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INTRODUCTION 

A. STATEMENT OF THE PROBLEM 

Epidemiological studies suggest that as much as 50% of the population has 

some form of periodontal disease (Brown et al. 1986; Oliver et al. 1998). In general, this 

disease is characterized by a slowly progressive inflammation which results in the loss of the 

supporting structures of the teeth. Prior to the 1970's, periodontal disease was thought to be 

caused by an overall increase in the number of oral microorganisms. This concept was 

referred to as the nonspecific plaque hypothesis. Additional research has since concluded that 

specific groups of b_acteria are associated with particular periodontal disease processes, the 

latter being appropriately named the specific plaque hypothesis. The disease process is most 

accurately characterized as the destruction being caused by both bacterial plaque and the 

ensuing host immunological response. The relative importance of each of these components 

in this process has not been agreed upon in the literature (Offenbacher 1996). Significant 

additional host factors involved in periodontal disease progression may include systemic 

disease status, immunological competence and cellular repair capacity. Few investigators 

disagree, however, that bacterial plaque. and its metabolic by-products are the primary 

nonhost etiological cofactors in periodontal disease which must be altered in composition or 

removed if healing is to occur. 
J 
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The primary goal of periodontal therapy is to arrest the process of inflammatory 

attachment loss. An additional altruistic go~l of increasing· interest to both researchers and 

clinicians is the possible regeneration of the lost periodontal tissues. The reconstruction of the 

attachment apparatus includes the formation of new supporting bone, new cementum 

deposition on the root surfaces, and insertion of functional periodontal fibers in areas 

previously exposed to, or destroyed by, the disease process. The healing process requires the 

normal or healthy reaction of all periodontal tissues, including bone-forming osteoblasts. The 

inadequate removal or unsuccessful modification of the bacterial factor certainly has a 

deleterious effect onthis healing process. 

Most of the numerous nonsurgical and surgical therapeutic techniques currently 

utilized in the treatment of periodontal disease exhibit a high degree of success (Ramfjord et 

al. 1987; Meador et al. 1985; Kaldahl et al. 1996). Growth-promoting compounds such as 

bone morphogenetic proteins and transforming growth factor beta have demonstrated 

increased periodontal regeneration in experimental trials. Additionally, other chemical 

adjuncts to periodontal therapy such as antibiotics have shown some enhancement of clinical 

results (Drisko 1996). One of the most specific antibiotics for action against the suspected 

bacterial pathogens in periodontal disease is metronidazole. Oral dosing, topical application 

and slow-release methods of antibiotic delivery have been advocated with wide dose variances 

and often high concentrations of the drug at the healing sites. There has been little 

investigation· of the effects of these metronidazole concentrations on cells involved in the 

repair or regeneration of the periodontal tissues. The goal of this study is to evaluate the 
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effects of several clinically relevant concentrations of metronidazole on osteoblasts from 

murine bone cell cultures, in vitro. 

B. REVIEW OF RELATED LITERATURE 

METRONIDAZOLE 

The antibiotic QJ.etronidazole, 2-methyl-5-nitroimidazole-1-ethanol (Figure 1.), was 

initially developed in the 1950's to treat protozoan infections (Scully 1988). More recent 

publications indicate that it is also used in the treatment of anaerobic, parasitic, and 

nonspecific vaginal infections in addition to its use in the treatment of periodontal diseases 

(Smilack et al. 1991 ). Metronidazole, anitroimidazole compound, has low molecular weight 

(171.16 g/mole), is uncharged, and is relatively inactive in the unreduced form. Following 

oral administration of a·single 250 mg, 500 mg, or 2 gm dose ofmetronidazole to healthy, 

fasting adults, peak plasma concentrations of unchanged drug are attained within 3 hours and 

averaged 4.6-6.5 µg/ml, 1 i.5-13 µg/ml and 30-45 µg/ml, respectively (Amon et al. 1978). 

Prior to its degradation, the drug enters tissues, saliva, and can also be detected in the gingival 

crevicular fluid. The concentration. of metronidazole in the gingival crevicular fluid varies 

. . 

with assessment techniques, but generally correlates with serum concentrations . 

. ¥etronidazole accumulates intracellularly in susceptible organisms under anaerobic 

conditions. However, bactericidal action is d~pendent on the reduction of the drug at the 

nitro group. This reduction process also maintains a diffusion gradient into the cell. 
. . 

Reduction of the idrug occurs at a lo~ redox potential (Eh), and is possibly linked to the 

electron transfer protein ferredoxin, which is present in anaerobic bacteria. The actual 



Figure 1. 

Molecular structure of Metronidazole. 
(2-methyl-5-nitroimidazole-1-ethanol) 
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mechanism of action on the target cell involves the binding of reduced metronidazole to 

target DNA, causing strand breakage and d~stabilization of helix formation (Edwards 1977; 
' . 

Knight et al. 1978; Brogden et al. 1978; Gerding 1986). It is not known if osteoblasts can 

reduce metronidazole. 

Recent experimentation concerning toxicity of metronidazole on rabbit corneal 

epithelium in vitro showed both morphological chang~s and cell loss after one day of 
. . . .. 

incubation in. a medium' containing metrohidazole at concentrations greater than or equal to 

3 mg/ml. Metronidazole in the medium at 1 mg/ml did not show these toxic effects. The 'in 

vitro wound closure assay' demonstrated a significant delay was found in wound closure with 

metronidazole concentrations at or greater than 3 mg/ml (Hardten et al. 1994). 

METRONIDAZOLE AND PERIODONTITIS 

More than 300 species of bacteria have been identified in the oral cavity. The most 

probable scenario for the pathogenesis ofperiodontitis is a multibacterial colonization in a 

susceptible host. Attempts to establish the specific bacteria responsible for periodontitis have 

been impeded by collection and culture difficulties as well as the variable nature of humans' 

response. While most have not been proven to be directly pathologic to the oral structures, 

some anaerobic bacteria have been indicated in the initiation and progression of periodontitis, 

including the obligate anaerobes Prevotella intermedia, Porphyromonas gingivalis, 

Bacteroidesforsythus and Wolinella species. Facultatively anaerobic Gram- negative rods 

Actinobacillys actinomycetemcomitans, Capnocytophaga species and Eikenella corrodens 
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also have been suggested as periodontal pathogens (Frandsen et al. 1994 ). Many of these 

periodontal pathogens are susceptible to the antibiotic actions of metronidazole. 

Metronidazole is bactericidal at low concentrations for most anaerobes such as 

bacteroides, fusobacteria and treponemes. Susceptible organisms. are usually killed by 

concentrations of 4 to 16 µg/ml (Walker 1_985). After 3 days, patients receiving 500 mg 

q.i.d. had serum concentrations of 21.4 µg/ml, whereas subjects receiving 250 mg q.i.d. 

attained only 6 µg/ml (Van Oosten et al. 1987). The Physicians Desk Reference recommends 

7 to 10 days of drug therapy (250-500 mg t.i.d.) fotthe treatment of anaerobic infections 

(PDR 1995). A recent study by Pedrazzoli et al. found a mean inhibitory concentration 

inhibiting 50% of P. intermedia strains between O .5 and 1.0 µg/ml and the mean inhibitory 

concentration (50%)for P. gingivalis was approximately 2 µg/ml (Pedrazzoli et al. 1992). 

Therefore, the recommended systemic dosages of250-500 mg t.i.d. (approximately 5-20 

µg/ml serum and gingival crevicular fluid concentration) should consistently provide a 

therapeutic level of antibiotic within periodontal pockets, via gingival crevicular fluid, to 

inhibit a large n~ber of pathogens. 

