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I. INTRODUCTION 

Until the early 1960's, complete denture prostheses were the only treatment 

o·ption for ede_ntulous patients. Since dentures depend on the re~ain~_ng alveolar ridge for 

stability, patients with severe resorption ofthe alveolar ridge, especially in the mandible, 

often function with an unstable deilture. Denture instability may negatively impact patient 

phonetics, mastication and self-confidence:_· 

Dental implants offer a treatment modality for edentulous areas of the mouth to 

~upport complete or partial dentures. 1 Long-term studies have demonstrated high success 

rates with implant treatment,2
'
3 and dental implants provide added advantages such as 

support and stability A to the previous treatment methods, and improve the quality of life 

of the patients: 5 

Several, materials have been utilized for dental implants. However, few materials 

have achieved biological acceptability and anchorage with the alveolar bone as much as 

commercially pure titanium and titanium alloy. 6 Gold and casting alloys have been used 

as implant materials but their us~ resulted in a loose fibrous anchorage and in the loss of 

the implant. 7 The use of titanium and titanium alloy materials, on the other hand, results 

in a firm bone anchorage. This anchorage has been termed osseointegration by 

Branemark and co-workers. 8 
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OSSEOINTEGRA TION: 

Branemark has defined Osseointegration as a direct structural and functional 

connection between ordered, living bone and the surface of a load-carrying implant. 8 The 

maintenance of this osseointegration is essential to the long-term retention of the dental· 

implant. If this implant-to-bone anchorage is compromised, complications such as 

abscesses and loss of bony support may occur and lead to implant failure. 9 

· COMPLICATIONS WITH DENTAL IMPLANTS: 

The successful placement of the dGntal implants reqmres meticulous surgical 

technique. Early (6-9 months) complications may result froin non-sterile placement, 

overheating the bone during site preparation or injury to adjacent nerves. 10 Late 

complications ( after the implant has been in use for a period of time) can occur for 

varying reasons. 11 Smoking .can negatively affect host response and compromise the 

results. Poor oral hygiene can also lead to implant failure· by a disease process similar to 

periodontitis. This disease process around implants has been termed peri-implantitis. 12 

Peri-implantitis often leads to loss of surrounding bone, implant loss, and possible failure 

of the prostheses. Implant loss is a disheartening experience to the patient and practitioner 

because it requires consideration of alternative treatment options and additional time or 

expense. 
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In peri-implantitis, progressive loss of bony attachment to the implant surface and 

bone resorption is evident. One of the factors directly responsible for bone resorption is 

the bacteria associated with implant failure. Studies have shown similarities in bacteria 

associated with teeth and implants in both health and disease, in pertially edentulous 

patients. 13 It is accepted that gram-negative bacteria are important etiologic factors in 

both periodonti_tis and · peri-implantitis. 14 Mombelli et al. compared clinical and 

microbiological findings related to healthy and failing implants. Unsuccessful implant 

sites harbored a co~plex microbiota with a large proportion of gram-negative anaerobic 

rods, such as black pigmented Bacteroides (BPB) and Fusobacterium species. In healthy 

control sites, the predominant morphotype was coccoid cells. Spirochetes were not 

pre~ent, and fusiform bacteria and motile artd curved rods were found infrequently. 

Becker and coworkers9 analyzed the microflora of 36 failing implants in 13 patients using 

DNA probes and identified hi$h percentages of Actinobacillus actinomycetemcomitans 

(Aa) Porphyromonas gingivalis (Pg), and Prevotella intermedia (Pi). 

In periodcintitis and peri-implantitis, bacteria generally have direct contact with 

the tooth or the implant surface. Living gram-negative bacteria exert their effects on the 

neighboring environment through the secretion of toxins called -exotoxins-, they also 

release a toxic substance when they undergo lysis called -endotoxin-. This endotoxin is 

known as lipo_polysaccharide or LPS and is bound to the bacterial cell wall. 15 
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LIPOPOL YSACCHARIDES, CHARACTERISTICS AND BIOLOGICAL EFFECTS: 

Lipopolysaccharide (LPS) is a component of the cell wall of the gram-negative 

bacteria. It is composed of 3 distinct units 16 (Figure-]): a phospholipid called lipid A, 

which is responsible for the toxic effects, 17 a core polysaccharide (R-Polysaccharide) of 5 

sugars linked through ketodeoxyoctulonate (KDO) to lipid A and an outer polysaccharide 

(O-Polysaccharide) consisting of,up to 25 repeating units of 3-5 sugars. The length and 

composition of the O-polysaccharide vary from strain to strain and impact antigenic 

specificity to the bacterium, The R-polysaccharide on the other hand is believed to be 

group specific rather than species specific. 

