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ABSTRACT

The purposes of this study were to investigate the cytotoxicity of
ANDROGRAPHIS PANICULATA gel (AP gel) on human periodontal ligament
fibroblast (PDL) and its effects on the migration of these cells.

The PDL cells were cultured in plastic culture dishes. AP gel at concentrations from 0.09 to 5.625
mg/ml were tested for cytotoxicity. A range of suitable AP gel concentrations from the cytotoxicity test
were used. In attachment assay, dentin slab was divided into 2 groups, control and 1.125 mg/ml AP gel.
The dentin slabs were immersed in cell suspension then incubated for 6 hours. In migration assay, this
study used Boyden chambers and dentin slabs. In Boyden chamber assay was divided into control and
test groups (at the concentration of 1.125, 0.75, 0.5625 mg/ml). In the test groups AP gel solution was
placed in the bottom chambers and fibroblasts were placed in the upper chambers then incubated for 12
hours. In dentin migration assay, AP gel at various concentrations was applied to the lateral zones of each
dentin slab and the central zone was occupied by cell suspension. The dentin slab was immersed in fresh
DMEM then incubated for 40 hours. After incubation, the membrane filters and the dentin slabs were
stained with toluidine blue O. The number of cells that attached and migrated were counted and the
migrating distances of the leading front of cells were measured. Mann-Whitney U test was used to
compare differences in the number and leading front of migrating cells.

The result of this study showed AP gel at the concentration of 5.625 mg/ml resulted in almost 100%
cell death. Decreasing the concentration of AP gel below 1.125 mg/ml was not toxic to cells. The number
of attached cells on dentin surface at the concentration of 1.125 mg/ml AP gel was more than in the
control group but not significantly different. (p<0.05) The numbers of chemotaxis cells in Boyden
chamber showed maximum migratory response in the control group with significant difference. In dentin
migration assay, the number of migrating cells at the concentration 0.5625 mg/ml and 0.75 mg/ml were
more than in the control group with significant differences. (p<0.05) When comparing migrating
distances, AP gel at the concentration of 0.5625 mg/ml was significantly higher than the control group.
(p<0.05)

In conclusion, AP gel at the concentrations below 1.125 mg/ml was not toxic to cells. AP gel at the
concentration of 0.5625 mg/ml showed the most significantly enhanced effect on the number and
distances of migration of human periodontal ligament fibroblasts on dentin slab.

KEY WORDS: ANDROGRAPHIS PANICULATA GEL / PERIODONTAL LIGAMENT
FIBROBLASTS/ CYTOTOXIC/ ATTACHMENT / MIGRATION

57 PP.ISBN 974-04-4471-7




Fac. of Grad. Studies, Mahidol Univ. Thesis /v

naveuaimzatsTesnemanasuiveusadd udalsiudvesynd
(THE EFFECT OF ANDROGRAPHIS PANICULATA GEL ON THE MIGRATION OF

HUMAN PERIODONTAL LIGAMENT FIBROBLAST)
$1lw muzdnASauzna 4437315 DTPE/M

MY, (UTNUa M)

4 o A v  J %

J
AUSNITUMIAIUANINGIUNUS : Uaan1 ATIAU, 8.9. 13 HAINY, qﬁ 7431905, Ph.D, Qi

@ J a o a
ANHAU INYATFITIU, 8.9, Us1uaIne

w ]
UNAAELID
[ J =2 3 dy A = 3 A J A A
Tagiszasnuesmsinenas il eAnaruiluisvewall meawlsazrod omsmaounues
I3 v J 4 ' 4 I A 1 4
manouomfSiuRvomyp Taeldmamiutiuseii e 009 — 5625 unaa enadeua il bR omaa
=1 =i 4 ] dy [ 1 1 [ 9
Tunsfnmso amzveusas Lukwioily iivilunguauniegngumaans  ngumaaedlgmaily
W e NP ¢ ) VoA s < g
nzaeToadud 1.125 unam muvAadeilud i hg luenisme@ e Tmeduaznulugmzide
) = A A J 1 I A A J A A [l da’
6319 MIANINIAT oUNTOITALINT U MIATOUNH IR IIBS LAZIAR OUN LA
] I~ 1 1 1 9
u Teetnisminaaeuil 2 nqu ABNGUALIAN LAY NAUNAABIFIRALIATMLAY 05625, 075 1Az 1.125
U
= & A ' A9 o9 o q ¥ 4 1A Y 9 o
HANIANEAIME UW WL aNENUY 5625 A Mlsadae taNa NI U 111 1125
1 a 1 4 1 { 4 a 1 1 1
wnaa hidlunbromaduazngunmeatudul 125N WusESIMEUUA NN INgUATUANLE
[] 1 AaAa 4 § 4 1 1 o
Tivummuana et MEANEMEAG oM YDA IULIBIALLTNLDS WL NaNALIALL T U
s A A 9 1 1 1" A v o w A 1 A o 1
maandeui NN ngumeapted Wiiied namuea (p< 0.05) MinaaeIUULHUAYIY W
' o s 4 1 1 1 l v o w
nANRAtLAU 05625 UNAE Lag 0.75unAER TS nusaa N euNINNNI NG uALALEE WiTBd 1Dy
an 4 { o 4 1 a o 1 1
meana (p <0.05) denfssuiiouszezmansaanaeun uUAY WU g a0, 5625unAm i
s A A 9 1 1 1 1 A v o W AAa =
maandoun 1 InaninguanNEzNgN1L125un/AR ogitisd Wayneada(p <0.05)  wamsaAny
¥y ~ Y Y o 1 T a 7 A Y 9 =
s wanauduiug 11125 unaa ludlunsromas ezl utL0.5625un/Am T

o w a

! a A A < 1A o 1T AW a
Haa I UMIRaBLUNYBIsan VLHUA I Leg Wl Tsd Wapmeada (p <0.05)

57 w1 ISBN 974-04-4471-7




CONTENTS

ACKNOWLEDGEMENTS ... e e e
ABSTRACT ... A L% ..o B N

LIST OF TABL

ESO 0. i P T e

LIST OF FIGURES: ... .. <Y S . . . - . .« oo coeoaheeh s
LIST OF ABBREVIATIONS ... i

CHAPTER

I | N ESEERNY——— o YOI, ... ... ....... ..
I L | SSERNRE N VAL T oo RN, . .. ... ... ... ...
[l MATERIALSAND METHODS ..........cccooiiii .
v RESUURIESES" A7 N () \ ... ..................
Vv DISCUSSEEINER (T A3 |/ /S ... ...... ... e
VI CONCLUSIORERNEY. AP ............... e,

RERERENCES
BIOGRAPHY

Pege

Vil

viii

18
27
40
46
47
57



LIST OF TABLES

Table Page

4.1 The number of PDL cells attached to dentin surface (p<0.05)..............29
4.2 The number of cells migration through the membrane in

the Boyden chamber assay...........ccooiiiiiiii i 31
4.3 The differences in the number of PDL fibroblast migrating cellsin

the Boyden chamber assay. (P<0.05).......cccoeviniieieiiiiii e 32
4.4 The number of migrating cells and the migration distances of

the leading front of migrating cells. (representative data).................. 35
4.5 Differencesin the number of PDL fibroblast migrating cells on

dentin dab in al experimental groups. (p <0.05) ............cccvvievennnns, 36
4.6 The differences in the distances migrated by PDL fibroblasts on

dentin slab in all experimental groups. (p<0.05) ...........coceoevvnnnn, 37



LIST OF FIGURES

Figure

2.1 Andrographis paniculata gel was loaded in an insulin syringe with
blunt needle No.21 for subgingival application

2.2 Andrographis paniculata Nees

3.1 Dentin slab for attachment assay
3.2 lllustration of top surface of dentin slab for migration assay, which was

marked by sharp pencil to divide into 3 zones: 2 lateral zones and 1 central

z0ne

3.3 Flat bottom type 96-well plates

3.4 Boyden chamber (Corning ®) 6.5 mm diameter, 8 um pore size, tissue
culture treated polycarbonates membrane, polystyrene plates

4.1 Percent of survival cells representing the percent of viable cells after
direct exposure of PDL fibroblasts to various AP gel concentrations:
5.625, 4.5, 2.25, 1.5, 1.125, 0.9, 0.75, 0.5625, 0.09 mg/ml

4.2 Toluidine blue O staining for PDL fibroblasts (arrows) after attached on
dentin surface (magnification 200x)

4.3 The effect of AP gel on the number of PDL fibroblasts attached to
dentin surfaces at concentrations of 1.125 mg/ml.

4.4 Toluidine blue O staining for PDL fibroblasts (B) migrating through the
membrane pore (A) in Boyden chamber assay (magnification 200x)

4.5 The effect of AP gel on the number of PDL fibroblasts migration in the
Boyden chamber was assessed at different concentrations.