It has been suggested recently that the reduction-oxidation potential of periodontal 

pockets that exceed 4mm in depth may be as low as -300mV, as compared to +200 mV in 

aerobically metabolizing tissues and +70 niV in the health):' gingival crevice (Ower et al. 

1995). It is conceivable, with significant concentrations of metroni_dazole in the gingival 

crevicular fluid, that the drug may be extracellularly reduced ( acting as an electron "sink") 

to an active metabolite and exert an effect on cells in the local environment. In aerobic 

culture, metronidazole in concentrations -of up t<? 2 mg/ml has shown little effect on 
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mammalian cells (Wittner et al. 1975). When cultured in hypoxic conditions (not unlike a 

deep periodontal pocket), plating efficiency of mammalian cells (Chinese hamster ovary 

cells) exposed to 29mM ( approximately 5 µg/ml) metronidazole dropped to 1 %, suggesting 

an increased toxicity of the drug under these conditions (Mohindra and Rauth 197 6). 

Metronidazole has been used in a variety of periodontal treatment regimes. When 

metronidazole was used solely as the treatment modality for disease, bacterial pathogens were 

usually suppressed, but not in the absence of adequate oral hygiene (Jenkins et al. 1989). . . 

Other clinical trials,have shown that drug therapy was inferior, or at best equivalent, to 

mechanical instrumentation {Lekovic et al. 1983; Lindhe et al. 1983). 
I 

Combined with conventional scaling and root planing, metronidazole therapy generally 

does not enhance clinical results when probing depths are 6 nun or less (Van Oosten et al. 

1987). This combi_nation therapy did not ~~a.nee the effects in a relatively healthy or 
' ' ' 

periodontally stable. population (Giedrys-Leeper et al. 1985). _Additionally, a study 

conducted on handicapped patients in4icated-that drug therapy did not enhfil1ce. the efficacy 

of scaling alone in the presence of poor oral ·hygiene (Clark et al. 1983). Nonsurgical 

treatment of 7 mm or greater probing depths has shown that metronidazole and root planing 

resulted _in a greater me.an pock~~ reductio.~ and gain of climcal attachment, when compared 

to root planing only (Loesche et al. 1984). Recently, Loesche and co-workers reported a 

93 % reduction in the need for surgical therapy when scaling and root planing was followed 

by administration of metronidazole · (Loesche et al. 1996). Although the protocol included 

repeated antibiotic administration (including topical metronidazole ), the results suggest a 

potential therapeutic benefit. Another s~dy reported similar results using a 5% 
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' metronidazole collagen device placed at probing depth sites greater than 5mm after root 

planing(Hitzig et al. 1994). This study suggests that adjunctive metronidazole 

therapy may be beneficial in cases where a nonsurgical approach is utilized in the management 

of these defects. 

The combined use of metronidazole with surgical therapy in the debridement and 

recontouring of periodontal defects has not shown improved healing of defects as compared 

to surgery alone (Mahmood and Dolby_ 1987). It is probable that the access provided by the 

surgical reflection of _tissues _allowed· for more effective ~ebridement, and minimized any 

clinical effects of the antibiotic. Re.current periodontitis has been shown to be managed with 

metronidazole and instrumentation (Gusberti et al. 1988). In patients with periodontal 

disease persisting after conventional therapy (refractory periodontitis ), metronidazole may be 

of benefit in the resolution of inflammation (Soder et al. 1990). 

As periodontal therapists look beyond resecting diseased tissue to the regeneration 

of lost supporting tissue, concerns of the preexisting bacteria and postsurgical infection of 

wound and regenerating tissue assume a greater role. Preliminary studies indicated that 

metronidazole in combination with regeneration techniques displayed a 42% gain in 

attachment levels as compared to the same regeneration technique alone (Sander et al. 1994 ). 

Metronidazole- impregnated collagen, when used as a guided tissue membrane, however, 

failed to produce significantly better healing as· compared to control sites (Dowell et al. 

1995). 

Various routes of administration for metronidazole have been utilized in the treatment 

of periodontal disease. Conventional oral administration of tablets has ranged from a single 
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dose of 250 mg to 500 mg t.i.d. Metronidazole gel has been placed topically in 15% and 25% 

concentratiops (Frandsen et al. 1994; Klinge et al. 1992). In a study by Stoltze, injection into 

periodontal pockets of 25% metronidazole gel resulted in a mean local application around 

pairs of teeth of approximately 50 mg (with an unmeasurable amount of spillage during 

application). The mean concentration of metronidazole in gingival crevicular fluid peaked ~t 

4 hours, reaching approximately 460 µg/ml. At 8 hours, the crevicular fluid concentration 

had decreased to 240 µg/ml; at 12 hours a 30 µg/ml concentration was found, and 10 µg/ml 

at 24 hours. Gingival crevicular COJ?-Centrations remained abov~ 1 µg/ml for all samples at 4 

and 8 hour sampling, in 92% of samples at 12 _hours, 50% after 24 hours and was above 1 

µg/ml in only 8% of s~ples after 36 houts (Stoltze 1992) .. 
. . . -

Acrylic's_trips coated with metronidazole have been developed f.or local,. slow- release 
. . . . . 

action (Sridevi et al. 1995). Human type I collagen impregnated with metronidazole has 
I . • . 

been used as a barrier membrane in .guided tissue regeneration procedures (Dowell et al. 

1995). An additi~nal delivery method has been presented. consisting of a glyceride base 
' . . 

semisolid which is l~cally placed and provided ·a:~lo~-release of metronidazole (Norling et 

al. 1992). 

To date, no studies have compared the efficacy of systemic versus local delivery of 

metronidazole in the treatment of periodontal disease. Localized, slow release systems may 

reduce the total amount of drug to which patients are exposed. However, systemic drug 

therapy facilitates the treatµi.ent of multiple sites and. eliminates the need for the potentially 

uncomfortable placement of local- release agents. Ultimately, metronidazole therapy may 
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prove to be most beneficial delivered through both systemic and local routes to maximize 

exposure to pathogenic organisms. 

BONE 

Bone can form by one .of two different mechanisms, ~ndochondral ossification or 

intramembranous ossification (Nijweide m1:d Burger 1990). Osteoblasts f()rm during the 

course of development and deposit type I collagen,·proteoglycans, fibronectin,_ osteocalcin, 

osteonectin, and many other matrix proteins. These proteins are collectively called osteoid, 

which then becomes calcified. During the process of calcification, the osteoblasts become 

embedded within the bone matrix and are then called osteocytes (Simmons and Grynpas 

1990)., Osteocytes function in the maintenance the bone homeostasis. In the bone marrow, 

mononuclear cells may fuse into multinucleated giant cells to form osteoclasts. Their function 

is to remove calcified tissue and create the bone-marrow cavity. It has been hypothesized that 

the osteoid layer of bone must be removed before resorption and subsequent deposition can 

take place (Reddi et al. 1987). Since osteoblasts secrete substances which can degrade type 

I collagen, it is thought that the osteoblast may initiate bone resorption. After the osteoid 

layer is removed, osteoclasts are attracted to the area where they attach and complete the 

bone resorption process (Wirthlin 1986). After bone is formed, it undergoes continuous 

remodeling throughout its lifetime. Osteoblasts are constantly repairing the resorption defects 

created by _the osteoclasts. 

Three phases of growth in the osteoblast bone formation matrix have been 

demonstrated in vitro (Stein et al. 1993). The Proliferation Phase occurs during the first 
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ten days and is a period of enormous mitotic activity. Histone H-4 has been identified as a 

significant marker for this phase (Pockwinse and Shirwin 1992). The Matrix Maturation 

Phase occurs from approximately day ten to day twenty and is a period of composition and 

organization that renders the matrix competent for mineralization. Alkaline phosphatase has 

been identified as a marker for this phase. The Mineralization Phase continues from 

approximately day twenty, and is a period of nodule formation and matrix maturation. 