LPS has been shown to initiate neutrophil migration and to cause an increase in 

the number of inflammatory cells. Its role in soft tissue destruction is well 

documented. 18
• 
19 It has been also found that a concentration of O .1 µg/ml of LPS will 

stimulate significant resorption of bone in vitro. 20 LPS can stimulate macrophages to 

release prostaglandins in proximity of bone cells,21 stimulate B-lymphocytes to release 

osteoclast-activating factor,22 and potentiate bone resorption in the presence of 

prostaglandins.23 Maidwell-Smith et al.24 detected a concentration range· of 19-394 

ng/tooth of LPS when they looked at individual periodontally involved teeth whereas 

impacted third molars without contact with the oral environment shad a concentration of 

0-2.62 ng/tooth. Despite mariy studies on the biological effects of LPS, nothing is known 

about its effect on the adherence of bone cells to implant surfaces. 
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Figure 1. 

O-Poly8acch.arid.e 

R-Poly8accharid.e 

K..D.O. ---K.D.O. 

Lipid A 

Cell Wall 

Figure-]: The components of the LPS molecule: 0- and R- polysaccharides, 

ketodeoxyoctulonate (KDO), and lipid A. 
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LPS adheres to common dental materials used intraorally.26 Several studies have 

evaluated the adherence of LPS to different materials.25
'
26 Knoernschild and co-workers25 

exposed alloy discs. to specific amounts of E. coli L~S for 24 h ap.d eluted the discs in 

LPS-:-free water for another 24 h. The elution phase was repe·ated three more times 

changing the water every 24 h. Eluates were analyzed at 24, 48, 72, and 96 h for the 

concentration of LPS using the chromogenic Limulus Amoebocyte Lysate (LAL) assay. 

They found that the largest percentage of adhering LPS was eluted during the first 24 h. 

However, after 96 h, the total percentage of initially adhering LP.S which Was released 

was less than I%. Thus, 99% of the initial LPS remained attached to the gold alloy discs. 

Nelson et al. 26 used radiolabeled Porphyromonas gingivalis and Escherichia coli 

LPS for evaluation of LPS affinity to titanium -surfaces with different surface 

roughnesses. They confirmed the findings of Knoernschild that surface roughness and 

LPS type did not influence the adsorption or elution of LPS from the titanium surfaces. 

This study also confirmed that P. gingivalis and E. coli LPS both had a high affinity for 

titanium surfaces. 

Although LPS has also been associated _with periodontitis-affected root surfaces,27 

the adherence to root surfaces appears to be weak.30 Nakib and colleagues30 evaluated 

extracted human teeth immersed in E. coli endotoxin, with indirect immunofluorescen~e 

and autoradiography to measure endotoxin penetration int_o root cementum. They 

analyzed endotoxin bond strength to the root surface by tooth-brushing the immersed 

tooth for I minute. Most of the initially adhered endotoxin on the cementum surface was 
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removed allowing conclusion that the endotoxin adhered to the root surface without 

penetration into the cementum and the binding of this endotoxin to the root surface was 

weak. 

The role of attached LPS in impl~nt failure is unclear. Furthermore, the effects of 

· presence of this LPS on bony regeneration procedures around an implant are unknown. It 

may be suggested that LPS attached to the implant surface may interfere with adherence 

of the surrounding cells; especially bone cells. The attached LPS may alter the function of 

these· a,djacent cells thereby preventing their adherence to the implant surface. Such 

interference may impede the repair of bony defects around ailing implants. 

The 1?iological activity of LPS, either in solution or immobilized on polystyrene 

discs has been investigated by the work of Nakatomi and coworkers.41 They have shown 

that attached LPS and LPS in solution possessed biological activity able to affect adjacent 

neutrophils. However, the immobilized LPS acted on the neutrophils by a mechanism 

different from that of LPS in solution. 

In this project, the effect of LPS, immobilized or in solution, on osteoblast 

attachment to titanium discs was evaluated. Cellular attachment was measured indirectly 

by measuring an indicator for the viability of the adhered cells on the discs. This 

attachment was challenged with LPS using different approaches. In one approach the 

LPS was allowed to adhere onto titanium or titanium alloy discs and then the cells were 

seeded and allowed to attach. In another approach, the cells were exposed to LPS and 
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then allowed to attach on LPS-free discs, and in the last model, the cells were allowed to 

adhere onto the discs and then exposed to LPS. Cellular attachment in this work refers to 

the viable cells that remained attached to the substrate material after several rounds of 

washing with different solutions. 

HYPOTHESIS: 

We hypothesized that the presence of LPS on implant surfaces would inhibit 

adherence of bone cells to these surfaces either through altered attachment or alteration of 

cellular function. 

