation of the HPDLF was
assessed in a dose and time dependent manner (measured by the CyQuant proliferation
assay). Finally, HPDLF cell attachment characteristics to diseased dentin surfaces were·
observed following treatment with EMP (SEM analysis).
Results indicated the viability ofHPDLF was negatively affected in a dose as well
I

and time dependent manner. The 75 and 100 J-lg/ml solution ofEMP had an adverse
affect on cell viability on days 5, 7, and 10. Lower concentrations ofEMP, however, did
not have any significant inhibitory affect on the

~ell

viability at any time point.

HPDLF proliferatio~ ~ppeared to b~ enhanced follow1ng exposure to EMP. The 2575 J-lg/ml solution cat1sed a slight increase over the control for d~ys 1_, 5, 7, and 10. The
50 J-lg/ml solution had the greatest affect for-an time periods except at day 1, where the

100 J-lg/ml solution had the highest proliferative cells.
Finally, SEM analysis provided the opportunity to observe HPDLF in a qualitative
manner following application of EMP. The cell attachment to the diseased dentin
appeared to be enhanced. The cell surface characteristics also appeared enhanced with
EMP.
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These results support the concept that EMP may act as a positive matrix for HPDLF
and hence may contribute to the mechanisms essential to periodontal regeneration.
Although the proliferation assay results did not show statistical significance with the
addition of the EMP, the SEM micrographs demonstrate an enhancement that may be
affecting another mechanism of cellular proliferation.
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