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Introduction

Reparative dentinogenesis is the basic mechanism to repair defects after injury or artifical exposition. In fact, pulp fibroblasts have
the potential to change into odontoblast like cells in order to produce reparative dentin to conserve the dental pulp. To treat exposed
pulps, various restorative dental materials can be used such as calcium hydroxide, cyanoacrylate, mineral trioxide aggregat, adhesives
and growth factors but calcium hydroxide is the most important. Since its establishment in the 1920s, one can achieve success in 80
- 90% after direct pulp capping. This success is the result of the cooperation of calcium and hydroxyl ions. While calcium ions have a
mitogenic potential to promote migration, differentiation and mineralization, the hydroxyl ions induce a high level of alkalinity to act
against inflammation and for the division of cells. But nevertheless, there is a great variety in the tissue reactions after the use of
different calcium hydroxide-containing suspensions or cements (1,3).

Objectives

Therefore it was the aim of this study to examine the effect of various calcium hydroxide-preparations on the viability of pulp
fibroblasts in cell culture and to compare these with those of other dental materials.

Material and Methods

Human dental pulp cells were obtained from non-carious, freshly extracted third molars and were cultured in D-MEM (PromoCell GmbH,
Heidelberg, Germany) containing 10% FCS (SIGMA-ALDRICH-CHEMIE GmbH, Taufkirchen, Germany) and 50 pg/ml Gentamycin
(Biochrom AG seromed®, Berlin, Germany).

Assay A:

The first assay was carried out with cells of the third passage in 96well culture plates (10.000 cells/well). Before the beginning of the
investigation, the cells were divided in two groups of equal numbers. One group was cultured with 10% FCS and the other with 0.1%
FCS only. After two days of adaptation the following materials were applied to the culture well directly:

Dycal® Ivory (Dentsply De Trey, Konstanz, Germany), Calxyl® red (OCO-Praparate, Dirmstein, Germany), zinc oxide-eugenol, a
glassionomer (Ketac-Molar® Aplicap®, ESPE, Seefeld, Germany) and the dentin adhesive (OptiBond Solo™, Kerr Corporation, Orange,
California, USA). Further a calcium hydroxide-suspension (0.001137 mg/ml Calxyl® red, pH 8.34) prepared before, was directly
supplemented to each well with 1.25 pl (2). The meduim was changed every second day. To measure the viability, the viability test
EZ4U (Easy for you, Biozol, Diagnostica Vertriebs GmbH, Eching, Germany) was carried out in this assay after 3, 6, 12, 24 and 48
hours and 4, 8, 16 and 32 days. The EZ4U test based on the use of tetrazolium salts and the viability is adequate to the extinction
measured at 450 nm (reference 620 nm) after four hours of incubation with the EZ4U substrate, wich was given into the culture well
directly.

Assay B:

The second assay was carried out with the cells of the fourth passage in 24well culture plates (30.000 cells/well). In comparison to
the first assay the cells were not divided in groups and got only 0.1% FCS over the whole period of 32 days. The materials tested
were the calcium hydroxide-containing ones of the first assay again: Dycal® Ivory (Dentsply De Trey, Konstanz, Germany), Calxyl®
red (OCO-Praparate, Dirmstein, Germany) and the prepared calcium hydroxide suspension (0.001137 mg/ml Calxyl® red), wich was
applied to each well with 2.5ul. As indicator for the viability, the EZ4U test was carried out in the same way as described above again
after 6, 12, 24 and 48 hours and after 4, 8, 16 and 32 days.



Figure 1: pulp fibroblasts and Dycal&reg Figure 2: pulp fibroblasts and Calxyl-
after 14 days in culture (assay B) suspension after 14 days in culture (assay
B)

Figure 3: pulp fibroblasts and Calxyl&reg
after 14 days in culture (assay B)

Results

Assay A:

Of all materials the pulp fibroblasts showed the lowest decrease in viability after the direct application of the prepared calcium
hydroxide-suspension followed by Calxyl® red and Dycal®. The remaining materials: zinc oxide-eugenol, the glassionomer and the
dentin adhesive were cytotoxic and reduced the viability of the cells in a short time. But regardless of the material applied, the
viability values were nearly always higher, if the cells got the 10% FCS-containing medium.