SPECIFIC AIMS: 

The specific aims of this project were to determine: 

1) If implant alloy surfaces that were contaminated with LPS altered the adherence of 

osteoblast-like cells. 

2) If pre-exposure of the osteoblas_t-like cells to LPS altered their adherence to implant 

surfaces. 

3) If the exposure.-·of _the osteoblast-lik~ cells to LPS post-adherence had an effect on 

cellular attachment. 



II. MATERIALS AND METHODS 

CELL LINES AND CULTURE CONDITIONS 

CELLS 

The MC3T3-El osteoblastic cell line, a well-characterized, mouse-derived cell 

line was used.31 MC3T3-El cells are commonly used to study the behavior of bone cells 

in relation to the implant surfaces. This cell line will, under the correct conditions, form 

_a mineralized matrix, has a, stable phenotype, is responsive to LPS,32 and was available 

in sufficient numbers to perform the experiments. Primary cultures of osteoblasts were 

not used becaus~ of the difficulties in achieving sufficient numbers of cells. It has been 

also suggested that primary cultures of bone forming cells retain their osteoblastic 

phenotype for relatively short periods of time and their expression of osteoblastic 

features is decreased with each passage.28 

·CELL CULTURE 

The MC3T3-El osteoblasts were provided by Dr. Tom Hanks from the 

University of Michigan. They were maintained in culture medium recommended by Dr. 

Hanks (Table-I). Cells were incubated in 75 cm2 flasks (Costar Corp, Cambridge, MA) 

and subcultured at 3-4 day intervals. 

9 
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Table-I 

MC3T3-El medium composition· 

Ingredient 

Alpha modification of Eagle's medium 

(oc MEM) 

Glutamine, nucleosides. 

10% Fetal Bovine Serum (FBS) 

Penicillin (100 units/ml) 

Streptomycin (1 00µg/ml) 

Ghitamine 2 mM 

Source 

Life Technologies, Grand Island, NY 

Life Technologies, Grand Island, NY 

Life Technologies, Grand Island, NY 

Life Technologies, Grand Island, NY 

Life Technologies, Grand Island, NY 

Life Technologies,·Grand Island, NY 
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DENT AL IMPLANT MATERIALS 

In an effort to mimic ~linical use, commercially pure titanium (CPT) and titanium 

alloy (TiAlV) (Table II) served as the implant materials since they are the most 

commonly used dental implant mat~rials. 33 Round discs 12.7 mm in diameter and 1 mm 

thick W(?re prepared from a stock rod (TicoTitanium, Inc., Farmington, MI) using an 

Isomet Saw (Boehm CO., Bethel, Conn). The discs were then polished by.hand with 600-

grit sandpaper, and were subjected t? solvent clean~ng in methyl ethyl ketone for 15 

minutes to remove any fatty residues on the surface followed by triple-distilled water 

washing. The discs were then exposed to 17 .5% nitric acid (H2NO3) (Fisher Scientific, 

FairLawn, NJ) for 15 minutes to remove any organic materialsfrom the surface, this was 

followed by exposure to 1. 7% hydrofluoric acid (HF) (Fisher Scientific, FairLawi;i, NJ) 

for 30 seconds to acid etch the surface, with triple-distilled water washing in between.34 

Finally, the_ samples were washed 3-4 times with sterile, LPS-free water under aseptic 

conditions, dried at 60° C and stored in a biologic incubator (37° C, 5% CO2) until used 

in the experiments (less than 1 week). 

BACTERIAL LPS 

Although it would have been more clinically relevant to use an LPS derived from 

a bacterium directly associated with peri-implantitis, only E. coli LPS was available in 

sufficient quantities for this project. E. coli LPS (serotype 026:B6, Sigma Chemical CO., 

St. Louis, MO) has similar adhesion characteristics to P. gingivalis LPS,26 and it also 

shares some of the biological effects on several cells.35
•
36 An initially high concentration 

(1 00µg/ml) was used as a worst case scenario to try to detect effects. 
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Table"'."II 

Composition of the used implant materials 

Commercially Pure Titanium (CPT) Titanium Alloy (TiAlVJ 

Iron 0.09% Aluminum. 6.5% 

Oxygen 0.14% Vanadium 3.94% 

Nitrogen 0.011% Iron 0.26% 

Carbon 0.02% Oxygen 0.17% 

Hydrogen <0.001 % Nitrogen 0.013% 

Residual elements total <0.4% Carbon 0.012% 

Titanium Remainder Hydrogen <0.005% 

· Yttrium <0.005% 

Residual elements total<0.4% 

Titanium Remainder 
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EXPERIMENT AL PROTOCOL 