Osteocalcin has been identified as a significant marker for this phase (Stein et al. 1993 ). By 

following the levels of these significant markers, a matrix time line can be established. 

Histone H-4 has been identified as a marker for cell proliferation, and its expression 

levels are high at early stages of development (following convention, the protein product of 

a gene will be in block type and the gene itself will be italicized). Histone genes, required for 

cell cycle progression, are selectively expressed during the S- phase of the cell cycle and are 

tightly coupled with DNA synthesis (McCabe et al. 1994). This process is controlled 

predominantly at a post-transcriptional level (Kockx et al. 1994). Transition to the 

differentiated state is associated with down regulation ofhistone gene expression ( Gerbaulet 

et al. 1992). 

Osteocalcin is a Ca++ binding protein found in the organic matrix of mineralized tissues 

such as bone and dentin (Pockwinse and Shirwin ·1992). It is the most abundant 

noncollagenous protein of bone matrix and has a high affinity for ca++ ions. Osteocalcin has 

at least two functional domains (Hauschka 1984). _The first domain participates directly in 

the binding of Ca++ ions and in the adsorption of osteocalcin to hydroxy apatite. The second 
. . 

domain exhibits chemoattractant activity toward monocytes, the pre~ursors of osteoclasts. 
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Osteocalcin is created only by bone forming cells, possibly as a precursor molecule 

provisionally called pro-osteocalcin. Various studies have found that osteocalcin is detectable 

only at the time of mineralization. Therefore, it may be a specific marker for bone- forming 

cells. Many cell culture studies have used elevated levels of osteocalcin as an indicator of 

the osteoblastic phenotype and bone formation activity. 

Other reported markers for bone forming cells include the presence of alkaline 

phosphatase and dark-staining nodules in culture with Von Kossa staining. Alkaline 

phosphatase activity has been used extensively as a marker for osteoblast differentiation in cell 

cultures ( Luben et al. 1976; Shteyer et al. 1990; Mathieu and Merregaert 1994). This enzyme 

is involved in the mineralization of bone matrix, but its exact role is unclear; it is secreted in 

large quantities when osteoblasts are actively depositing bone matrix. Alkaline phosphatase 

may degrade inorganic pyrophosphate, thereby providing a sufficient local concentration of 

phosphate for calcification to proceed. 

PROTO~ONCOGENES 

Early studies of cancer cells often found alterations of the genes involved in the coding 

for proteins that were active in the control of cell proliferation and differentiation. The 

mutated gene•is called an oncogene and may result in overexpression or underexpression of 

the product resulting in poorly or noncontrolled, cell proliferation. This same gene, whose 

normally produced product contributes to routine control of cellular function or proliferation 

is known as a proto-oncogene. Different proto-oncogenes encode proteins with various sites 

of action: the cell surface membrane, the cytoplasm, and the nucleus (Angel et al. 1988). 
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While the exact biochemical functions of most of the known proto-oncogene products 

continues to be investigated, several of these proteins are known to participate in signal 

transduction. 

The proto-oncogene c-fos is responsible for encoding a nuclear protein implicated in 

the regulation of both cell proliferation and differentiation (McCabe et al. 1995). The 

protein product is able to interact with proteins of the Jun family, forming the AP-I 

transcription factor; thereby regulating gene expression (Abate and Curran 1990). Through 

differential gene expression, cell stages progress and osteogenesis may result. The 

relationships between c-fos expression and cell growth and differentiation appear to be 

complicated (varying with cell type and culture conditions). Significant elevations in c-fos 

expression generally .iiihibit differentiation. Experimental results have indicated that the c-jun 

protein is a sequence-specific transcriptional activator similar to AP-I (Angel et al. 1988). 

Experimental results reported during osteoblast culture proliferation and 

differentiation support the theory that c-fos and jun proteins participate in the regulation of 

cell growth and development of the bone tissue phenotype. High levels of these two 

proteins were found during the proliferative period of osteoblast development (McCabe et 

al. 1995). Others have found that the c-fos protein was expressed in osteoprogenitor cells 

but not in mature osteoblasts which exhibit markers of differentiated osteoblasts , such as 

osteocalcin (Machwate et al. 1995). Additional support for the role of c-fos in osteogenesis 

has been presented in a study demonstrating that over-expression of this protein in transgenic 

mice induces new bone formation (Ruther et al. 1989). Osteoblasts have been shown to be 

target cells for transformation in c-fos transgenic mice (Grigoriadis et al. 1993 ). Deregulated 
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expression of c-fos interferes with osteogenic differentiation (Goralcxzyk et al. 1990). An 

increased expression of c-fos protein has also been found in patients with fibrous dysplasia 

{Candeliere et al. 1995). 

Expression of the c-myc gene has also been closely related to cellular proliferation and 

differentiation. As with most proto-oncogenes, c-myc is one of a family of myc genes that 

are structurally and functionally related (Eisenman 1989). The myc gene is expressed in 

. . 
nearly all proliferating tissues, from embryonic to adult (Cole 1986). While the absolute 

levels of c-myc mRNA and its protein product may vary significantly, they are lowest in 

quiescent or differentiated cells and highest in rapidly proliferating cells. 

EXPERIMENTAL METRONIDAZOLE CONCENTRATIONS 

The therapeutic systemic dose of metronidazole for the treatment of periodontal 

disease has not been universally agreed upon. Patients receiving 500 mg q.i.d. have an 

average serum ( and gingival crevicular fluid) concentration of 21.4 µg/ml. Previous studies 

have recommended for greatest efficacy a gingival crevicular fluid concentration between 4 

and 16 µg/mL For this study, 5 and 20µg/ml was used to represent gingival crevicular 

concentrations from oral tablet administration. The 4-hour mean concentration in crevicular 

fluid after administration of 25% metronidazole gel (250 mg/ml with a reported average 

administration of approximately 25 mg per treated tooth) has been reported as 460 µg/ml and 

therefore 500 µg/ml concentration will represent this condition. A mean concentration of200 

µg/ml has been reported 8 hours postdelivery of 25% metronidazole gel, and 50 µg/ml at 

approximately 10 hours. 20µg/ml represents the maximum crevicular fluid concentration by 
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oral dosing and the mean concentration (approximately) at 12 hours after delivery of 25% 

metronidazole gel. No studies have yet determined the effects of metronidazole on 

osteoblasts. Specifically the question may be raised as to what effect metronidazole will have 

on the osteoprogenitor cells in the healing periodontal defect. Of particular interest may be 1 

the higher dosage ranges reported with topical application (such as intra-sulcular gels). 

C. HYPOTHESIS 

The experimental hypothesis is that high, clinically relevant, levels of metronidazole 

(up to 500 µg/ml) will significantly reduce proliferation of osteoblasts. Osteoblasts will be 

treated with several concentrations of metronidazole in medium, and the effects on the ability 

of osteoblasts to proliferate and differentiate in culture will be measured.· The effects on 

proliferation · will be determined by cell number measurements over exposure time to 

experimental conditions. in conjunction with analyzing the expression of mRNA for 

proliferation regulating genes such as c-fos, jun-B and c-myc during the same time period. 



16 

D. SPECIFIC AIMS 

1) Define the effect of clinically relevant concentrations of metronidazole on the 

proliferation of calvaria harvested cells. 

2) Analyze the effect of clinically relevant concentrations of metronidazole on the 

expression of mRNA for proliferation and differentiation markers for osteoblasts. 