OD-value 3 OD-value
25 s = 25
2 24
151 16 1
14 .
0,5
0,5 A
0
O 4

0 3 6 12 24 48 4 8 16 32

hours/days
hours/days
mmm Dycal - 10% FCS — Dycal - 0,1%FCS mm Calxylsuspension - 10% FCS = Calxylsuspension - 0,1% FCS
—a—control cells - 10% FCS —x—control cells - 0,1 % FCS —e— control cells - 10% FCS —»—control cells - 0,1 % FCS
Figure 4a: mean values of the first EZ4U- Figure 4b: mean values of the first EZ4U-test

test (assay A), OD-value - extinction at 450 (assay A), OD-value - extinction at 450 nm with
nm with reference at 620 nm, Dycal®) reference at 620 nm, Calxyl-suspension


http://darv/testserver/TESTRN/IPJ/index.php?doc=picture&poster=226&file=abb01gr.jpg
http://darv/testserver/TESTRN/IPJ/index.php?doc=picture&poster=226&file=abb02gr.jpg
http://darv/testserver/TESTRN/IPJ/index.php?doc=picture&poster=226&file=abb03gr.jpg
http://darv/testserver/TESTRN/IPJ/index.php?doc=picture&poster=226&file=abb04gr.gif
http://darv/testserver/TESTRN/IPJ/index.php?doc=picture&poster=226&file=abb05gr.gif

5 OD-value 3 OD-value
25 25 — e,

S NS = N
1,5 15

1 1
0,5 - 0,5

0~ o] T I | T T r T T T T T

4] 3 6 12 24 48 4 8 16 32 0 3 6 12 24 48 4 8 16 32
hours/days hours/days

mmm Calxyl - 10% FCS

—e— control cells - 10% FCS

—= Calxyl - 0,1% FCS

——control cells - 0,1 % FCS

Figure 4c: mean values of the first EZ4U-
test (assay A), OD-value - extinction at 450
nm with reference at 620 nm, Calxyl® red

= ZnOE - 10% FCS
—s— control cells - 10% FCS

——ZnOE-0,1% FCS
—— control cells - 0,1 % FCS

Figure 4d: mean values of the first EZ4U-
test (assay A), OD-values - extinction at
450 nm with reference at 620 nm, zinc
oxide-eugenol
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Viability of pulp fibroblasts compared with
control cells after 32 days

Material
D-MEM D-MEM
with 10% FCS with 0.1% FCS
Calxyl suspension  103.8 89.6
Calxyl® red 102.5 10.9
Dycal® 4.7 5.0
Assay A (96 wel) zinc oxide-eugenol 0 0
Ketac-Molar® 0 0
OptiBond Solo™ 0 0
Calxyl suspension 149.6
Assay B (24 well) Calxyl® red 37.9
Dycal® 0

Table 1: Viability of pulp fibroblasts in comparison to control cells in % after 32 days
(the viability of the control cells was determined as 100%)

Assay B:

The result of the second assay confirm the first ones for 0.1% FCS. The calcium hydroxide-suspension and Calxyl® showed the
lowest decrease in the viability of the cultured pulp cells again, Dycal® exepted.


http://darv/testserver/TESTRN/IPJ/index.php?doc=picture&poster=226&file=abb06gr.gif
http://darv/testserver/TESTRN/IPJ/index.php?doc=picture&poster=226&file=abb07gr.gif
http://darv/testserver/TESTRN/IPJ/index.php?doc=picture&poster=226&file=abb10gr.gif
http://darv/testserver/TESTRN/IPJ/index.php?doc=picture&poster=226&file=abb08gr.gif

OD-value
3.5

hours/days

Dycal - 0,1% FCS B Calxylsuspension - 0,1% FCS|
[ Calxyl - 0,1% FCS —e— control cells - 0,1% FCS

Figure 5: mean values of the second EZ4U-
test (assay B), OD-value in extinction at 450
nm with reference at 620 nm