The following tests and assays were used to measure viabiiity of the adhered cells, 

the TNF-oc released by human monocytes, and the LPS present in the medium used~ 

CELLULAR ATTACHMENT ASSESSMENT 

A histochemical stain, MTT (3-[ 4,5-d~methylthiazoyl-2-yl]-2,5-diphenyl 

tetrazolium bromide), was used (Sigma Chemical CO., St. Louis, MO) to measure 

succinic dehydrogenase (SDH) activity of cells. Active SDH converted the MTT to a 

colored· formazan insoluble in aqueous solution. The staining of cells was limited to the 

viab!e cells adhered onto the disc surface. Control experiments showed that none of the 

materials used in these experiments caused false positive staining. Furthermore, since the 

SDH enzyme is present in the mitochondria of the cells it did not cause cell staining if the 

cell was non-vital. This technique has been _shown to be simple, accurate, inexpensive, 

and reproducible.37 

To ensure that only .adhered cells remained on the disc surface; un-adhered cells 

were removed using triple washing several times during the MTT processing. The 

medium was r~moved from the wells containing the cells and discs, and the discs were 
;: 

triple-washed with phosphate ~uffered saline (1 ml/well). The discs ~ere then moved to a 

new 24-well plate. MTT (0.5 ml) was added to each well and the plate was incubated for 

1 h in a 37° C incubator (5% CO2 +air). Tris-formalin (0.5 ml) was added to each well to 

fix the cells. After 1-2 minutes, the solution was removed and the discs were lightly dried 

then triple-washed with distilled water (lml/well). Finally, 0.5 ml of dimethysulfoxide 

(DMSO) was added to each well to dissolve the formazan, swirled gently for 1 minute, 
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and then 200 µl of the colored solution was transferred to a 96-well plate. The plate was 

read at 562 nm wavelength in a spectrophotometer (Molecular Devices, Menlo Park, CA) 

to quantify the amount of formazan present. 

TNF-cc DETECTION KIT- ENZYME-LINKED IMMUNOSORBANT ASSAY 

THP-1 human monocytes (A TCC TIB 202, Rockville, MD) were used to evaluate 

LPS activity. These cells are known to produce tumor necrosis factor-oc (TNF-oc) i~ 

response to an LPS challenge. 38 This assay employs th~ quantitative sandwich enzyme 

immunoassay technique. The providing company (Quantikine, R&D Systems, 

Minneapolis, MN) has determined the specificity of TNF-oc against many other 

potentially interfering molecules. This kit is capable of detecting picagram levels of TNF

oc in a given sample. A ~onoclonal antibody specific for tumor necrosis factor alpha was 

pre-coated onto a microplate. Standards and samples were pipetted into the wells and any · 

TNF-oc present was bound by the immobilized antibody. After washing away any 

unbound antibody, an enzyme-linked polyclonal antibody specific for TNF-oc was added 

to the wells. Following a wash to remove any unbound antibody-enzyme reagent, a 

substrate solution was added to the wells and color developed in proportion to the amount 

of TNF-oc bound in the initial step. The color development was stopped and the intensity 

of the color was measured with a spectrophotometer at 450 nm. The· standard curve for 

this kit is depicted in Figure 2. The diluent was used as a blank control and TNF-oc 

standards were made from a stock concentrate supplied in the kit. 



15 

LPS DETECTjON KIT 

This kit (Bio Whittaker, Walkersville, MD) has been developed from the work of 

Bang and Levin. 39 Bang noticed that a gram-negative infection of Limulus polyphemus, 

the horseshoe crab, resulted in fatal intra-vascular coagulation. He later demonstrated 

with Levin that this clotting was the result of a reaction between eridotoxin and a 

clottable protein in the circulating amebocyte·s of Limulus. This Chromogenic Limulus 

Amebocyte Lysate assay is a product of that work and was used to detect LPS presence in 

medium and solutions used. The test is very sensitive for endotoxin and can detect 

picogram quantities of LPS per ml. The test, however, is not specific for LPS and a 

positive reaction can be induced by a number of other substances including thrombin, 

thromboplastin, ribonucleic acids and ribonuclease. The Chromogenic LAL test is a 

quantitative test for gram-negative bacterial endotoxin. A sample was mixed with the 

LAL supplied in the test kit and incubated at 3 7°C for ten (10) minutes. A substrate 

solution was then mixed with the LAL- sample and incubated at 3 7°C for an additional 

six minutes. The reaction was stopped with stop reagent. If endotoxin was present in the 

sample, a yellow color developed. The absorbance of. the sample was determined , 

spectrophotometrically at 405-410 · nm. The standard curve for· this kit is depicted in 

Figure 3. 

SCANNING ELECTRON MICROSCOPE 

SEM images were used primarily in a qualitative manner to verify the presence of 

cells and observe morphology of adhered cells. This verification was necessary since 

light microscopy was not able to see cells on the opaque metallic discs. 