MATERIALS AND METHODS 

SOURCE OF OSTEOBLAST CELL CULTURE 

PRIMARY CELL CULTURE 

This animal-use experimental protocol was reviewed and approved by the Animal 

Care and Use Committee, Dwight David Eisenhower Army Medical Center, Fort Gordon, 

Georgia. All animal husbandry and handling was in accordance with pertinent laws and 

regulations concerning the use of animals in biomedical research within the Department of 

Defense as required by Public Laws 89-544, 91-579, 94-279, and 99-198 (The Animal 

Welfare Act and Amendments), Department of Defense Directives, Army regulations and 

published Health Services Command policy. 

The phenol red-free minimum essential medium (MEM) formulation used is as 

presented by Dr. Carol Lapp, Medical College of Georgia. The medium is composed of 1 

packet of powdered Dulbecco's Modified Eagle Medium (D-MEM, Gibco, Grand Island, 

NY, Catalog# 13000-021), 10.0 ml of non-essential amino acids (Sigma, St. Louis, MO, M-

7145), 20.0 ml of Pen/Strep (5000 units of Penicillin G plus 5 mg of Streptomycin per ml), 

49.0 ml NaHCO3 (7.5%, Sigma), 15.0 ml HEPES (IM), 10.0 ml Na~yruvate (Stock solution 

of 1.1 gm per 100 ~l), 50 mg Gentamicin, 1.25 mg Fungizone, 1 o-8M 1,25-Dihydroxyvitamin 

D3 (ICN Biochemical, Aurora, OH, #154300). The component were dissolved in tissue 

17 
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culture grade water to a total volume of 900 ml, and the osmolarity was adjusted to 320 units 

with water (approximately 150 ml). Fetal bovine serum (FBS) was then added maintaining 

the ratio of 100 ml FBS to 900 ml MEM. The pH was verified at 7 .2-7.3. At 24 hours after 

plating cells for proliferation and mRNA cultures, the medium was replaced with phenol red

free MEM as described with the addition of 50 µg/ml L-ascorbic acid (Sigma) and 10 mM 

p-glycero-phosphate (Sigma). 

Calvaria were obtained from newborn mice after cervical dislocation. The pups were 

. ' . . 

36-48 hours old, from timed pregnant females (Mus musculus- Hsd: ICR [CD-IR], Harlan 

Spraque Dawley Company, Indianapolis, IN). In an aseptic manner, ~27 calvaria were 

collected, cleansed of soft tissue and periosteum and placed in Hanks balanced salt solution 

(HBSS, Gibco_ BRL, Grand Island, NY). After harvest, the calvaria were minced with sharp 

scissors for two minutes. This suspension was then centrifuged for 5 minutes at 700 x g 

(Beckman Model TJ-6 centrifuge). The supernatant was discarded, and the pellet was 

resuspended in 3 ml of 0~05% collagenase (Worthington Biochemical Corp., Freehold, N .J. ). 

The suspension was then placed in a 20 ml beaker, with a stir bar, covered with aluminum foil, 

and gently stirred for 20 minutes on a Corning stir plate. The supernatant containing the freed 

bone cells was removed and placed in a 15 ml plastic test tube with 10 ml of a Phenol Red

Free Minimum Essential Medium, and centrifuged for seven minutes at 680 x g . 

The supernatant was then discarded and the pellet was resuspended in 10 ml ofHBSS. 

After centrifuging for seven minutes at 680 x g, the supernatant was discarded and the 

resulting pellet was resuspended in 4.5 ml ofMEM. This suspension was then gently layered 

on4.5 ml ofFicoll-Paque (PharmaciaBiotech, Uppsala, Sweden). A total of four sequential 
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digests were performed in the manner 'stated,- resulting in four 15 ml test tubes with cell 

suspension on Ficoll-Paque. 

The four tube~ with c~ll suspensions were t~en 'centrifuged at 700 x g for 50 minutes. 

The resulting huffy coat at the interface was then collected from each of the tubes, combined, 

resuspended in 14 ml of HBSS, and centrifuged at 200 x g for ten minutes. The supernatant 

was discarded and the pellet was resuspended in 4 ml ofMEM. 25µ1 were then removed 

from the suspension and mixed with 75µ1 of trypan blue (Sigma). Hemocytometer evaluation 

at 1/4 dilution suggested a cell count (of viable cells) of2 x 107 total cells from the harvest. 

Additional MEM was placed into the suspension to yield a total, of 8 ml. Eight 150 

cm2 tissue culture flasks were seeded with 2.5 x 106 cells/flask ( 1 ml of suspension) and the 

total volume of 50 ml was then achieved by the addition of MEM. Flasks were then placed 

in an incubator at 37° C in an atmosphere of 5% carbon dioxide/95% air. 

Medium was changed in the primary culture at day four. At day six the cultures had 

grown to confluence and the first passage was conducted. Medium was poured off, and 6 

ml per flask of dispase (2.4 u/ml; Grade II, Boehringer Gmbh, Mannheim, Germany, Lot 

14828800) 2.4 u/ml, were added. After 20 minutes, the flasks were agitated, and the contents 

were poured into 50 mltest tubes with 15 ml of Hanks Balanced Salt Solution. The tubes 

were centrifuged at 680 x g for ·5 minutes. The supernatant was poured off, and the pellets 

were resuspended in MEM. Cells were reseeded onto tissue culture flasks (150 cm2
) at 2.5 

times the original surface area and placed into the incubator. 
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At day three, the first passage had grown to confluence, and the second passage was 

conducted as previously described. Tis~ue culture flasks ( 150 cm2
) were seeded at 3 times 

the surface area of the first passage, resulting in 64 flasks. 

FROZEN CELLS 

At day five, the second passage had grown to confluence, and the cells were prepared 

for freezing. After dispase treatment and centrifuging, pellets were resuspended in 25% FBS 

(HyClone Laboratories, Inc, Logan, Utah) and 75% Cell Freezing Medium (composed of 

MEM with 8. 7% dimethyl sulfoxide [DMSO] and proprietary components and amounts to 

include methylcellulose; Sigma) at a cell concentration of approximately 3 X 106 cells/ml. 

Sixty freezer cryovials were filled with 1 ml of cell suspension, positioned in freezing vessels 

(BiCell Biofreezing vessels, Nihon Freeze Company Ltd., Tokyo, Japan) and were frozen. 

After a slow and even.reduction of vial contents temperature to -80 ° C over the course of 24 

hours, the cryovials were moved to a more long-term sample storage container and placed 

in -150° C storage (Cryostar Freezer). 

PROLIFERATION ASSAY FL,U_ORESCENCE STANDARD CURVES 

Fluorescence standard curves were generated f~r the· CyQuant Cell_ Proliferation 

Assay, which utilizes a proprietary green fluorescent dye that exhibits strong. fluorescence 

enhancement when bound to cellular nucleic acids (Molecular Probes, Eugene, OR). 

To develop an initial standard curve, manufacturer-supplied bacteriophage A DNA at 

a concentration of 100 µg/ml was used. Serially diluted 200 µl samples of the DNA with final 
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concentrations from 3900 pg/ml to 2.5 x 105 pg/ml were produced using the prepared 

CyQUANT-GR/LysisBuffer. SamplesofknownDNAconcentrations(andano-DNAblank) 

were placed in 96-well plates and scanned for fluorescence ( excitation at 485 run and emission 

at 520 run). Fluorescence was plotted versus DNA concentration. 