Discussion and Conclusions

The results show that there is a great difference in cell viability based on the materials tested but also on the growth medium used.
So, independent of the material applied in the first assay, the viability values (OD-value) were nearly always higher, if the cells got
the 10% FCS containing medium. This was probably due to the unknown level of growth factors and other important nutrient
supplements in the serum. But nevertheless only these cells were viable over the whole peroid, wich got the calcium hydroxide-
containing materials. The other materials were cytotoxic, because their application led to a rapid decrease in viability after a short
time. As described above, there are different tissue reactions to different calcium hydroxide-containing materials. So in the first assay
the calcium hydroxide-suspension will show the lowest decrease in viability followed by Calxyl® and Dycal®. To check the results of
the calcium hydroxide-containing materials again, a second assay was carried out. Here we used 24well culture plates, because in this
way a greater number of cells would get more place to react with the material applied. The cells also got only the 0.1% FCS
containing medium to take away the influence of highly concentrated growth factors and other supplements. At the end of the study
the results were comparable to those of the first assay. So, the calcium hydroxide-suspension treated pulp cells showed the lowest
decrease in viability again followed by Calxy®, but with the exeption of Dycal®.

It was concluded that the direct application of aqueous calcium hydroxide-suspension was the best to save the viability of the
cultured human pulp fibroblasts in this study.
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e D-MEM - Dulbeccos modified Eagles Medium

This poster was submitted by Dr. med. dent. Nicole Korneli.

Correspondence address:
Dr. med. dent. Nicole Korneli
Kaitzer Strasse 135

01187 Dresden

Germany


http://darv/testserver/TESTRN/IPJ/index.php?doc=picture&poster=226&file=abb09gr.gif
mailto:nkorneli@web.de
mailto:nkorneli@web.de

Poster Faksimile:

Pulp fibroblasts and dental materials — an In-vitro-Study

Kornell, N.; Preuiker, S.; Klimm, W,
Universitatsklinikum Carl Gustav Carus der TU Dresden, Poliklinik fiir Zahnerhaltung

Intreduction and Objectives:

Reparitive dnrubmmmu tha basic mechanism o mpar dantin delects aler injury or arificial expostion. In laul'., nubilhmlwam have e potential
1o change Info odontoblast like calls in order 1o produce reparative dentine fo consenve the darral pulp, To reat axpo “&1 vatious donial materials
can bo usad spch as cakium hydeoside, cyanoacrylate, mineral trioxde aggregata, adm-\maa and owth famrs but um hydrowde is the mos!
UTgartant. Since its establishment in the 1930°s, one can achieva Sucoess in 8 CappIg lusl-&r This Succnss is tha result olma
cotpacation of caltium and lqmlmnyl inrg, While calchum ions have a mitogeni 1 l\o pmmnla migration, dffarentiation and mineralization. the
hydrouyl ions induca a kagh level of alkalingy mmagalmtﬂmammahm urﬂm mlmnl calls . But nevarthalass, thare is & great vanety in e tissue
reactions after the use of diferont calcium hydreside contal nag SUSPnRSING = {1, 3

Tharafors, it was H'ls aim of tha study to examine the effect of vanious Dslnlum nyumlda-nreuarmnsm the vability of pulp ficrotdasts: in call culiure
and b compisne theso wh those of athor Gartal mabarals

Matarial and Method:

Human dental puip calls wera cbiained from non-caniows, freshly extracted thind mokars and were culbured in D-MEM
{MIMB dsed Eagles Medium, PromoCell GmbH, Heldetbéfg Germany} containing 107 FCS (Fotal call
Bmiﬂ G ﬂ HEMIE GmbH, ‘I'wﬂurd:m,ﬁamwrﬂ B ppmi Clartamspcin AG seromed®,
armm