4.6 Representative sample of toluidine blue O staining after PDL
fibroblasts migrated across black line in; a. control group,
b.experimental group magnification 100x) A is the farthest distance

that PDL fibroblast could migrate on dentin slab

Page

20
20

24

24

27

28

29

30

33

38



L1ST OF FIGURES (Cont.)

4.7 The effect of AP gel on the number of PDL fibroblasts migrating on
dentin surfaces was assessed at different concentrations
4.8 The effect of AP gel on the distance migrated by PDL fibroblasts on

dentin surfaces was assessed at different concentrations

39

39



LIST OF ABBREVIATIONS

AP gel = Andrographis paniculata gel

°C = degree Celsius

cm = centimetre

DMEM = Dulbecco’ s Modified Eagle,s Medium

DMSO = dimethyl sulfoxide

EMP = enamel matrix protein

et al. = et aii (and others)

FBS = fetal bovine serum

GTR = guided tissue regeneration

GCF = gingival crevicular fluid

ID = inhibition dose

LD = lethal dose

ml = millilitre

MIC = minimum inhibitory concentration

MTT = 3-(4,5-Dimethylthiazol- 2-yl)
-2,5-diphenyltetrazolium bromide

ng = nanogram

nm = nanometer

PBS = phosphate buffer saline

PDL = periodonta ligament

U = unit

Mg = microgram

pl = microlitre



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Periodontic) /1

CHAPTER|
INTRODUCTION

It is generally accepted that periodontal pocket formation results from the
accumulation of bacterial plaque on tooth surface in close proximity to the gingival
sulcus. The microorganisms and their products cause tissue destruction leading to loss
of connective tissue attachment, alveolar bone resorption, and pocket formation.
Important aspects of periodontal therapy are to slow down or to arrest the progression
of the disease, then regenerate the alveolar bone, the periodontal ligament, the root
cementum and finally prevent recurrence of the disease. (1)

Clinical trials have confirmed that plague control combined with scaling and root
planing are effective therapeutic modalities for arresting periodontitis but there are
factors that can limit the clinical and microbiological response. (2,3,4) Clinical
limitations to the effectiveness of root planing are anatomy of roots, depth of pockets
and position of teeth. (5) Mechanical treatment only may not predictably eliminate
putative pathogens, such as Actinobacillus actinomycetemcomitans, from the gingival
area. Due to their ability to invade periodontal tissues (6) or dentinal tubules or
because they reside in sites inaccessible for periodontal instruments, root concavities
or infurcations. (7)

Theoretically, the use of an antimicrobial agent together with mechanical
intervention should effectively eliminate the bacteria harbored at the bottom of the
deep periodontal pockets or in dentinal tubules. There are two major approaches of
antimicrobial agents administration for periodontal therapy: systemic or loca
administration.

Systemic antimicrobials show efficacy in controlling subgingival microbiotas,
because the drugs administered can, via serum, reach the microorganisms at deep
diseasesites, within the periodontium and from the oral cavity.(8) However, repeated
intakes of drugs are required to obtain the therapeutic concentration in the periodontal

pockets. Systemic adverse effects, drug interactions, superinfection and bacterial
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resistance may occur (9) and long term retention of resistance flora must be considered
as a potential effect. (10)

Local drug delivery systems are means of drug application to confined areas. The
benefits of using a controlled delivery device include better patient compliance,
enhanced or improved pharmacokinetic response, greater access and ability to position
the drug adjacent to the disease and ability to deliver a lower total dosage of the drug
at a more controlled concentration.(11) Local drug delivery have demonstrated higher
concentration in the periodontal pockets than systemic antimicrobial. (12) Therefore,
drug dosage can be reduced, so that adverse effect can be lowered and induction of
microbial resistance can be avoided.

Local drug delivery systems have been widely used as an adjunctive treatment in
periodontal diseases due to its greater efficacy than the systemic administration. There
are many commercially available products that are recommended and well
documented such as tetracycline fiber, chlorhexidine chip. However, they are very
expensive products since they have to be imported from foreign countries. Because of
these problems, the controlled-release drug system using the active components from
traditional herbs has been developed. The most interesting herb is Andrographis
paniculata Nees, a medicinal herb that grows widely in Asian tropical areas including
Thailand. Andrographis paniculata has been promoted for use in community hospitals
in Thalland for the treatment of upper respiratory tract infection and acute diarrhoea.
The main constitutes are diterpenoid lactone compound.(13) The most interesting
pharmacological activities of Andrographis paniculata for periodontal purpose were
antimicrobial, anti-inflammatory, and immunostimulant activities. (14,15,16,17)

Komwatchara (18) had formulated Andrographis paniculata into controlled-
release biodegradable gel for the treatment of periodontitis. Extract of Andrographis
paniculata was prepared in a liquid crystal form as a delivery system. Several studies
showed that Andrographis paniculata gel (AP gel) could be effectively used as an
adjunct to scaling and root planing in the treatment of periodontitis. (19,20,21,22)

The regeneration of the lost periodontal tissues was the ultimate goa of
periodontal treatment. During regeneration of the periodontium, the progenitor cells
from the remaining periodontal tissues must be migrated into the affected area and then

attached on root surface and proliferated. (23,24) No study was performed regarding
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the effect of AP gel on human periodontal ligament (PDL) fibroblasts toxicity and the
migration of human PDL fibroblasts on dentin. This investigation may provide more

information to understand the usage and mechanism of adjunct of AP gel in periodontal

therapy.
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Objectives of the study

1. Investigate the cytotoxicity of AP gel on the human PDL fibroblasts in vitro.

2. Examine the effect of AP gel on the attachment of human PDL fibroblasts on
dentin dlab.

3. Examine the effect of AP gel on the movement of human PDL fibroblasts on
the dentin dab

4. Examine the effect of AP gel on the chemotaxis of human PDL fibroblasts on

Boyden chamber

Hypothesis

1. Andrographis paniculata gel is not toxic to human PDL fibroblasts

2. Andrographis paniculata gel has no inhibitory effect on human PDL
fibroblasts attachment to dentin

3. Andrographis paniculata gel has a positive effect on the migration of human
PDL fibroblasts

The expected benefits
The results of the present study will:
1. Provide basic knowledge regarding the biological response of human PDL
fibroblasts to AP gel.
2. Beuseful for periodontists when consideration the necessity of adjunct AP

gel treatment after scaling and root planing.

Resear ch design

Experimental study in laboratory
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CHAPTER I
LITERATURE REVIEW

Periodontitis is characterized by the formation of periodontal pockets,
inflammation, and destruction of the alveolar bone and loss of fibrous attachment. The
inflammatory periodontal diseases are widely accepted as being of bacterial etiology,
associated with bacterial colonization of the periodontal environment. There is
considerabl e evidence supporting scaling and root planing as an essential and effective
component of therapy for inflammatory periodontal disease.(3,4,5,25,26) The clinical
benefits of scaling and root planing are derived from the removal of subgingival
plague and calculus, and disruption of the subgingival microbial flora resulting in a

delay in the repopulation of pathogenic microbes. (27)

Scaling is an initial procedure in removing supragingival debris and resolving
overt supragingival inflammation but is limited in its effect an established
periodontitis. Root planing resolves inflammation in the subgingival area reduces
pocket depth and improves or maintains attachment levels. (5,28,29) There are,
however, significant limitations to the effectiveness of root planing as anatomy of

roots, depth of pockets and position of teeth. (5)

The effect of scaling and root planing has generally been related to initial probing
depth. Most clinicians would agree that increasing depth of the periodontal pocket is
directly related to increase difficulty of accomplishing adequate scaling and root
planing. (30,31) Waerhaug (32) stated that pocket depth greater than 5 mm

demonstrated only an eleven percent efficacy in removal of plague and calculus.

O'leary (33) reported that root anatomy via concavities and multiple versus single

rooted teeth have a major effect on the efficacy of root planing.
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Brayer et a (30) found that more experienced operators had more calculus free
root surface experiences in moderate (4-6 mm) and deep (6mm or greater) pockets.
Fleischer et a (34) studied scaling and root planing efficacy in multirooted teeth, also
demonstrated that more experierced operators were more proficient in removing
calculus from furcations. Operator’s skill and time spent per tooth in root planing
procedure is required to achieve root surface devoid of plaque, calculus and necrotic

cementum. (35, 36)

Subgingival mechanical instrumentation decreases gram-negative organisms and
increases gram-positive rods and coccal species, a microbial associated with
periodontal health. (26,37,38,39,40) Spirochetes, motile forms and Bacteroides species
are consistently reduces after debridement but not eliminated from pocket. (39,41,42)

However, numerous investigations have demonstrated that scaling and root
planing aone ineffectively eliminate microorganisms in deep pocket including
Actinobacillus actionomycetemcomitan, Prophyromonas gingivalis, Prevotella
intermedia and Bacteroides forsythus due to its ability to invade the periodontium (43)
and dentinal tubule. (7) Thus, mechanical instrument alone may not be sufficient to

eliminate such bacteria at the site with high number of microorganisms.