Standard curves were then generated _for known ceH densities. A cryovial of frozen 

cells was t~a~ed and the resulting culture was taken to the 5th passage. The three 75cm2 

flasks at the 5th passage were each treated with 4 ml of dispase to releas·e the cells. After 

washing, the cells were resuspended in atotal of 4 nil of MEM. Ninety-six well plates 

(Linbro 96 flat-bottom multiwell plate, Flow Laboratories, In~., McLean, VA) were prepared 

with the following cell densities: 10,000 cells, 5,000 cells, 1,000 cells, 500 cells, 100 cells, 50 

cells, 10 cells, 0 cells per well ( cells/200µ1). Eight wells were seeded at each cell density in 

96-well plates and then immediately placed in the freezer. One hour later, the 96-well plates 

were thawed to room temperature. CyQuatit reagent was prepared according to 

I 

manufacturers' directions. 

The supplied concentrated cell lysis buffer stock solution was diluted 20-fold in 

distilled water. The CyQuant-GR stock solution was also dilut~d 400-fold with the diluted 

cell lysis buffer into a plastic container which was wrapped with foil to protect from light 

exposure. Two-~undred µl of the CyQuant-GR solution was added to each well, and the 

fluorescence of the samples was measured ( excitation at 485 run with 20 run bandwidth filter 

and emissionat 530 run with 25 run bandwidth filter; CytoFluor 2300 Scanner Fluorescence 

Measurement System, Millipore Corp·., Bedford, MA). Dilutions of the original assay cell 

lysates at a 1: 10 ratio (20µ1 cell lysate mix to 180 µl CyQUANT-GR working solution) were 
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also prepared. and· fluorescenc·e measured as previously described. Fluorescenc~ was plotted 

versus cell number. 

CELL SEEDING DENSITY 

For cell seeding density determination, a cryovial of frozen cells was thawed and the 

resulting culture was taken to the 5th passage. The three_ 75cm2 flasks were each treated 

with 4 ml of dispase to release the cells. After washing and separation, the cells were 

resuspended in a total of 4 ml of MEM. Ninety-six well plates were prepared with the 

following cell densities: 10,000 cells, 5,000 cells, 1,000 cells, 500 cells, 100 cells, 50 cells, 10 

cells, 0 cells per well ( cells/200µ1). Eight replicates of each density were placed in each 96-

well plate. 8 plates were prepared fot 8 time points in the culture: day 1, 3, 7, 10, 14, 21, 28, 

3 5. One plate was also prepared for cell number standard curve generation. Cultures were 

incubated at 37·° C, and medium changed every 4 days. For each time-point, the 96-well 

plate was removed from the incubator, medium poured off, wrapped in plastic wrap and 

placed in -80 ° C freezer for subsequent analysis. Cell culture plate for the 7 day time point 

was frozen on day 8. 

Ninety-six well plates were thawed to room temperature, and CyQuant reagent was 

prepared according to manufacturers directions. Two-hundred µl of reagent was added to 

each well, and the fluorescence of the samples ( excitation at 485 nm with 20 nm filter and 

emission at 530 nm with 25 nm filter; CytoFluor 2300 Scanner) was determined. Mean cell 

number (fluorescence) was plotted versus time to visualize cell proliferation. 
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~'CELL PROLIFERATION IN METRONIDAZOLE-CONTAINING MEDIUM 

A cryovial ofosteoblasts was thawed to room temperature, and gr~wn_to passage 5 

as previously described. Twelve 96-well plates were· prepared with 8 replicates of 6 

conditions, at a ceil concentration of approximately 1.26 x 103 cells per well. The 

experimental wells were centered on the plates and the peripheral wells were filled with 200 

µl of sterile water. Culture plates were then placed in incubation conditions as previously 

described. 

At 24 hours after cell attachment, the medium was poured off and new medium 

containing metronidazole was added. A control, buffered solution was prepared to simulate 

medium decrease in control wells and provide a dilutent for preparing the metronidazole 

concentrations. In one liter of water 7 .9 gm of sodium chloride, 480 mg dibasic sodium 

phosphate ( anhydrous), and 230 mg citric acid (anhydrous) were added. These components 

and amounts were taken from the ingredient list on the metronidazole solution bag. A pH of 

6.3 and an osmolarity of 242 mmol/kg were achieved, which is similar to that .of the 

metronidazole concentrates' of 5-7 pH and osmolarity of286 mmol/kg. 

In order to standardize the volumetric effects on the medium and cultures of the 

varying concentrations required, the following dilution procedures were followed. Using a 

stock solution of Metronidazole Injection, USP (Abbott Laboratories, Chicago, IL; Lot# 10-

290-JT, Exp 1 Nov 97), concentrations of 500, 200, 50, 20 and 5 µg/ml were prepared. To 

prepare medium for the 500 µg/ml metronidazole concentration, 1.5 ml of concentrated 

metronidazole (5,000 µg/ml) was added to 13 .5 ml of MEM. Subdilutions were prepared for 

the remaining concentrations as follows. 
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For the 200 µg/tnl condition, 0.4ml ofmetronidazole concentrate was added to 9.6 

ml_ of the previously described buffered control solution. To feed the cells in this 

concentration track, 1.5 ml of the dilution was added to 13.5 ml ofMEM. For the 50 µg/ml 

condition, 0.1 ml of metronidazole concentrate was added to 9.9 ml of the previously 

described buffered control solution. To feed the· cells in this concentration track, 1.5 ml of 

the dilution was added to 13.5 ml of MEM. For the 20 µg/ml condition, 0.04 ml of 

metronidazole concentrate was added to 9 .96 ml of the previously described buffered control 

solution. A dilution volume of 1.5 ml of the was added to 13.5 ml ofMEM and this was used 

to feed the cells in that concentration track. For the 5 µg/ml condition, 0.01 ml of 

metronidazole concentrate was added to 9 .99 ml of the previously described buffered control 

solution. Similarly, 1.5 ml of the dilution was then added to 13.5 ml ofMEM and this was 

used to feed the cells in that concentration tr3:ck. For the medium to feed control wells, _1.5 

ml of the buffered control solution was added to 13 .5 ml of MEM. 

Medium was changed at 4-day intervals during the proliferation time course (Table 

I). At appropriate times during the culture, the medium was removed from the culture plates 

and the plates were wrapped in plastic wrap and placed in the -80 ° C freezer for subsequent 

analysis. At the conclusion of the time allotted for the proliferation study, the 96~well plates 

were thawed to room temperature, and CyQuant reagent was prepared according to 

manufacturers directions. Two-hundred µl of _reagent was added to each well, and the 

fluorescence of the-saD?-ples ( e~cifation at 485 nm with 20 _nm bandwidth filter and emission 

at 530 nm with 25 nm bandwidth filter; CytoFluor 2300 Scanner) was.,determined, resulting 

in cell prolif~ration values for each culture condition. Cell proliferatiol} time courses were · 



Table I. 

Cell culture time lines. 
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D minus 1 PLATE CELLS 

D-0 MEDIA CHANGE CULTURE PLATE TO 4 HR RNA EXTRACTION 
FREEZER 

START METRONIDAZOLE 

D-1 CULTURE· PLATE TO 
FREEZER· 

D-2 CULTURE PLATE TO. 
F~EZER 

D-3 CULTURE PLATE TO 
FREEZER 

D-4 MEDIA CHANGE RNA EXTRACTION 

D-5 CUL TIJRE PLATE TO 
F~E.ZER 

D-7 CULTURE PLATE TO 
FREEZER 

D-8 MEDIA ·cHANGE 

D-9 CULTURE PLATE TO 
FREEZER 

D-12 MEDIA CHANGE 

D-13 CULTURE PLATE TO 
FREEZER 

D-16 MEDIA CHANGE 

D-17 CULTURE PLATE TO 
FREEZER 

D-20 MEDIA CHANGE 

D-21 CULTURE PLATE TO 
FREEZER 

D-24 MEDIA CHANGE 

D-25 CULTURE PLATE TO 
FREEZER 

D-28 MEDIA CHANGE 

D-32 MEDIA CHANGE 

D-36 CULTURE PLATE TO RNA EXTRACTION 
FREEZER 
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repeated and analyzed as described above with cells from the same calvaria harvest and from 

an additional cell harvest. 