: irst assar wias carmod out with colls of 1he thed passage in 96well culture plates f,'l{) 000 callsiwall). Bafora
he&ian of the investigation, the calls wara divided in two groups of aqual numbars e groug was cultured
ﬂ_'; Aa a-ﬂndllheummnmmsmmacmumnrmmm mmnuiw;womphuﬁ
cuttura wall directhy:
WM(D&W?N Tray, Kanstanz, Garmpn C-aJ fodlDCO-Pranm Dirmistnin, Gmm‘] zmcewda
?nm Molar® Aplicap®, aia, Ganmany) and the dantn sve [Ophio
Salo™, Herr cn Enge, Califemia, LESA). anar s cal-:wn nyam:ma !uspanslnn 00011:!?mg.|'ml
Caboy® rBd.pH 843 anamdb-afuna was dlmcﬂrsuwh wall with 1.25 pi [2; madium was
changed aval 2‘ maasura the viabiilty, e wability haal EEALJ {Easy lor you . Dimgnostica
\Jurb'iubIGmbH E ) wars carind cut in this iwr 1? 24:-16 haursanuq-ﬁ 1Guna =
d%u uga of latrazoium sefts gnd e ExlinCHon measi - v
Il A50 fim tl\eﬂamﬂm GG nmJ alnarlour nours of incubaton with m EZ LI SLbE Ie, M Wil givan b I'M -—""h -___.u:'

mmm WHS CAmied out with the calls of tha fourth passage in 24well ¢ chsnes[an.uwmmwu.
I Comyarison 1o rlmnssaymuusmunmwuﬂmgrnmﬁmwmm% avar fa whoks pariod
En‘s?da D'I;h_ai_mmznal lanm%m n;l ml mmagntalnhgunascg?mnm agl:a't#?gmﬁlmry
rey, Konslang, Germany, f raparate, Dirmsiein, Gesrany) a propared
|deaoluum(0ﬂ0113?mgﬂﬂ% mmapmdluauhmllm?ES |, As indicator

th vistslity, e EZAL tesl was wmdmtlnmumemssﬂmﬁhwmwmmm and 48 hours
unnH B, 16 and 32 days

Results:

=

N & o e Tha

Assay A:
&-Hdnm m“mhmﬂhmn-mﬁhmn‘:—hﬂ, I‘q:!muhl'.l:-ml:l ".z_c-bq!uan:‘nx:-ﬁ :!nm“

Ty TEp——

Figan dar, Fets st L v o

e o el e e e

118 L 1 1 et e

Discusslon and Conclusions:
Tha rasults show that thara is a graat diffarance in coll viability based on the materals essed but also on the growsh misdium wsed. So, independart of
the mabaral aﬁ:ecl in mehrstusay e waﬂllhy\-aluae [Ob-wueaj wWare naan_!' slmys highar, if the cells got tha 10% FCS contalning madium. This
unkncwn livid of growth factons and alher imponan uw @inents in the serum, Bul naverthalass only 1 callg were
Iilu\lapeﬂud, ch got the catzium hydroxide c:nnl:alnlrgmmam othar matanials ware cylotoxic, becausa their apphication tad o
amptdﬂecmsaln vighility aifer n shod time, A% describod above | tenn are cﬁ"mnthasw raactions to diferan calcium hydroside-contaning materials.
So, In the firsl assay the calclum hvdruxlds sUsQansion will show tha lowest decraase in viability followad by Calx a.nd Dygat®
'lo chock the rsults of the calcium hﬂlromﬂo containing materials, 8 second assay was caried oul Hara- Wi um 24 uall culure plates, because in
u;wwaﬁn reatar numbar of calls would aatmwnhuswrmwﬂh:hsmmana]a pplied. The cells also got only the 0. 1% FCS gontaining modum 1o
take away e inflsence of highly concentrated growth 1actors Bnd othar supplaments. Al tha end ol tha i reslm wera comparsbia o those of
tha first assay. So, tha calcium hydroxide suspension showad the lowest decrease in viabilty again followad by(:u.lnﬂ" but with the eeception of Dyca,
It was conciudad that na deact application of Bqueaus calcium hydroekde suspansions will show tha lowest decrease In viabilty of human puip Roroblasts.




	Pulp fibroblasts and dental materials - an In-vitro-study
	Introduction
	Objectives
	Material and Methods
	Results
	Discussion and Conclusions
	Bibliography
	Abbreviations