Figure 2. TNF-alpha standard curve. Y=0.0024X-0.0512 
R2 =0.9851. 
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Figure 3. Limulus Amebocyte Lysate standard curve. 
Y=0.0014x + 0.0102, R2 = 0.9861. 
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Samples were prepared for SEM by fixing in 1-2% Glutaraldehyde overnight. 

Samples were then rinsed in 0.1 M cacodylate buffer (3 changes), and were dehydrated 

sequentially in 50%, 70%, 95% and 100% alcohol for 30 minutes each. The last step was 

repeated 3 times, changing the solution each time. Samples were processed for critical 

point drying (30-40 minutes), then mounted on a special mount. Next, samples were 

gold-coated and SEM micrographs were taken at 450-480X magnification. 

EXPERIMENTAL PROTOCOLS 

Three experimental protocols were designed to address the specific aims. 

Polystyrene discs (12.7 mm in diameter, Fisher Scientific CO., Newark, DE) were used 

as a positive attachment control in all experiments, and polyvinylsyloxane discs were 

used as the negative attachment control. Disc diameter was the same for all materials 

used. All parameters such as the number of cells used and the time used for incubation 

with the discs or with MTT were determined from pilot studies to give an adequate 

optical density ·signal for SDH activity. 

Experimental protocol # 1: DISCS+LPS Then CELLS 

Each CPT or TiAlV disc was placed in a well of a 24-well plate and was incubated 

with I ml of I 00 µg/ml of E-coli LPS for 24 h. The disc was moved to I ml of LPS-free 

water and left for "24 h to allow any unattached LPS to come off. The last step was 
~ 

repeated 4 times for a total of 5 days of elution. The amount of eluted LPS at each time 

point was assessed using the LAL assay. The discs were then dried in an incubator (37° 

C, 5% CO2 + air) for 24 h or until used in the experiment. 
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To test for cellular adherence, cells were removed from flasks usmg 0.05% 

trypsin + 0.53 mM EDTA, re-suspended in complete medium and counted on a 
_,.} 

hemocytometer. Cells were then plated· on the discs (n = 6) at a density of 50,000 

cells/cm2 in 24-well plates and left to attach for 24 h. After 24 h, the succinic 

dehydrogenase activity was assessed using the histochemical stain MTT. 

Confirming the presence ofresidual LPS on the discs surface: 

After the 5-day elution period, discs (n = 4) were placed in I ml of LPS-free water 

in ~ 24-well plate. The plate was then placed in a Vortex (Fisher Scientific, FairLawn, 

NJ) .for 4 minutes (300 rpm) and a sample of the resultant suspension was evaluated for 

the presence of LPS. The plate with the residual suspension was placed in an ultrasonic 

cleaner (Branson 5200, Bransonic, Shelton, CT) for 4 minutes. The resultant suspension 

was evaluated for the presence of LPS as well using the LAL assay. Control discs were 

fresh discs with no previous LPS exposure. 

Confirming the activity ofthe attached LPS: 

After the 5-day elution, the discs were incubated with THP-1 human monocytes at 

a concentration of 125,000 cells/cm2 and put in a biologic incubator (37° C, 5% CO2). 

After 24 h, the medium from around the discs (I ml) was centrifuged (2 min X 4000 rpm) 

and 800 µl of the supernatant solution was frozen for future evaluation for the presence of 

TNF-a using a commercially available EIA kit. THP-1 cells are known to respond to LPS 

stimulation by producing TNF-a. Negative controls were LPS-free discs, positive 

control~ were known LPS concentrations (n = 4 ). 
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Experimental protocol #2: CELLS + LPS Then PLATE 

After the cells were re-suspended in complete medium and counted · on a 

hemocytometer, LPS was added to achieve a final concentration of 100 µg/ml in a plastic 

tube. The cells remained in contact with LPS under constant gentle shaking for 20 

minutes. The cells were centrifuged ( 4 min X 6000 rpm) and re-suspended in complete 

medium then plated on the discs (n = 6) at a 50,000 cell/cm2
. The discs were not pre- · 

exposed to_ LPS. The cells were allowed to attach for 24 h and then the succinic 

dehydrogenase activity was assessed. Control group for LPS was subjected to the same 

treatment without the· addition of LPS. Control group for shaking was not exposed to LPS 

nor subjected to shaking. Positive controls were PS discs and PVS discs served as 

negative control for attachment. 

Experimental protocol #3: DISC + CELLS Then LPS 

Cells were incubated with discs at 50,000 cells/cm2
, with no pre-exposure to LPS, 

and left 24 h to attach. Then, 10 µl of a 1 0mg/ml LPS solution was added to each well for 

a final concentration of 100 µg/ml per well and left for an additional 24 h. Then the 

succinic dehydrogenase activity was assessed. Negative controls were PVS discs, positive 

controls were_ PS discs (n = 6). 
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STATISTICAL ANALYSIS: 

Six· samples per condition were used. In past experiments, six samples have 

provided ample statistical power to see a difference of a1?out 10% in conditions using the 

MTT test. 