CELL CULTURE STAINING 

VON KOSSA STAIN 
-. ' ' 

The Von Kossa staining technique is a metal substi:tu,tion reaction. The presence of 

calcium in mineralized nodules of the cell cultures can be demotJ.strate~ by this means. Silver 

is substituted for calcium, forming a metallic salt with the anion of the calcium salt. The silver 

salt that results undergoes reduction to meta~lic silver in the presence of bright light. Excess 

silver nitrate is removed by rinsing with sodium thiosulfate, leaving distinct, darkly stained 

nodules (Thompson 1966; Putt 1972). Twenty-four well plates were seeded with osteoblasts 

at a density of 6 x 103 cells per well and fed medium containing metronidazole concentrations 

of 5, 50 and 500 µg/ml and a control. Plates were cultured for 36 days under the conditions 

previously described. The osteoblasts in the plates were rinsed with PBS and fixed in 1 ml 

absolute ethanol per well (Fisher Scientific) for one minute. One ml of a 5% silver nitrate 

solution (Fisher Scientific) was then placed into each well and the plates were placed under 

UV light for 20 min for a total amount of energy of 3 .6 J/cm2 (UV Stratalinker 1800, 

Stratagen). Subsequent to the UV exposure, and after rinsing in deionized water, 1 ml of 5% 

sodium thiosulfate solution was placed in each well for two minutes. Following a second 

rinse in deionized water, the cells were counterstained for five minutes in nuclear fast red 

solution for five minutes. The nuclear fast red stain was prepared by adding 0.1 g nuclear fast 

red to 100 ml of 5% aluminum sulphate under heat, and then adding thymol after filtering 
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(obtained. from Department of Pathology, DDEAMC). The wells were then rinsed in 

deionized water, air-dried and evaluated mk~osc~pically for the presence of black nodules 

which characterize the mineralization of extracellular matrix. After drying, the cells were 

photographed at 24 and 60 times original magnification using an inverted microscope (Nikon 

Diaphot 300 inverted microscope, Tokyo) connected to a color video earner~ (Sony 3CCD 

Color Video Camera model DXC-960MD, Tokyo). Images were evaluated on a desktop 

computer using the Scion Image software program (Scion Corporation, NY). 

ALKALINE PHOSPHATASE ASSAY 

Cells were examined for the presence of alkaline phosphatase using a commercially 

available test kit (Alkaline Phosphatase, Sigma Diagnostics, St. Louis, MO). Calvaria

derived cells were seede4 on a glass slide in a tissue culture dish with medium not containing 

metronidazole and incubated. At 7 days the glass slide with its cell layers was fixed for 30 

seconds in a citrate-acetone-formaldehyde solution. After a rinse with distilled water, the 

fixed slide was stained for 15 minutes at room temperature, in the dark, with a diazonium salt 

solution (sodium nitrate/ fast red violet alkaline solution/ naphthol 6-bromo-2-hydroxy~3-

naphthoic acid-2-methoxy anilide phosphate, AS-BI, solution). After a rinse with distilled 

water, the glass slide was counterstained with hematoxylin for ~wo minutes. Following a 

final rinse with tap water, the slide was air-dried and the presence of red dye in the cytoplasm 

of the bonelike cells was evaluated microscopically .. The cells were photographed at 24 and 

60 times original ma~nification usi~g an invei;ted microscope (Nikon Diaphot 300) connected 
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to a color video camera (Sony 3CCD). Images were evaluated on a desktop computer using 

the Scion Image software progrfilD: (Scion Corporation). 

RESIDUAL METRONIDAZOLE IN SUPERNATANT 

Several methods were used to characterize the metronidazole in medium during the 

four days it was in contact with the cultures. Supernatant was collected from the 

experimental culture wells at each day between medium changes (day-0, 1, 2, 3 and 4). The 

amount of metronidazole in medium was quantified by physical ( c9polymer extraction 

cartridges) and chemical (nitromethane) extraction from the solution and analyzed with gas 

chromatography utilizing a mass selective detector and UV light absorption spectroscopy. 

The antibacterial properties of metronidazole were determined for the same samples by agar 

plate diffusion (with two different microorganisms) and by medium serial dilution, mean 

inhibitory concentration (MIC), assay. 

SORBENT EXTRACTION 

Hydrophilic..:Lipophilic Balance copolymer extraction cartridges were utilized in an 

attempt to isolate the metronidazole present in the supernatant (Waters Oasis HLB Extraction 

Cartridges, ·waters Corp., USA). Extraction cartridges were placed on vacuum manifold and 

the vacuum was set to 5 mm Hg. One nil of methanol, followed by 1 ml of water was 

drawn through each cartridge. _ One ml of the sample was t~en drawn through the cartridge. 

. . 

One ml of 5% methanol in water was then drawn through-the cartridge, and waste solutions 

were discarded. One ml of methanol was then run through the cartridge and collected 
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( containing eluates). Eluates were evaporated to dryness. The resultant pellet was 

resuspended in 1 ml of methanol and analyzed with gas chromatography utilizing a selective 

ion detector (Hewlett Packard 5890 Series II Gas Chromatograph with a Hewlett Packard 

5971 Series Mass Selective Detector). 

NITROMETHANE EXTRACTION 

Tissue culture supernatant was drawn fro_m culture plates at 5, 50 and 500 µg/ml 

metronid~ole concentrations at days 0, 2 and 4 of incubation with medium. One ml of each 

of the supernatant was combined with 2 ml of ·nitromethane. One ml of this· combined 

solution was then removed and evaporated down in a glass ampule by flowing nitrogen gas 

over the fluid (Rea,cti-Vap, Model 18780, Pi~rce Chemical 'Company, Rockford, IL). The 

resultant pellet was resuspended in 1 ml of methanol and analyzed with gas chromatography 

utilizing a selective ion detector (Hewlett Packard 5890 Series II Gas Chromatograph with 

a Hewlett Packard 5971 Series Mass Selective Detector). 

To determine whether nitromethane extracted any other significant ultraviolet

absorbing substances from the tissue culture supernatant, nitromethane extraction was 

performed in parallel on medium alone. Additionally, as a standard in determining extraction 

efficiency of the nitromethane, solutions with metronidazole were prepared to the same 

concentrations (5, 50 and 500 µg/ml) using the metronidazole buffer solution as the dilutent 

to achieve the concentration. These metronidazole solution "standards" at the same 

concentrations (5, 50 and 500 µg/ml) were also evaporated to dryness (without nitromethane 
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extraction) for comparison with other,results. The resultant pellets wen~-all resuspended in 

one ml of methanol and analyzed as previously described. 

UV SPECTROPHOTOMETRIC ANALYSIS 

Tissue-culture supernatant was harvested from the cell culture condition of 5 µg/ml 

metronidazole at time points of 0, 2 and 4 days. Two ml of nitromethane was used to extract 

the residual metronidazole from the supernatant and 1 ml was removed and evaporated by 

flowing nitrogen gas over the fluid (Reacti-Vap ). The resultant pellet was resuspended in 1 

ml of 0.lN H2SO4, placed in a quartz cuvette and analyzed for absorbance oflight at 274.0 

nm (GBS UV NIS 920 Spectrophotometer, GBS Scientific Equipment, LTD., Victoria, 

Australia). As -controls, medium only was extracted with nitromethane and processed as 

described above, as well as stock concentrations of metronidazole at 0.5, 5, 50 and 500 µg/ml 

ANTIBACTERIAL ACTIVITY OF SUPERNATANT 

Agar Diffusion Assays 

Supernatant was collected from culture wells at experimental conditions for each day 

between medium changes (day 0, 1, 2, 3 and 4) to analyze the antibacterial activity in the 

metronidazole containing medium, and to determine ifthere were any significant changes over 

I 

time in the metronidazole concentrations, as demonstrated by antibacterial activity. 