Increase knowledge about the infections nature of periodontal diseases has
prompted the use of adjunctive antibiotics in the treatment of periodontitis patients.
The methods for deliver drugs into periodontal pocket can be divided to systemic
route, topical route or subgingival route. Most studied show that subgingival agents
such as chlorhexidine irrigation do not alow the pockets to be exposed to the drug for

sufficient duration of time and hence minimal effect is elicited. (44,45)

Systemic antimicrobials show efficacy in controlling subgingival microbiotas,
because the drugs administered can, via serum, reach the microorganisms at deep
disease sites, within the periodontium and from the oral cavity.(8) However, repeated
intakes of drugs are required to obtain the therapeutic concentration in the periodontal

pockets. Systemic adverse effects, drug interactions, superinfection, bacterial resistant,
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hypersensitive and gastrointestinal intolerance may occur (9,46,47) and long term

retention of resistance flora must be considered as a potential effect.(10)

A loca delivery device consists of a drug reservoir and a limiting element that
controls the rate of medicament release. The goal is to maintain effective
concentrations of chemotherapeutic agents at the site of action for long periods
(12,48), despite drug loss from crevicular fluid clearance. Local delivery devices can
be divided into 2 classes according to the duration of medicament release: sustained

release devices and controlled delivery devices. (49)

Severa commercially-available products are introduced such as tetracycline
fibers, metronidazole gel, doxycycline polymer and chlorhexidine chip. The clinical
studies have been conducted to assess the value of these systems as adjuncts to root
planing or as the sole treatment for untreated periodontal lesion. If these systems are
used as adjuncts to scaling and root planing, studies suggest that there is a slight
advantage over scaling and root planing alone. But commercialy available products,
which are recommended and well documented, are very expensive products since they
have to be imported from foreign countries. To solve these problems, the local drug
delivery using the active components from traditional herbs has been developed;
Andrographis paniculatagel (AP gd).

Phar macological activitiesand clinical trials of Andrographis Paniculata.

AP gel (Figure 2.1) contained the crude extracts from Andrographis paniculata
Nees, and using natural lipid and vegetable oil as a delivery system. Andrographis
paniculata Nees (Figure 2.2) a medicinal herb belonging to a subtribe in the
Acanthaceae family, is known in Tha as Fah Tala Joan, Nam Laa Phangphon.
Several compounds such as diterpenoid lactone compounds, flavonoid compounds,
steroid, phenolic compounds and organic acids have been isolated from this herb. Its
major constituents are diterpenoid lactone compounds which include andrographolide,

dehydroandrographolide, necandrographolide and deoxyandrographolide.(13)
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Figure 2.1 Andrographis panicul ata gel was loaded in an insulin syringe with blunt

needle number 21 for subgingival application.

Figure 2.2 Andrographis paniculata Nees
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The pharmacological activities of Andrographis paniculata Nees when tested in
laboratory animals include: antibacterial activity, antiinflammatory activity(15),
immunostimulation (16), cardiac depression, decreased dSeeping time in mice,
choleretic activity in rats, antispasmodic activity in guinea pig ileums, antifertility
effect, and anthelmintic activity by causing paralysis of earthworm. The additional
pharmacological activities of Andrographis paniculata were antitumor activity,
hypotensive effect, antipyretic, antivenom, antigastric ulcer, stimulation of smooth
muscle, abortifacient effect in pregnant mice, antifilarial activity, and hepatoprotective
effect. (15)

The most interesting pharmacological activities of Andrographis paniculata for
periodontal purpose were antimicrobial, antiinflammatory, and immunostimulant
activities. The antibacterial activity against oral bacterial Streptococcus mutan
KPSK2, GS-5, and Bacteroides gingivalis were studied using 4 consecutive extraction
fractions (hexane, methylene chloride, ethanol and water) using agar diffusion
method. The ethanol fraction showed inhibitory activity against all tested bacterial at
concentration of 27.5 mg/ml for Sreptococcus mutan KSPK2 and GS-5 and 55 mg/ml
for Bacteroides gingivalis. (14)

Antiinflammatory activity (15) was tested both as ora administration and
intraperitoneal injection. Oral administration of a85 % ethanol extract at a dose of
2g/kg decreased carrageenin-induced pedal edemain rats, while water extract (0.05-
2.5 g/kg) and 50 % ethanol (0.125-2 g/kg) extract had no effect. Intraperitoneal
injection of a water extract (0.5-2.5 g/kg), 50 % ethanol extract (0.06-0.25 g/kg) and
85% ethanol extract (1-2 g/kg) reduced inflammation in rats.

Andrographis paniculata could also act as immunostimulant agent. Ethanol
extract and purified diterpene andrographolide of Andrographis paniculata induced
significant stimulation of antibody and delayed type hypersensitivity (DTH) response
to sheep red blood cells (SRBC) in mice. The plant preparation also stimulated
nonspecific immune response of the animal measured in terms of macrophage
migration index (MMI) phagocytosis of *C-leucine labeled Escherichia coli and
proliferation of splenic lymphocytes. (16)

The comparative study between this herb (250 mg capsules of fine powder) given

1 gram every 12 hours for 2 days and tetracycline to 200 diarrhoea or dysentery
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patients revealed that the herbs could decrease symptoms more effectively than
tetracycline. (50) The Andrographis paniculata had already been included in Nationd
List of Essential Drug by National Drug Committee.

Toxicity of Andrographis paniculata.

The leaves extract had no general toxic effect when given subcutaneously to
rabbits at a dose of 10.0 mi/kg. (51) Ora administration of a suspension of leaf
powder 2g/kg a suspension of alcohol extract 2.4 g/kg, or andrographolide 3g/kg,
showed no acute toxic effects in both male and female mice. (52)

Oral administration of a suspension of powdered leaves at doses of 200 and 400
mg/kg aternate days for 4 weeks in mice showed no differences from controls. No
effect on growth rate, major visceral organs, fertility, or teratogenicity was found. Oral
administration of the leaf powder at doses of 50, 100 and 150 mg/kg on alternate days
for 14 weeks in rats showed no general toxic effects. The rats receiving 150 mg/kg
had a slightly slow growth rate. (52)

Acute toxicity test of 50% alcoholic extract of Andrographis paniculata revealed
no evidence of toxicity in mice when given 15g/kg bodyweight. LDso of the extract
administered per oral and subcutaneous are more than 15 g/kg body weight and
intraperitoneal is 14.98 g/kg. (53)

The toxic effect of the plant powder was evaluated for 6 months in 96 wister rats
receiving 0.12, 1.2 and 2.4 g/kg/day which was equivalent to 1, 10 and 20 times the
human therapeutic dose. (6g/day/50kg) No abnormality in growth rate, food
consumption, clinical signs, hematological, serum biochemica values or

histopathological changes was found. (53)

Clinical trials of Andrographis paniculatagel

Komwatchara (18) had formulated Andrographis paniculata into controlled-
release biodegradable gel for the treatment of periodontitis. Extract of Andrographis
paniculata was prepared in a liquid crystal form as a delivery system. The physica

characteristic of the gel base was good but incorporation of the Andrographis
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paniculata crude extract had decreased its viscosity and stiffness when contacted with
water. However, the resulting gel was still for subgingival application and was
expected to retain in the gingival sulcus while slowly released into the periodontal
pocket. AP gel showed better stability at 4 °C and 30 °C than at 45 °C within 3 months
storage and it was recommended to be stored at 4 °C. Komwatchara also stated that
antimicrobial activity of the AP gel did not come from only one of the constituents
alone but should come from the combination of substance in the crude extract. It could
be degraded by hydrolysis. The degradation process in an acidic condition was quite
slowly but the rate was increased in alkaline condition.

Several studied showed that AP gel could be effectively used adjunct to scaling
and root planing in the treatment of periodontitis. Rassameemartmuang et a. (19)
compared clinical and microbiological effect of 5 treatment modalities of AP gel in
chronic periodontitis patients; scaling and root planing , subgingival administration of
AP gel , scaling and root planing with subgingival application of gel base and
untreated sites as a control group . The study was evaluated for 7 weeks. The result
showed that the gel when used without root planing, caused no statistically significant
changes in the treatment of chronic periodontitis. The root planing with or without gel
application provided the same clinical and microbiological results. But the researcher
clamed that this result might be due to too few numbers of patients and also the
characteristic of the gel in that study which was not viscous enough and could freely
diffuse out from the periodontal pockets.