Conditions were compared by expressing the MTT activity-as a percentage of the 

polystyrene or Ti discs without LPS then using one-way ANOV A with Tukey multiple 

comparison intervals ( oc=0.05). 



III. RESULTS 

CONFIRMING THE PRESENCE OF RESIDUAL LPS ON THE DISCS SURFACE 

LPS adhered tenaciously to the discs. After the first 24 h, only about 10% of the 

initially adhered LPS was eluted into LPS-free water. LPS release from the discs was 

lowest after the 5th day of elution (Figure 4). Vortexing for 4 min at 300 rpm failed to 

release any adhered LPS. However, ultrasonic treatment for 4 min demonstrated the 

presence of high ·amounts of adherent LPS that failed to elute during 5 days of passive 

wa~er exposure. The CPT behaved similarly to the TiAlV discs. 

CONFIRMING THE ACTIVITY OF THE ATTACHED LPS 

Adherent LPS retained some biological activity (Figure 5). LPS on TiAlV had a 

stronger effect on the surrounding THP cells, and reached statistical significance when 

compared to the alloy discs without the LPS (n = 3, ex: = 0.05, ANOV A, Tukey) or. the 

LPS on the CPT discs, which was not statistic.ally significant. However, some activation 

of monocytes by the CPT discs was suspected. 

MTT CONTROL EXPERIMENT 

Without cells,, none of the materials (PS, PVS, LPS, TiAlV) by themselves caused 

the conversion of MTT to its formazan form, thereby giving a false positive. The positive 

control with cells ·showed formation of the formazan as expected, Figure 6. 
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Figure 4.Passive LPS elution from TiAlV and CPT discs over 5 days 
and using Vortex and Ultrasonic (US). The eluting solution 

(LfS-free water) was changed every day. 
Groups A and a had statistically significant differences from 
groups B and b, respectively (n = 4, ex:= 0. 05). · 
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Figure 5. Response of monocytes (THP-1 cells) to 
LPSattached to TiAlV and CPT discs. 
(n ~- 3,. oc = 0. 05) 

A: TiAlV discs without LPS 
B: TiAlVdiscs exposed to LPS and eluted for 5 
days 

C: CPtdiscs without LPS 
D: CPT discs exposed to LPS and eluted for 5 
days 

Groups A and B_.had s_tatistically significant 
differences, while groups C and D differences 
did not reach statistical significance, although a 
difference was suspected. All four groups were 
different from the no disc groups (cells only). 
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Figure 6. Results of MTT control .experiment with the 
materials used: TiAlV, Polystyrene (PS), 
Polyvinylsyloxane (PVS), and 
Lipopolysaccharide (LPS). These groups were 
compared to PS discs with attached cells. The 
PS+cells group produced a significantly 
higher MTT conversion when compared to the 
other groups . (n=4, oc=0.05). 
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Experimental protocol #1: DISCS+LPS Then Add CELLS: 

LPS adhered to the discs had no effect on the attachment behavior of the 

osteoblasts, whether ·CPT or TiAlV discs were used (Figure 7). Attachment to PVS was 

significantly lower than the other groups (n = 6, ex: = 0.05). There was no statistical 

difference between the succinic dehydrogenase (SDH) activity response to CPT or TiAlV 

with or without LPS, nor there was a difference between all four of the former categories 

when compared to the PS discs. Power tests indicated a ~ = 0.80 to see 10% difference if . . ' 

ex: ~'0.05. 

Exp€rimental protocol #2: CELLS+ LPS Then PLATE onto_ Discs: 

The exposlJre of the osteoblasts to LPS prior to plating them on the discs did not 

alter their attachment behavior on either CPT ·or TiAlV (Figure 8). The PS discs, the CPT 

and the TiAlV discs behaved similarly with no statistically significant differences 

between them (groups A, C and D). Also, there were no differences (n = 6, ex: = 0.05) 

between SDH _activity from the group were the cells were pre-exposed to LPS and the 

group w~re the cells were not pre-exposed to LPS (groups A and B), and both were 

subjected to 20 minutes shaking. When looking at the effect of shaking, there was a 

statistically sigt1ificant decrease in the SDH activity when the cells were subjected to 20 

minutes shaking (groups B and C), at the cx::=0.05 level. These results were true on CPT 

as well as on TiAlV discs. 