Biological activity tests to evaluate the residual activity of the added metronidazole 

were conducted in three parts. In the first two parts, cells used were from the fifth passage 

and were plated in 24-well plates at a density of 5 ~ 104 cells per well. Media were prepared 
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as previously described. After 24 hours in incubation conditions for cell attachment, the 

medium was exchanged with medium containing metronidazole at concentrations of 0, 0.5, 

5 and 50 µg/ml. Tissue culture supernatant was removed from the wells every 24 hours from 

time 0 through 4 days. The supernatant was frozen for use in the antibacterial assays. The 

assay organisms Bacteroides fragilis and Clostridium perfringens were subcultured 

anaerobically in approximately 10 ml of thioglycolate broth (BBL) with 5 µl ofhemin/ml in 

capped tubes. 

Bacteroidesfragilis was diluted 1:50 from the subculture in PBS. Five ml of the 

diluted bacteria was added to 680 ml of melted anaerobic agar (Difeo) along with 700 µl of 

hemin, and mixed well. Seventy ml of the bacteria/agar solution was placed in 150 mm x 15 

mm plastic culture dishes, and spread uniformly. The agar was allowed to harden for 20 

minutes. Sample wells in the agar were prepared at approximately 30 mm spacing with the 

large end of a sterile glass pipette and the resultant agar plug was removed by another sterile 

glass pipette tip connected to a vacuum. Seventy µl of each experimental tissue culture 

supernatant was placed into the wells. After allowing 15 minutes for the samples to diffuse 

into the agar at room temperature (24 °C), the culture plates were placed in Gas· Pac jars 

(BBL Gas Pak, Becton Dickinson Microbiology Sy~tems, Coc.keysville, MD) containing an 

oxygen-absorbing and carbon dioxide-generat_ing packet (AnaeroPack-Anaero, Mitsubishi 

Gas Chemical Co., Inc., Tokyo, Japan) and a disposable anaerobic indicator (BBL Gas Pak). 

Gas pac jars-were incu~ated at 37°C (Isotemp Incubator, Fisher Scientific) for 24 to 48 

hours. Plates were_ evaluated for zones. of inhibition with backlighting and measured to the 

nearest millimeter. These biological activity tests were modified by changing to brain-heart 
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infusion agar in smaller culture plates (100 mm x 15 mm) with a concurrent reduction to 50 

µl of sample tissue culture supernatant for each well. Again, plates were evaluated for zones 

of inhibition with backlighting and measured to the nearest millimeter. 

The concentration of Bacteroides .fragilis in the culture plates was increased by 

decreasing the subculture dilution from 1 :50 to 1 :5 bacteria in PBS. Five ml of diluted 

bacteria wer~ added to 680 ml of melted brain heart infusion agar (Difeo) along with 700 µl 

ofhemin, and mixed well. Twenty-five ml of the bacteria/agar solution was placed in 100 x 

15 mm plastic culture dishes, and spread uniformly. The agar was allowed to harden for 20 

minutes. Approximately 405 ml of mel~ed brain-heart infusion agar (Difeo) and 420 µl of 

hemin were mix~cl well and 15 ml of the agar was placed over the bacteria/agar base and 

spread uniformly. Sample wells in the agar v.vere prepared with a sterile glass pipette._ Fifty 

µl of each experimental tissue culture supernatant was placed into the wells. After 15 

minutes for diffusion of the samples into the agar at room temperature (24 ° C), culture plates 
. . ~ .;· 

were placed in Gas Pac jars (BBL) cont~ining ~ oxygen-absorbing and carbon 

dioxide-generating packet (AnaeroPack) and a disposable anaerobic indicator (BBL Gas Pak). 

Gas pac jars were incubated at 37°C {lsotemp Incubator) for 24 to 48 hours. Plates were 

evaluated for zones of inhibition with back lighting and measured to the nearest millimeter. 

, Because results using Bacteroides .fragilis as the test organism were uninformative, 

Clostridium per.fringens was used as the test organism at a subculture dilution of 1: 100 in 

PBS. Five ml of diluted bacteria was added to 750 ml ofmelted_brain-heart infusion agar 

(Difeo) along with 750 µl ofhemin, and mixed well. Twenty-five ml of the bacteria/agar 

solution was placed in 100 x 15 mm plastic culture dishes, and spread uniformly. The agar 
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was allowed to harden for 20 minutes. Approximately 450 ml of melted brain-heart infusion 

agar (Difeo) and 450 µl of hemin were mixed well and 15 ml of the agar was placed over the 

bacteria/agar base and spread uniformly. S~ple wells in the agar were prepared with a 
. . . 

sterile glass P,ipette. · Fifty µl of each experimental tissue culture supernatant was placed into 

the wells. After allowing 15 minutes for the :samples to diffuse into the. ~gar at room 

temperature (24 °C), culture plates were placed in Gas Pac jars (BBL) containing an oxygen

absorbing and carbon dioxide-generating packet_ (An~eroPack) and a disposable anaerobic 

indicator (BBL Gas Pak). Gas pacjars were incubated at 37°C (Isotemp Incubator) for 24 

to 48 hours. Plates were evaluated for zones of inhibition with back lighting and measured 

to the nearest millimeter. 

This method was modified by spreading the Clostridium perfringens on top of the 

plate. Agar plates were prepared as previously described without the addition of bacteria. A 

1 :5 dilution of Clostridium per.fringens was prepared with PBS, and one ml of the bacteria 

solution was placed on top of each plate. The bacteria were spread evenly onto the agar 

surface with a sterile glass rod. Sample wells in the agar were prepared with a sterile glass 

pipette. Thirty µl of each experimental tissue culture supernatant was placed into the wells. 

After 15 minutes for diffusion of the samples into the agar at room temperature (24 ° C), 

culture plates were placed in Gas Pac jars (BBL) containing an oxygen absorbing and carbon 

dioxide-generating packet (AnaeroPack) and a disposable anaerobic indicator (BBL Gas Pak). 

Gas pac jars were incubated at 3 7 ° C (Isotemp Incubator) for 24 to 48 hours. Plates were 

evaluated for- zones of inhibition with backlighting and measured to the nearest millimeter. 
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Minimum Inhibitory Concentration Assays 

Osteoblasts used were from the fifth passage and were plated in 24-well plates at a 

density of 5 x 104 cells per well and the medium was prepared as previously described with 

the exclusion of antibiotics. After 24 hours in incubation conditions for cell attachment, the 

medium was exchanged with the medium containing metronidazole concentrations of 0, 0.5, 

5 and 50 µg/ml ( other antibiotics excluded). Tissue culture supernatant was removed from 

the wells every 24 hours from time O through 4 days. The supernatant was frozen for use in 

the further antibacterial assays. Mean inhibitory concentration trials with 0.5 serial dilutions 

(with the metronidazole control buffer) were then undertaken using the tissue culture 

supernatant recovered from the antibiotic-excluded metronidazole medium. Each 

metronidazole concentration (0, 0.5, 5 and 50 µg/ml) at each time point (0, 24, 48, 72 and 

96 hours) was serially diluted with medium and 200 µl was placed in wells of 96-well plates 

(with a total of 4 repli~ates of each condition). Five µl of_ a suspension of Clostridium 

perfringens, containing approximately 104 bacteria was then place(l in each test well. Culture 
. I 

plates were placed in a desiccator jar· containing an oxygen-absorbing and carbon 

dioxide-generating packet (AnaeroPack)and a disposable anaerobic indicator (BBL Gas Pak). 