Atsawasuwan et al.(20) compared two alternative treatment modalities using
commercia 25% metronidazole dental gel (ELYZOL?) with root planing and AP gel
with root planing on chronic periodontitis patients. Both AP gel and metronidazole gel
when used adjunct to scaling and root planing improved both clinical and
microbiological characterization. Although, the disease tended to recur faster in the
root planing plus AP gel group than the group that used metronidazole gel. The
investigator concluded that AP gel could be used as an adjunctive treatment in chronic
periodontitisif it could be developed to be more viscous.

As the preparation of the AP gel was improved by excluding the chlorophyll to
give the gel a decolorized formulation and processing it to be more viscous, AP gel

was used in the most recent experiment. (54)



Amphai Hamasakwattanakul Literature review / 12

Sirirat et al. (21) studied that subgingival administration of both AP gel and 2 %
minocycline gel were similarly effective in the reduction of probing pocket depth.
Moreover, the incidence of significant improvements in probing pocket depth of AP
gel group and 2% minocycline gel group was found when baseline pocket depth were
greater than 7 mm of which was not found in scaling and root planing aone. In
addition, AP gel group aso showed a more consistent increase in percentage of cocci
and decreased in percentage of motile rods when compared to 2 % minocycline gel
throughout the observed time period of 3-4 months.

Chanarat (55) studied the effect of scaling and root planing with adjunctive
administration of AP ge on bacteria lipids containing 3-hydroxy-15-
methylhexadecanoic acid (3-OhiC17,0) on the root surface and in subgingival plague.
Bacteria lipid containing 3-OH iCi7¢p from plague and calculus-root surface was
shown to penetrate the adjacent gingival tissue and stimulated prostaglandin which
could contribute to the periodontal destruction process. The results showed that the AP
gel in combination with root planing and root planing alone was effective in reducing
bacterial lipid containing 3-OH iC17:9 on root surface and in subgingival plaque. But
gel alone was only effective in reducing bacterial lipid containing 3-OH iC17.9 on the
root surface. Neither adjunctive administration of the gel nor the gel aone was
effective on a number of gram- negative pigmented anaerobes.

There were two studies, which investigated the concentration of AP gel in
periodontal pocket of periodontitis patient after applying AP gel following root
planing. (56,57) The study determined the concentration of andrographolide which
was a main gradient of AP gel by using High Performance Liquid Chromatograhy
(HPLC). The results revealed that after 1, 3 and 6 hours of applying AP gdl in the
pockets, mean concentrations at 6 hours and 3 hours was significantly less than 1 hour,
respectively. At 1 hour mean andrographolide concentration was 3943.57ug/ml. At 6
hours, there are 57.14% of teeth that have mean retained andrographolide
concentrations more than minimum inhibitory concentration (MIC), 537.708 pg/ml.
After 24 hours, there was only 1 tooth from 15 teeth that could detect andrographolide
from gingival crevicular fluid and its concentration of andrographolide was
201.964pg/ml, which was lower than the MIC. (57)
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Sirirat and Rojanapanthu (22) studied the effect of subgingival application of AP
gel as an adjunct to scaling and root planing in the treatment of periodontitis patients.
The result from this case report study showed that all clinical parameters (probing
depth, probing attachment level, bleeding on probing and gingival index) were
improved. The reduction of probing depths was found and the attachment of
periodontal tissue was gained. Radiographic examination at 3 and 6 months following
gel application revealed evidence of bone filled in the AP gel-treated sites.

The outcome result of adjunctive administration of AP gel with scaling and root
planing reflecting the healthier periodontal tissue condition has led to a possibility of
the gel effectiveness in promotion wound healing and reduction of virulence bacteria

factorswhich are involved in pathogenesis and periodontal disease.

Periodontal wound healing
All healing wounds proceed through a number of well-defined steps during the
process of repair following injury. These have been categorized into three phases:
1. inflammation
2. fibroblastic-granulation
3. matrix formation and remodeling
The sequencing of these events may be very important in periodontal
regeneration. During the early phase of repair, a fibrin clot is formed. In epidermal
wound, this fibrin clot bridges the space between two vascular wound margins and
serves as a base that epithelial cells migrate across to cover the wound and providing
protection to the underlying connective tissue as healing progresses. Periodontal
surgical wound during regenerative attempts follows a similar healing pattern.
However, there are some differences in the healing environment of periodontal wound
that may affect the outcome of the procedures: one side of the wound and the healing
site communicates with the oral environment via gingival sulcus. This event can cause
the compromised healing of periodontal wound and result as a long junctional
epithelium interface with the root surface. (58) However, the results from the study by
Polson and Proye (59) indicated that if fibrin adhesion can be maintained to the root
surface, there will be no apical migration of the junctiona epithelium. The fibrin clot

seems to block epithelial invagination into the healing wound. Wikesjo et a. (60)
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suggested that new connective tissue attachment to dentin is mediated by the initial
adsorption of plasma proteins to the dentin surface and the subsequent devel opment
and maturation of the fibrin clot. The apical migration of the gingival epithelium in
periodontal wound may not be spontaneous but may instead result from breakdown of
the root surface-fibrin clot interface, thus allowing epithelial migration along the inner
surface of the wound margin.

Current theories of periodontal regeneration, new attachment are based on the
concept of promoting repopulation of the wound area adjacent to the root surfaces
from the periodontal ligament. Isidor et al. (61) suggested that new attachment failed
to form when the coronal growth of periodontal tissue was prevented. So it was
implied that the repopulation of a detached root surface by cells from the periodontal
ligament was a prerequisite for new attachment formation.

Many clinical approaches have been used to selectively repopulate areas adjacent
to teeth with specific cell types. Use of citric acid on planed root surfaces has been
advocated to promote new connective tissue attachment. (62,63,64) Studies using the
dog as the experiment model have reported considerable amount of cementum
deposition and a new connective tissue attachment. (65,66) A study in primates has
reported no corona attachment level increased following its use, while result of
human studies indicated that the use of citric acid has little or no effect on attachment
level. (67,68,69)

Not only citric acid, tetracycline HCl was used effectively demineralized root
surface dentin in vitro. It was found that tetracycline HCI adsorbs to enamel and dentin
and desorbs in active form; thus the dentin may act as alocal delivery system for the
antimicrobial compound. (70,71) Tetracycline HCI preconditioning of the root surface
not only will selectively remove the surface smear layer but may also act favorably by
inhibition of collagenase activity (72) and bone resorption.(73) Local tetracycline HCI
application can enhance fibroblast adhesion and the reduction of epithelial cell
adhesion.

Recently, guided tissue regeneration (GTR) techniques have been developed to
selectively induced repopulation by cells from the periodontal ligament on the root
surface. The semipermeable membrane placed over the periodontal defect provides a

space and allows time for cells of the PDL and osseous tissue to repopulate at wound
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site. Iglhaut et al. (23) found that not only periodontal ligament tissue is the source that
provides cells to repopulate in the wound but also cells from alveolar bone migrated
into the wound areas. They concluded that both the bone and periodontal ligament
were served as the potential sources of cell migrating into experimental periodontal
wound with periodontal spaces formed by the physical barrier. However, the corona
growth of these progenitor cells may be limited by the presence of epithelium, which
is migrating in an apical direction. Aukhil and Iglhaut (24) demonstrated that a very
limited zone of the periodontal ligament apical to the wound acted as a source of cells
migrating into the wound. These shows only one peak of activity in the premitotic
label uptake by cells in periodontal ligament and the eventual population of curetted
root surfaces by cells may depend on the continued amplifying divisions of these cells.
Since the first generation of cells pumped into wound from the adjacent periodontal
ligament may have to undergo amplifying cell divisions to populate the entire curetted
root surface, the role of the physical barrier appears to be crucial. With this approach
to regeneration, the physical barriers have to create and maintain the space until all the
cells have undergone amplifying divisions. Since barrier alows PDL cells to
proliferate, migrate and potentially from new bone, cementum and periodontal tissue
to the root surface. However, this therapy alone has limited application and the results
are not predictable.

An dternative way to stimulation the growth, differentiation of PDL cells is by
using growth factor such as platelet derived growth factor at the wound sites.
(74,75,76) Result has shown that it is possible to enhance tissue formation but the lack
of cellular specificity could generate potential problems when applying this treatment
in clinical periodontal regeneration.