Figure 7. MC3T3-El attachment behavior on TiAlV and 
CPT discs. Discswe~e exposed to E. coli LPS 
for 24 hand eluted for 5 days. The LPS
exposed groups did not differ from the LPS-
free groups, and both of these groups did not 
differ from the positive control (PS + cells), 
they were however, different from the negative 
C(!ntrol group (PVS + cells). (n=6, cx::=0.05, 
Tukfy, ANOVA). 
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Figure 8. MC3T3-El were exposed to E. coli LPS for 20 
minutes (gentle shaking), then plated on 
TiAlV, CPT, PS, and PVS discs for 24 h. 
Groups: 
A: Cells+ LPS+ shake (TiAlV, CPT) 
B: Cells-LPS+shake (TiAlV, CPT) 
C: Cells-LPS-shake (TiAlV, CPT) 
D: Cells-LPS-shake (PS) 
F: Cells-LPS-shake (PVS) 
Group C represents a control group for 
shaking effect on cells: · 

Letters above bars represent statistical. 
analysis. (n=6, cx:=O. 05, Tukey, 
ANOVA).Different letters indicates 
statistically significant differences. 
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Experimental protocol #3: DISC+ CELLS Then Add LPS: 

Adding the LPS after the cells were allowed to adhere for 24 h had no effect on 

their adherence behavior (Figure 9). Both experimental groups (CPT and TiAlV) 

behaved in a similar manner when compared to the PS group. There were no statistically 

significant differences (n = 6, oc = 0.05) present between the PS group and the 

experimental groups; nor there was a difference between the two experimental groups 

when they were compared to each othec 

SEM findings: 

SEM microgr~phs confirmed the presence of ~dhered cells on the discs, CPT and 

TiAlV (Figure 10). The SEM also confirmed the presence of attached osteoblasts on 

TiAlV discs that were exposed to LPS but were not eluted for five days in an attempt to 

leave higher concentration of LPS on their surface, the results are shown in Figure 11. 



Figure 9. MC3T3-El attachment behavior on TiAlV and 
CPT discs with LPS exposure occurring after 
24 h of attachment. LPS exposure lasted 24 h. 
Positive controls were PS discs with cells, 
negative controls were PVS discs with cells. 
Letters above bars indicate statistically 
significant differences between groups. (n=6, 
oc=O. 05; Tukey, ANOVA) 
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Figure 10. SEM micrograph of MC3T3-El cells attached 
on LPS-free TiA!V discs. (50,000 cells/cm2

, 

490X). 



Figure 10. 
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Figure 11. SEM micrograph of MC3T3-El cells attached 
on TiAlV disc that was pre-exposed to E. coli 
LPSfor 24 h with no elution. (50,000 
cells/cm2

, 45 JX) 



Figure 11. 
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· IV. DISCUSSION 

The biological actions of LPS are mediated, at least in part, by both LPS-binding 

proteins and LPS receptors. Several LPS receptors as well as the serum LPS-binding 

protein (LBP) have been cloned and studied in detail. 40 There have been some 

suggestions in the literature that immobilized LPS might affect adjacent cells by a 

mechanism different from that of LPS in solution. 41 In our experiments, we tried to 

control for the possible effect of LPS in solution by eluting the discs for 5 days after their 

incubation with LPS. 

When evaluating the SEM micrographs it was apparent that the MC3T3-El 

osteoblasts adhered to the surface of the discs over 24 h, they were spread and 

pseudopodia were seen at high magnification·(Figure JO). Also, at 24 h, some cells were 

starting to divide as some mitotic figures were also observed but they were not common. 

The attachment of the cells was judged to be good based on their appearance from the 

SEM (Figure 10). 

WHAT IS ATTACHMENT? 

Adhered cells in the current project referred to cells that remained on the disc 

surface after an incubation period of 24 h or more and several washes with sterile PBS. 

The vitality of these cells was then determined assessing the succinic dehydrogenase 

activity in their mitochondria (MTT). 

33 .· 
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Zoller and coworkers 42 have used a similar approach when they evaluated the 

effect of saliva and serum on the initial attachment of human gingival fibroblasts to 

titanium surfaces. They used haematoxylin-eosin (H-E) stain to observe the attached 

cells, after washing _the samples three times with phosphate buffered saline to remove the 

unattached cells. Other studies 43 used immunofluorescence microscopy in conjunction 

with a specific antibody against specific adhesion protein like vinculin to evaluate the 

formation of focal contacts by osteoblasts on titanium surfaces. 

This project evaluated the effect of a surface contaminant on the attachment of 

osteoblasts and thus, it was.felt that an approach similar to the one used by Zoller et al. 

was adequate for the objectives addressed. The washing procedure using PBS was gentle 
. . 

enough not to rupture attached cells, and it was repeated three times so that cells that are 

not or loosely attached will be removed. An advantage of the stain used in this project 

(MTT) over the later study is that MTT can be an indicator of cell viability while the H-E 

stain does not distinguish between viable and nori-viable cells. 