A new approach to promoting periodontal regeneration has utilized enamel
matrix derived proteins (EMP). (77) During enamel tooth development, the enamel-
forming cells or ameloblasts secrete a protein matrix that becomes organized into
sheets of crystallites and ultimately from layers of enamel. (78) Amelogenin, the major
proteins of these intercellular layers, are thought to play a significant role in
cementogenesis. (79) A heterogeneous mixture of proteins containing amelogenin as a
major component has been shown to induce the formation of cellular cementum and

collagenous fibers in animal models. (80) When EMP has need applied clinically, new
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cementum, connective tissue and bone was observed on the root surface. (81,82) In an
in vitro investigation, EMP was found to promote PDL cell proliferation, stimulation
of collagen production and enhancement of mineralization.(83)

The regeneration of the lost periodontal tissues was ultimate goal of periodontal
treatment. During regeneration of the periodontium, the progenitor cells from the
remaining periodontal tissues must be migrated into the affected area then attached to
the root surface and proliferated.

The periodontal ligament tissue is a highly specialized connective tissue that
serves to anchor the tooth to the alveolus. The maor structura component of the
ligament is collagen. The predominant cell type in the ligament is fibroblast that serves
in the maintenance and remodeling of the ligament.

Fibroblasts are the predominant cell type of connective tissue that produces the
precursors of the extracellular matrix components. They have many equally important
functions, such as producing and maintaining the ground substance in which they and
their fibrous products are enmeshed. Therefore, fibroblasts may be described as the
architect, builder, and caretaker of connective tissue. They also play an important role
in the development, structure, and function of the tooth. (84)

Fibroblasts originate from mesenchymal cells. Once differentiated, fibroblasts
can replicate by mitotic cell division. When fibroblasts from embryonic tissue are
cultured, they are able to undergo about 50 divisions before senescence and death.
However, this number is reduced to approximately 20 divisions when fibroblasts from
adult tissue are cultured. (84) The fibroblast is a spindle-shaped cell with tapering
eosinophilic cytoplasmic extensions. The resting fibroblast (such as in tendons) has a
flattened, dark-staining, closed nucleus ard little cytoplasm. For the active fibroblast
(such as in the periodontal ligament) have a pale-staining, open-faced nucleus and
much more cytoplasm. (84,85) The fibroblast contains cytoplasmic organelles and
inclusions. There are a number of Golgi complexes and many profiles of rough
endoplasmic reticulum, mitochondria, and secretory vesicles. All of these organelles
indicate the ability of fibroblasts to multiply and secrete molecules. (85)

As previously mentioned, peridontal regeneration are based on the concept of
promoting root surface with cells from the periodontal ligament to repopulate on the
wound area adjacent to root surface. Several studies proved that AP gel had been used
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effectively adjunct to scaling and root planing in the treatment of periodontitis.
However, no study was performed regarding the toxic effect of AP gel on human PDL
fibroblasts and also the effect on migration of PDL fibroblasts in vitro. This
investigation may provide more information to understand the mechanism of adjunct

usage of AP gel in periodontal therapy.
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CHAPTER Il
MATERIALSAND METHODS

Materials and equipments used in this study were as follows,
Materials

N o g &~ w D

Dentin specimens

Human periodontal ligament fibroblast

AP gel (Faculty of Pharmacy, Mahidol University)

Cell culture flask (COSTAR ®) 25 and 75 cn?

Plastic cell culture dish (Corning ®) 25 and 75 cnf

96-well plate (NUCLON™ ) Flat bottom type

Boyden chamber (Corning ®) 6.5 mm Diameter, 8 pm pore size, tissue culture

treated, polycarbonate membrane, polystyrene plates

8. Dulbecco's Modified Eagle’s Medium (DMEM; Hyclone ©)
9. Fetal bovine serum (FBS; Hyclone ®)

10.

11.

12.
13.
14.
15.
16.

Penicillin-streptomycin  from Gibco (BRL®)(10,000 unitsml penicillin G
sodium and 10,000 pg /ml streptomycin sulfate)

Antibictic-antimycotic from Gibco(BRL®) (10,000 unitsml penicillin G
sodium and 10,000 pg /ml streptomycin sulfate and 25 pg/ml amphotericin B
as fungizone)

0.1% Trypsin-versene solution (0.05 % EDTA)

Phosphate buffer saline (PBS)

3-(4,5-Dimethylthiazol-2-yl)- 2,5-diphenyltetrazolium bromide(M TT)(Sigma ®)
Dimethyl sulfoxide (DM SO; Carlo Erba Reagent)

Human Plasma Fibronectin ( FN;GibcoBRL®)

Equipments

1.
2.

Specimen cutting machine with diamond disc 330-CA (Accutom-50 ;Struers)
Biohazard Cabinet ; GELAIRE® ( Flow Laboratories)
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3. Spectrophotometer; CERIES UV 900 Hdi (BIOTEK)

4. Inverted Microscope ; TMS-F ( NIKON)

5. Transmitted Light Microscope ; OPTIPHOT 2 ( NIKON ) equipped with
camera ( NIKON )

. Hemocytometer ; Bright-Line

. Laboratory DC counter

. Micropipette ; PIPETMAN® 10, 200 and 1000 ni (GILSON)

. Automatic pipette ; ACUBOY® ( TECHNOMARA )

10. Centrifuge (BECKMAN J2-21)

6
7
8
9

Dentin specimens for attachment and migration assay

Preparation of the dentin slab was modified from previously described by
Wikego et a (86). Briefly; the dentin slabs were prepared from the crowns of freshly
extracted human third molars. The tooth was cut into 3x4x1 mm/piece for attachment
assay (Figure 3.1) and 8x4x1 mm/piece for migration assay (Figure 3.2) using a water
— cooled diamond cutting machine (Accutom-50) followed by conditioning with 600
mesh sandpaper to obtain a surface with qualities resemble those obtained following
clinicaly root instrumentation. The slabs were immersed in distilled water and

sterilized by autoclave.

AP gel solution

AP gel was obtained from Assoc.Prof. Pleumchitt Rojanapanthu, Faculty of
Pharmacy, Mahidol University. AP gl 90 mg was first dissolved in DM SO 100 ml and
then diluted with the culture medium (Dulbecco's Modified Eagle's Medium). The
final concentration of DM SO in the culture medium did not exceed 3 mi/ml. At this
concentration, the solvent used was not toxic for PDL fibroblasts, as revealed by the
MTT assay (data not shown). In the experiment of cytotoxicity testing, the AP gel
solution was freshly prepared into a serial dilution between 0.09-5.625 mg/ml in
culture medium. In the attachment experiment, AP gel at the concentration 1.125
mg/ml was used. In the migration experiment, 3 various concentrations of AP gel:
1.125, 0.75 and 0.5625 mg/ml were used.
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3 mm

4 mm

Figure 3.1 Dentin slab for attachment assay

8 mm

4 mm

3mm 2mm 3mm

Figure 3.2 Illlustration of top surface of dentin slab for migration assay, which was
marked by sharp pencil to divide into 3 zones: 2 lateral zones and

1 central zone.
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Cedl culture of PDL fibroblasts

The method of preparing PDL fibroblasts cultures was that described by Richard
and Rutherford (87). PDL fibroblasts were obtained from explanted human tissue
scraped from the root of normal premolar or molar teeth extracted for orthodontic
purposes. Tissue was obtained from the middle one — third of extracted teeth and were
placed in Dulbecco's Modified Eagles Medium (DMEM /high glucose),
supplemented with 10% fetal bovine serum (FBS), amphotericin B (0.25ug/ml),
penicillin G (100 U /ml) and streptomycin (100 ug /ml), chopped into small pieces,
washed with DMEM three times and then explanted into the medium in 25 cnf culture
flask. Cells were then cultured in an incubator with a humidified atmosphere and 5%
CO; at 37 ° C. After cell monolayer had grown from the tissues explants, the tissue
pieces were aspirated from the culture flasks and the cell monolayer was grown to near
confluency. The cells were passaged using 0.1% trypsin-versene solution (0.05 %
EDTA) and resuspended in DMEM with 10% FBS, amphotericin B (0.25ug/ml),
penicillin G (100 U /ml) and streptomycin (100 ng /ml). Cells obtained from passage

4-8 were used for experiments.

Cytotoxicity testing

For cytotoxicity testing, cells suspension of PDL fibroblasts were obtained by
0.1% Trypsin-versene solution of nonolayer cultures at more than 90 % confluences.
To determine the number of cells, the hemocytometer were used. Two hundred m of
cells (2.5 x 10* cellsml) in DMEM was plated into 96-well flat bottom plates in the
row B to G (Figure 3.3). The cedll culture was then incubated in an incubator with a
humidified atmosphere and 5% CO, at 37° C for 24 hours. The culture medium were
discarded and replaced with 200 il of various concentrations of AP gel (0.09, 0.5625,
0.75, 0.9, 1.125, 1.5, 2.25, 4.5 and 5.625 mg/ml respectively) in DMEM containing
10% FBS. The cells were then incubated under the same condition for 48 hours. Five
wells were used for each concentration. After 48 hours, cells were immediately
subjected to the staining procedure to determine cell viability by MTT assay which
were carried out as described by Mosmann (88). Briefly, 3-(4, 5Dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT; Sigma) (5mg/ml) was dissolved in
DMEM and 100 1 of the solution was added to all wells of an assay. The plate was
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then incubated for 4 hours at 37° C. After discarding the MTT solution, traces of the
medium were removed by blotting the plates on filter papers, and formazan crystal
were solubilized with 200 m dimethyl sulfoxide (DMSO). After 30 minutes at room
temperature, the optical density was measured at 540 nm by spectrophotometer.

Attachment assay

The attachment assay was modified from previously described by Alleyn et al.
(89). Tota 12 dentin dlabs size 3x4x1 mm were divided into 2 groups; AP gel group
and control group. The control group was performed using media without AP gel. The
whole top surface of sterilized dentin dabs was coated with 100 ng (20 ng/ml)
fibronectin then allowed to dry for one hour at 37 °C. Three ml of AP gel solution at
the concentration of 1.125 mg/ml was applied on whole top surface of dentin slab. All
dentin slabs were incubated for another one hour at 37 °C. Then placed into 96-well
flat bottom plated. PDL fibroblasts suspension (200m) obtained from the cultured
flask by trypsinization with 0.1% trypsin-versene solution and resuspended in DMEM
with 10% FBS to a cell density of 1x10° cells/ml were carefully added over the dentin
slab. The dentin slabs were then incubated with the fibroblast solutions in an incubator
with humidified atmosphere and 5 % CO, at 37 ° C for 6 hours. After incubation, each
dentin slabs was removed and rinsed twice with PBS then fixed with absolute
methanol for two minutes and rinsed with distilled water. The dentin dlabs were
stained with 0.25% toluidine blue O in distilled water for another two minutes and
rinsed twice with digtilled water. Stained slabs were observed by using a light
microscope. The cells, which attached on the dentin chips surface, were counted. The
number of cells per unit area was then calculated and the data was expressed as
cells/mn?.

Fibroblast chemotaxis assay
Human PDL fibroblasts chemotaxis assay was performed according to the
method described by Boyden (90), usng Boyden blind wel chemotactic chambers

equipped with nucleopore filters with pore szes of 8.0 nm (Figure3.4). Nucleopore
filters were coated with 20 ng/m fibronectin. PDL fibroblasts were harvested from
monolayer culture by 0.1% trypsn-versene solution. Eight hundred mli of various
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concentration of AP gel: 05625, 0.75 and 1.125 mg/ml was placed in the bottom
chamber and 200 m of cultured medium containing 2.5x10° cdlsml was filled in the
top chamber. The assembly chemotactic chambers were incubated in  humidified
incubator with 5% CO, at 37°C for twelve hours. After incubation, the membrane
filters were fixed for three minutes in absolute methanol. Then, the membrane filters
were dained with 0.25% toluidine blue O in digtilled water for another two minutes
and rinsed twice in digtilled water then alowed to dry. The cdls that migrated through
the filter were examined under light microscope, and the number of cdls in five fidds
of each sample were counted and expressed as the mean + SE. The assay was repeated

three times.
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Figure 3.3 Flat bottom type 96-well plates.

Figure 3.4 Boyden chamber (Corning ®) 6.5mm diameter, 8 mm pore size, tissue

culture treated polycarbonates membrane, polystyrene plates
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Migration assay

The migration assay, which was used in this investigation, was performed as
previously described by Winarukwong. (91) Before sterilization, dentin slabs were
marked on the top surfaces by sharp pencil to divide them into 3 zones, and then
sterilized by autoclave. The central zone was 2 mm wide and the remaining lateral
zones were 3 mm wide each (Figure 3.2). A total of 20 dentin dlabs were used in this
experiment divided into four groups for control and three various concentrations of AP
gel: 0.5625, 0.75 and 1.125 mg/ml. Each group contained 5 dentin slabs. The whole
top surface of sterilized dentin slabs were coated with 200 ng of fibronectin (20 ng/ml)
and incubated for one hour a 37° C. Three nl of AP gel was carefully applied on each
lateral zone of a dentin slab in the experiment group, while in the control group only
fibronectin were applied. Then al the dentin slabs were incubated for another one hour
under the same condition. Cells to be tested were removed from the cultured flask by
trypsinization with 0.1% trypsin-versene solution and resuspended in DMEM with
10% FBS at a cell density of 5x10° cellsml. Two mi aliquots of the cell suspension
were added to the central zone of the dentin surfaces which were not conditioned by
the AP gel. The dentin slab was then incubated for one hour in an incubator with a
humidified atmosphere and 5% CO, at 37° C. After incubation, the nonadherent cells
in the residual media were removed and the dentin slabs were rinsed with DMEM.
Each dentin dlab were placed in a 35 mm plastic culture dish that fitted in a petridish
(150 mm in diameter) lined with wet sterilized gauze. The migration chambers were
then placed in an incubator with a humidified atmosphere and 5% CO, at 37 ° C for 40
hours. After the incubation, the dentin slabs were rinsed in PBS and fixed with
absolute methanol for two minutes and rinsed with distilled water. The slabs were
stained with 0.25% toluidine blue O in distilled water for another two minutes and
rinsed twice with distilled water. Stained dlabs were analyzed by using a light
microscope. The cells that migrated from the central zone into the lateral zone were
counted and the migration distances of the leading front of the migrating cells were
measured. The assay was repeated three times.
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Statistical analysis

Descriptive statistics (means and standard error of the mean) were generated for
the number of attach cell, migrating cells and the migration of the leading front of the
migrating cells in each group. Significant differences between means of the control
and experimental groups will be determined by non parametric test. Kruskal Wallis on
rank test and Mann-Whitney U test was done to analyze difference between pair test,
at p<0.05 was considered significance.
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CHAPTER IV
RESULTS

PDL fibroblast cytotoxicity
The exposure of human PDL fibroblasts culture to different concentration of AP

gel showed that cell survival decreased with an increase in concentration of AP gel.
AP gel at the concentration of 5.625 mg/ml was completely toxic to cells (Figured.l1).
Survival cells was increase to nearly 100% at the concentration of 1.125 mg/ml, and
reached a plateau at concentration lower than 1.125 mg/ml. The IDsg (inhibition dose)
of AP gel to PDL fibroblasts was 1.6 mg/ml.

140

120 +

100

80

ID 50

% Survival cdls

40

0.0 1.0 2.0 3.0 4.0 5.0 6.0

Concentration of AP gel (mg/ml)

Figure 4.1 Percent of survival cells representing the percent of viable cells after direct
exposure of PDL fibroblasts to various AP gel concentrations. 5.625, 4.5,
2.25,1.5,1.125, 0.9, 0.75, 0.5625, 0.09 mg/mli
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Attachment of PDL fibroblast on dentin surface

The attachment of PDL fibroblasts were observed and determined under the
light microscope at 6 hours. Cells appeared normal with same spindle shapes and
could be stained with toluidine blue O (Figure 4.2). The number of attached cell was
50.38+3.66 cellsmn? in the control group and 58.83+4.58 cellsmm? at the tested
group which AP gel at the concentration of 1.125 mg/ml (Table 4.1 and Figure 4.3).
There was no statistically significant difference between these two groups.

Figure 4.2 Toluidine blue O staining for PDL fibroblasts (arrows) after attached on
dentin surface (magnification 200x).
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Table 4.1 The number of PDL cells attached to dentin surface. (p<0.05)

Group Number of cells
(mean + SE)
Control 50.38+3.66
1.125 mg/ml AP gel 58.83+4.58

No statistically significant difference between groups

Number of attached cdlls

Control

1.125 mg/ml AP gel

Figure 4.3 The effect of AP gel on the number of PDL fibroblasts attached to dentin
surfaces at concentrations of 1.125 mg/ml.
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Chemotaxis of PDL fibroblast on Boyden chamber

The chemotactic responses of PDL fibroblasts to various concentrations of AP
gel are shown in Figure 4.4. In these assays, the maximum migratory response was
found in the control group with 62.57+13.95 cells (Figure 4.5). The number of
chemotaxis cells were 6.78 £1.75, 19.33+5.47, 22.78+3.92 cells in AP gé groups at
the concentrations of 1.125, 0.75, 0.5625 mg/ml, respectively (Table 4.2). Table 4.3
shows statistically significant difference in the number of chemotaxis cells among test

groups.