WHY CELLULAR ATTACHMENT WAS NOT AFFECTED BY LPS? 

The lack of effect of LPS on osteoblast attachment was surprising. It is possible 

to speculate that the cells used in the current study were not responsive for LPS because 

they lacked the receptor fo~ it, but other studies have confirmed the responsiveness of 

MC3T3-El for LPS. 32 Thus, it is more likely that the cells responded but that the 

response did not affect cellular adherence to the discs. It would be interesting to evaluate 

the effect of LPS on other cellular functions. 
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For example, we did not attempt to see if osteoblasts wete able to form 

mineralized matrix ·under the LPS challenge. Also, other cellular functions need to be 

evaluated more specifically like nitric oxide production and proliferation. However, we 

did notice that these cells, after LPS addition at 24 h, proliferated over a second 24 h and 

the optical density measurement of the SDH activity nearly doubled_. 

Evaluating the distribution of the LPS on the surface of the discs is another 

critical factor in interpreting these experiments. The work of Knoemschild et al. and 

Nelson et al. 25
'
26 have confirmed the adherence of LPS to metal surfaces but they did not 

evaluate the distribution pattern of the LPS on these surfaces. It could be that LPS was 

distributed in a "patchy" manner that allowed the cells to adhere to LPS-free areas. 

Despite the difference in the mollecular structure of LPS, which has a lipid constituent, 

and protein, it is unlikely that the LPS formed a layer on the discs with no exposed metal 

because of previous work done by Williams et al. 44 The authors evaluated the· adsorption 

of protein onto surfaces of Ag, Au, and Ti and sintered Ag 10%-Ti and Ag 10%-Ta. They 

concluded that the adsorbed layer of protein varied across the heterogeneous surface of 

the materials used. The authors also suggested that the wettability of the surface and its 

charge are factors that affect protein adsorption. Thus, the current project cannot discuss 

whether cells adhered to LPS itse_lf, or LPS-free areas on the disc. 

When evaluating the effects of adhered LPS on THP monocytes, we noticed that 

th_e monocytes had a weaker response to the adhered LPS on commercially pure titanium 

discs when compared to their response to the adhered LPS on titanium alloy discs. The 
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work of Nakatomi et al. 41 has shown that adhered LPS on polystyrene or polypropylene 

discs activated neutrophils and induced up-regulation of CD 1 lb/CD 18 and enhanced the 

adhesive response of neutrophils. They did not however, quantitatively compare the 

response to adhered LPS to non-adhered LPS (LPS in solution). In the case of metallic 

surfaces, the surface charge should be considered. Differences in the composition of the 

metal substrate might influence the distribution and the spatial positioning of the LPS 

molecule, and ultimately, different receptors might be available for cell activation. We 

did not,. in this project, compare the difference of THP response to adhered LPS to non

adhered LPS in a quantitative manner. It is possible that adhered LPS is not as potent as 

the LPS in solution. This idea requires further investigation. 

It was impractical with the time allotted for this project to characterize the cells 

pre- and post- LPS challenge for their osteoblastic phenotype, nor was it feasible to use a 

primary cell line with LPS derived from a bact~rium more relevant to peri-implantitis. 

However, both ideas deserve further examination. 

STUDY WEAKNESSES: 

It would have been more clinically relevant to use a primary human osteoblasts in 

combination with LPS that is derived from a bacteria directly related to peri-implantitis. 

9,13 

One can speculate that human osteoblasts will behave in a similar manner to the 

cells used in this study despite the many differences between both types. 28
,
29 And 

since LPS molecules have similar structure, one can also speculate that LPS from other 
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gram-negative bacteria might behave in similar manner to the LPS used m this 

experiment. The study of Nelson et al. supports this idea.26 

CLINICAL IMPLICATIONS OF THE STUDY: 

It appeared that the presence of LPS on the implant surface did not significantly 

effect cellµlar attachment, using MC3T3-El osteoblasts and E. coli LPS. Nevertheless, 

this study will be _a foundation for future· work that could evaluate the later events and 

other effects and factors involved in the cellular attachment and mineralization behavior 

of cells on implants. 

If the presence of LPS on the implant surface was found to be of little importance 

when considering cellular attachment and mineralization, then one should keep in mind 

that decontamination of that surface might still be necessary, primarily to prevent LPS

mediat~d inflammatory changes associated with tissue destruction .. 

SUMMARY: 

Under the limitation imposed on this pr9ject, the data collected suggest that the 

presence of LPS does -not affect the adherence of the MC3T3-El osteoblasts to the 

surface of commercially pure titanium and titanium alloy discs. 
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