Figure 4.4 Toluidine blue O staining for PDL fibroblasts (B) migrating through the
membrane pore (A) in Boyden chamber assay (magnification 200x).

Copyright by Mahidol University
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Table 4.2 The number of cells migration through the membrane in the Boyden

chamber assay
Grou Number of cells % Migration
o (meantSE)
Control 62.57+13.95 100
0.5625 mg/ml AP gel 22.78+3.92 36.41
Test 0.75 mg/ml AP gel 19.33+5.47 30.89
1.125 mg/ml AP gel 6.78+1.75 10.84
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Table 4.3 The differences in the number of PDL fibroblasts migrating cells in the

Boyden chamber assay. (p<0.05)

Group Test (AP gél)
Control
Y 0.5625 0.75 1125
mg/ml mg/ml mg/ml
Control . 1 .
0.5625 mg/m * NS *
NS
Test 0.75 mg/ml * NS
(AP Gd)
1.125 mg/ml * * NS

* Statistically significant in Mann-Whitney U test

NS Not statistically significant
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Number of migrating cells

Control 0.5625 0.75 1.125
Concentration of AP gel (mg/ml)

Figure 4.5 The effect of AP gel on the number of PDL fibroblasts migration in the
Boyden chamber was assessed at different concentrations.
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Migration of PDL fibroblast on dentin slab surface

After 40 hours in culture PDL fibroblasts migration was observed. Cells appeared
to be normal and showed spindle shape (Figure 4.6 a and b). The number of migrating
PDL fibroblasts on dentin dabs and the distances of migration were shown in Table
4.4. The maximum migratory response was found at the concentration of 0.5625
mg/ml AP gel group with 105.43+19.77 cells/side. The number of migrating cells was
39.42+7.05 cells/side in the control group and 57.8+23.87 cells/side, 86.25+22.44
cells/side in the 1.125 mg/ml and 0.75 mg/ml AP gel group, respectively. The
migration distances measured from the leading front of migrating cells in the control
group were 1.67+0.25 mm. In experimental groups, the migration distances were
1.5+0.27 mm, 2.6£0.24 mm and 2.86+0.14 mm at the concentration of 1.125 mg/ml,
0.75mg/ml and 0.5625mg/ml, respectively. The number of migrating PDL fibroblasts
in 0.5625 mg/ml and 0.75 mg/ml AP gel groups showed significance differences when
compared to the control group (p<0.05) (Table 4.5). When the comparison was made
among the experimental groups, there were no statistically significant differences in
the number of migrating PDL fibroblasts.

When compared in the migrating distances, its showed significant differences as
follow: control group and 0.5625 mg/ml AP gel group, 1.125 mg/ml and 0.75 mg/ml
AP gel group and between 1.125mg/ml and 0.5625 mg/ml AP gel group. (Table 4.6)

Figure 4.7 and 4.8 showed that AP gel at all concentration tested activated PDL
fibroblasts migration since both number of migrating cells and the distance of
migration were increased when compared to control. The concentration as low as
0.5625 mg/ml of AP gel could activate PDL fibroblasts migration up to 267.45% of

the control.
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Table 4.4 The number of migrating cells and the migration distances of the leading

front of migrating cells (representative data).

Number of cells | Distance (mm)
Group N

(mean = SE) (meantSE)

Control 6 39.42+7.05 1.67+0.25

0.5625 mg/ml 7 105.43+£19.77 2.86+0.14

Test

(AP gel) e 6 86.25+22.44 2.6:+0.24
1,125 mg/ml 5 57.8+23.87 1.5+0.27

N = number of specimens in each group
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Table 4.5 Differences in the number of PDL fibroblast migrating cells on dentin slab
in al experimental groups.(p <0.05)

Test (AP gdl)
Group Control
0.5625 mg/ml | 0.75mg/ml | 1.125mg/ml
Control . A NS
0.5625
mg/ml NS NS
Test 0.75
(AP gd) mg/ml i NS NS
1.125
g/l NS NS NS

*  Statidtically significant in Mann-Whitney U test
NS Not statistically significant
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Table 4.6 The differences in the distances migrated by PDL fibroblasts on dentin slab
in al experimental groups. (p<0.05)

Test (AP gd)
Group Control
0.5625 mg/ml | 0.75mg/ml | 1.125mg/ml
Control * NS NS
0.5625
* *
mg/ml g
Test 0.75
(AP gd) mg/ml NS NS *
1.125
mg/ml NS

*  Statigtically significant in Mann-Whitney U test
NS Not statistically significant
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Figure 4.6 Representative sample of toluidine blue O staining after PDL fibroblasts
migrated across black line in; a is control group, b is experimenta
group (magnification 100x) A is the farthest distance that PDL fibroblast
could migrate on dentin dab
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Figure 4.7 The effect of AP gel on the number of PDL fibroblasts migration on dentin
surfaces was assessed at different concentrations.

% Distance of migration

control 0.5625 0.75 1.125
Concentration of AP gel (mg/ml)

Figure 4.8 The effect of AP gel on the distance migrated by PDL fibroblasts on dentin

surfaces was assessed at different concentrations.



Amphai Hamasakwattanakul Discussion /40

CHAPTER V
DISCUSSION

Tissue culture techniques for the cytotoxic test in this study present an

inexpensive and rapid method to test the effect of AP gel with the periodontal ligament
fibroblasts. These fibroblasts which are actively engaged in the synthesis of the
connective tissue to successful new attachment formation.

One approach in the assessment of cellular damage is to assay cytotoxic effects
quantitatively using cultured cells. An estimate of the possible toxicity of the AP gel to
be used adjunct in periodontal treatment would be useful for accessing its
biocompatibility and to ensure a safe biological response. This study measured the
viability of periodontal ligament fibroblast after 48 hours treated with AP gel in 10 %
FBS DMEM and compared the result of dose-dependent manner by the colorimetric
MTT assay.

Many biological assays require the measurement of surviving and/or proliferating
mammalians cells. This can be achieved by several methods such as counting cells that
include/exclude a dye, measuring released Cr-labeled protein after cell lysis,
measuring incorporation of radioactive nucleotide (®H thymidine or %
iododeoxyuridine) during cell proliferation.

The MTT assay is based on the capacity of mitochondria dehydrogenase enzymes
of viable cells to convert the yellow water-soluble substrate 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyl tetrazolium bromide (MTT) into insoluble formazan crystals. The
amount of formazan formed is directly proportional to the cell number. The main
advantage of the colorimetric MTT assay is the ability to differentiate the viable cells
from the dead cells or a lack of cells. The assay is capable of detecting very small
number of living cells (eg. 200 cells) or large number of samples with a high degree of
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precision. Viable cells could be measured by using any of severa staining methods,
but the MTT assay can avoid any washing steps that would increase processing time
and sample variation. The assay can be read a few minutes after the addition of DM SO
and the color is stable for a few hours at room temperature. This assay can be read on
a scanning multiwell spectrophotometer (ELISA reader), which is very useful if rapid
qualitative results are required. (88)

Results demonstrated that cells number decreased with an increased in
concentration of AP gel. The gel at the concentration of 5.625 mg/ml resulted in
amost 100% cell death. Cell number was dlightly increased at concentration from
1.125 mg/ml to 2.25 mg/ml and reached a plateau at concentration lower than 1.125
mg/ml. (Figure 4.1). From the clinical studies (56, 57) to quantify the concentration of
AP gdl in gingival crevicular fluid after loading into the periodontal pockets, the result
showed that the concentration of AP gel was gradually washed out and at 24 hours
after loading, the concentration of andrographolide which could detect in the
periodontal pocket was 201.964 ng/ml in only 1 tooth from 15 teeth. The results from
our study showed that with the low dose of AP gel was not suppressing cell division
completely. The result of this study confirmed that when used AP gel as an adjunct
with scaling and root planing was not harmful to human periodontal ligament cells due
to their shorter exposure time with a high concentration of the gel.

As stated earlier that bone and tissue regeneration is ultimate goal for periodontal
treatment. Many substances were reported to facilitate the process of tissue
regeneration. These substances include enamel matrix protein (EMP) and
chlorhexidine. Enamel matrix protein were recently introduced as biological mediators
to encourage periodontal regeneration. (92) The previous study by Davenport (93)
demonstrated cytotoxic effect of EMP on the periodontal ligament fibroblasts. They
found that EMP decreased cell number in time and dose dependent manners.

Cytotoxicity of chlorhexidine tested in human periodontal ligament fibroblasts
showed that 0.004 % (w/v) chlorhexidine could cause almost 100% cell death. (91)
Study by Goldschmidt et al. (94) using the same concentration of Chlorhexidine
demonstrated impaired cellular function and/or cell death. Exposure of fibroblasts to
chlorhexidine at the concentration of 0.12% for less than 30 seconds resulted in 100%
cell death. Pucher and Daniel (95) supported the effect of chlorhexidine on viability,
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growth, collagen gel contraction, and total protein synthesis of human gingival
fibroblasts. Chlorhexidine was found to be highly cytotoxic to cells in vitro and to
various cell functions such as proliferation, collagen gel contraction and proteins
synthesis. In additional, the effects of chlorhexidine on the attachment and growth of
cultured human periodontal fibroblast have also been reported. Exposure of root
surfaces to chlorhexidine significantly inhibits growth of periodontal fibroblast and
fibroblast attachment which interfere with regeneration of the periodontium.(91)

Fibroblast attachment to the root surface has previously been shown to be one of
the essential processes of periodontal regeneration along with cell migration and
differentiation for the formation of an oriented and functional attachment. (96) For the
attachment assay, the result of this study showed that the numbers of PDL fibroblasts
were increased in the experimental group when compared to the control group, but
there was no statistically significant difference. (Table 4.1, Figure 4.3) The attachment
may due to the relative smooth surface of dentin slab and the biocompatibility of AP
gel. The treatment that transforms the root surface by coating with a more
biocompatibility substrate may attract fibroblasts attachment to teeth as suggested by
Hanes et al. (97)Another method that could be used for assessing the potential
biologically active substances for promoting healing at the dentin-soft tissue interface
is cell migrating assay. Various biological macromolecules can be adsorbed onto
dentin. Presumably; these factors are responsible for induction of cellular attachment,
proliferation and movement of cell associate with healing of the dentin surfaces. These
processes appear to be critical for healing of the dentin-soft tissue interface. It is likely
that an increase in recruitment of some specific cell types may lead to an enhancement
of the connective tissue regeneration.

There are several methods to investigate the migration of the cell such as in vitro
wound assay (98,99), under agarose assay(100,101), coating assay.(102) In this study,
the dentin dabs were used as a model for the migration assay because of this
experiment may mimic the situation in the clinical use of AP gd in oral cavity where
the PDL fibroblasts have to migrate on the dentin surface after root planing. The
migration assay using in this experiment could be suitable for investigating the
migration of PDL fibroblasts. However, in the ora cavity, there is gingival clearance

from gingival crevicular fluid which can flush out AP gel. Small amount of AP gdl is
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left in the pocket as above mentioned. The content of gingival crevicular fluid (GCF)
is correlated with the degree of gingival inflammation In pocket depth 3.8 mm GCF
release 20 pl per 1 hour and GCF flow rate is 40 times per 1 hour. (11)

Dentin migration assay showed an increased in PDL fibroblasts chemokinetic
motility as a function of various AP gel concentratiors. The number of cells thet had
migrated at lower concentration of AP gel was substantialy greater than higher
concentrations. On the other hand the control group showed the highest number of
migrated cells. (Table 4.2, 4.4, Figure 4.5)

The difference between dentin and Boyden dhamber assay can explain by the
nature of the motile response and the source of stimulation; defined as chemotaxis and
chemokinesis.

Chemotaxis is the directional migration of a cell in response to a positive gradient
of a soluble factor, such as AP gel slution in Boyden chamber assay. Migration of
cells in the direction of the chemotactic gradient increases as the concentration of the
chemoattractant increases; however at high concentrations of the chemoattractant, the
motility may be inhibited. This may result from the moving up a concentration
gradient of cells. When the chemoattractant concentrations increased, the cell surface
receptors may be saturated and resulting in inhibition of motile response.

Chemokinesis is the stimulation of randomly directed motility and results in the
migration of cells in a random manner away from their original site. This occursin the
absence of a concentration gradient. (103)

In the cytotoxicity testing and the migration using Boyden chamber assay, the
severity of the effects of AP gel to PDL fibroblasts seem to be due to the direct
exposure of the cells to this drug. In contrast, in the dentin migration assay PDL
fibroblasts cells did not expose directly to AP gel, the dentin slabs were treated with
AP gel before these cells were seeded. Once the PDL fibroblasts migrated to the area
that had been applied with the drug, they became directly contact with AP gel that
absorbed on dentin surface, the migration could be stimulated with minimal releasing
of AP gel from dentin surface.

In this study, fibronectin was used as fibroblast scaffold. Fibronectin distribute in

tissue, blood and bound many different collagen type, heparin sulfate, fibrin, and
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glycoprotein of extracellular matrix. (104) It has been reported that fibronectin can
enhance fibroblast attachment and migration in various of in vitro studies. (105)

The increasing migration of PDL fibroblasts in this study was found both
guantitatively (number of migrating cells) and qualitatively (distance of migration)
when they migrated on the dentin surfaces in the presence of AP gel. These results are
in contrast to the result from chlorhexidine treatment. Winarukwong found that the
number of PDL fibroblasts migrating cells and distances of migration in al
experimental groups (0.0012%, 0.002%, 0.012%, 0.12%, 0.2%) were reduced
significantly when compared to the control group (p<0.05) except the 0.0012%
chlorhexidine group showed no significant difference.(91) Therefore, AP gel is less
toxic to PDL cells than chlorhexidine and could be used to promote cell migration
dentine.

The clinical study of the effect of subgingival application of AP gel as an adjunct
to scaling and root planing in the treatment of periodontitis showed that all clinical
parameters were improved. The reduction of probing depths was found and the
attachment of periodontal tissue was gained. Radiographic examination at 3 and 6
months following gel application revealed evidence of bone filled in the AP gek
treated sites. Thus the effect of AP gel in this study would be obtained from
antimicrobial activity and its biocompatibility on dentin surface to enhance fibroblast
attachment and migration. It is still questionable whether this effect is due to a
chemical modification of the properties of the dentine surface, to expose or release of
matrix component of dentin such as type | collagen or whether AP gel exerts direct
effects on cellular function.

The present study indicates certain limitations of the in vitro testing of
periodontal fibroblasts migration assay. Firstly, the accurate concentration of AP gel
that adsorbed onto dentin surface could not be determined. It is also very difficult to
prepare situation like in the ora cavity that has wide variation in tooth shape,
curvature of the root surface, surface topography, gingival crevicular fluid clearance,
and epithelium barrier membrane. These conditions make precise standardization
nearly impossible. Secondly the specimens need to be sterile before placing in a cell
culture. This may destroy the properties of the dentin. In clinica situation the root

surface normally covered with viable bacteria, therefore the in vitro situation may not
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reflect the in vivo situation. Nevertheless, the result from this study strongly suggested
that AP gel has beneficia effect on PDL cells growth and migration in vitro.

In order to complete result of this study, there would have additional negative
control group for compare AP gel effects on the PDL fibroblasts. It will be safe time,
and create ssmple and reproducible method for experiments if use cell line processing
the exact of fibroblastic cells.

In the process of wound healing, there seem to be many factors possibly involved
in the chemotaxis, such as biochemical ateration of tissue components, extracellular
matrix production and whether or not the attached cells can produce an organized
extracellular matrix that resemble the original tissue. Therefore, further studies need to
be performed in relation to these aspects in order to provide more information about
the effect of AP gel on periodontal tissue regeneration. It is necessary to study the
Pharmacokinetic of AP gel to understand the mechanism of the gel associated with

wound hesaling.
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CHAPTER VI
CONCLUSION

The results from this study could be concluded that

1. The cytotoxicity of AP gel on the PDL fibroblasts found that AP gel at the
concentration of 5.625 mg/ml resulted in amost 100% cell death. Decreasing the
concentration of AP gel below 1.125 mg/ml was not suppressing cell division.

2. The effect of AP gel on the attachment of PDL fibroblasts on dentin surface
found that cells attachment at the concentration of 1.125 mg/ml AP gel was more than
control group but not stetistically significant difference between two groups.

3. The effect of AP gel on the movement of PDL fibroblasts on dentin slab found
that the number of periodontal fibroblasts migrating cells at the concentration of
0.5625 mg/ml and 0.75 mg/ml AP gel were more than control group with significant
difference.(p<0.05) When compared in migrating distances, AP gel a the
concentration of 0.5625 mg/ml was more than control group and 1.125 mg/ml AP gel
group with significant difference. (p<0.05)

4. The effect of AP gel on the movement of PDL fibroblasts on Boyden chamber
found that the maximum number of chemotaxis cells was in control group. In
experimental group, chemotactic cells at the concentration of 0.5625 mg/ml AP gel
had more cell number than 0.75 mg/ml and 1.125 mg/ml AP gel group, respectively.

5. AP gel at the concentration of 0.5625 mg/ml showed the most enhance effect
on the number of migrated cells and the distance of migration of periodontal
fibroblasts on dentin slab.
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