Gas pac jars were incubated at 37°C.(Isotemp In~ubator).for 24 to 48 hours. Plates were 

evaluated for mean inhibitory concentration of bacterial growth with back lighting and graded 

as growth or no growth in the dilution sample well. 
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INTRACELLULAR pH DETERMINATION 

Plastic cover slips, 13mm in diameter ( Thermonox Nunc coverslip, PGC Scientifics, 

Gaithersburg~ MD), seeded with osteoblasts treated with the experimental conditions were 

washed 3 times with cell suspension buffer (CSB). The CSB contained 1.3 mM CaC12, 1 

mM MgSO4, 5.4 .mM KCl, 0.44 mM KH2 ~04, 110 mM NaCl, 0.35 mM NaH2 PO4, 5 

mM.glucose, 2 mM glutamine and 25 mMN-2-hydroxyethylpiperazine-N' -2-ethanesulfonic 
. . • I . 

acid n-1EPES) at pH 7 .15 ( at 3 7 ° C). The pH of all solutions was mea.sured at room 

temperature (22 ° C) with a pH meter (Accumet pH Meter 10, Fisher Scientific, Norcross, 

GA). Cells were then incubated for 30 minutes at 37° Cina 5% CO2 atmosph~re with CSB 
. - . 

containing 20 µM SNARF-1/ AM (Semi-naphthorhodafluors; 5-( and-6)- carboxy SNARF-I, 

acetoxymethyl ester, acetate, Molecular Probes, Lot 2652-1)). After 30 minutes of 

incubation, buffer was removed by aspiration, the, cells were washed 3 times with CSB 

containing 0.2% (vol/vol) Nu-serum (0.2% CSB), ·and then incubated in 0.2% CSB for 30 

minutes at 3 7 ° C. Paired cover slips were placed back to back and inserted into the 

fluorometer cuvette. Intracellular SNARF-1 was excited at 534 nm and the fluorescence 

emission spectrum was measured from 584 to 644 nm (FluoroMax-2, Jobin Yvon-SPEX 

Instruments SA, Inc., Edison, NJ). In situ calibration of intracellular SNARF-I was 

conducted by perfusing SNARF-I loaded cells with buffers of known pH plus 6.8 µM of the 

K+ -H+ ionophore Nigericin (Molecular Probes, Eugene, OR, Lot# 0162). 
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CELL CULTURES FOR MESSENGER RNA EXTRACTION 

rissue culture plates (24-well) were seeded with an ~quivalent cell density (per 

cm 2 of.growth surface) as used in the 9~-well proliferation tests ( 6 x i 03 cells per well), and 

placed in the previously described incubation conditions. After 24 hours for cell attachment, 

three wells of each treatment condition (control, 50 and 500 µg/ml metronidazole) were 

prepared for each of the RN~ harvest.time point~. ( 4 hour, 5 day and 36 day). 

RNA ISOLATION 

At the culture time-points of 4 hours, 5 days and 36 days, medium was removed and 

cells were lysed directly in the culture well by adding 0.5 ml of TRizol reagent (Life 

Technologies, Grand Island, NY) per well (Table I). The lysates were passed several times 

through a pipette, and then the three sample wells were pooled into one sample. Samples 

~ere incubated for 5 minutes at 3 0 ° C to permit the complete dissociation of nucleoprotein 

complexes. Phase separation was performed by adding 0.3 ml of chloroform and after 

, vigorous shaking, tubes were centrifuged at 12,000 x g for 15 minutes at 2 ° C (Sigma, model 

number 3K20). The colorless upper aqueous phase containing the RNA was removed and 

placed in a clean tube. Precipitation of the RNA was performed by mixing the RNA phase 

with 0.75 ml of isopropyl alcohol, incubation for 10 minutes at 30° C and subsequent 

centrifugation at 10,000 x g at 2° C for 10 minutes. The supernatant was then poured off, 

leaving a gel-like pellet on the bottom of the tube. The RNA pellet was washed once with 

1.5 ml of 75% ethanol and after vortexing was centrifuged at 7,500 x g for 5 minutes at 2° 

C. After pouring off the ethanol, the pellet was air-dried for 5 minutes, and was dissolved in 
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2 ml ofRNase-free (HPLC grade) water. Samples were then frozen at -70° C until required 

for further investigation. 

REMOVAL OF DNA CONTAMINATION FROM RNA SAMPLES 

100 µl samples of RNA were mixed with 11 µl of restriction enzyme buffer B ( 6 mM 

Tris-HCL, 6 mM MgC12, 50 mM NaCl, and 1 mM DTT at pH 7.5; Promega, Madison, WS, 

Lot# 4502606) and 1 µl of DNAase I, Rnase-Free (Ambion, Inc., Austin, TX, Lot# 332). 

The mixtures were incubated for 30 minutes at 37°C and were then subjected to RNA 

extraction utilizing Trizol reagent as previously described. Prior to the addition of the 

isopropanol in the Trizol protocol sequence, 2 µl of a previously prepared glycogen reagent 

solution was added to enhance precipitation of the RNA. The glycogen reagent solution was 

prepared using 80µ1 of 0.5 M EDTA (pH 8.0), 120µ1 of nuclease-free water and lµl of 

molecular biology grade glycogen (20 mg/ml, Boehringer, Mannheim, lot# 83867672-26). 

The remaining steps of the extraction process were unchanged from those previously 

described. Subsequent to these steps, an RT-PCR reaction was conducted using primers for 

FRA-1 (with and without reverse transcriptase) to evaluate for remaining contamination. 

QUANTIFICATION OF RNA IN SAMPLES 

The amount of RNA present in each sample was determined using a fluorescent 

nucleic acid stain for RNA in solution (RiboGreen RNA Quantitation kit, Molecular Probes, 

Inc., Eugene, OR). A lX strength TE (Tris-EDTA; 10 mM Tris-HCl and 1 mM EDTA at 

pH 7.5) working solution was prepared by diluting the concentrated buffer 20-fold with 
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nuclease-free water. Standard curves were prepared first utilizing the supplied ribosomal 

RNA standard at an initial concentration of 100 µg/ml. Appropriate dilutions of the standard 

RNA sample, RiboGreen reagent and volume of the TE working solution were prepared to 

produce a high-range standard curve utilizing final RNA concentrations in l9-b0Green assay 

from 1 µg/ml to 20 ng/ml ( and a blank) and also a low-range standard curve with RNA 

concentrations from 50 ng/ml to 1 ng/ml (and a blank). Samples were placed in 96-well flat

bottom plates (Lim.bro). Fluorescence for the samples was measured using a fluorescence 

microplate reader and standard fluorescein wave lengths ( excitation 480 nm and emission 520 

nm). Analysis of RNA extracted from the control and metronidazole treated cultures was 

conducted in a similar fashion using 1 µl of RNA sample, 99 µls of the TE working solution 

and 100 µls of the RiboGreen reagent. 

REVERSE TRANSCRIPTASE- POLYMERASE CHAIN REACTION PROTOCOL 

Reverse transcription was performed under the following conditions: 2.5 mM MgC12, 

0.5X PCR buffer II, diethylprocarbonate (DEPC) treated DI water, 0.5 mM dNTPs, 0.5 

U/ µl RNase inhibitor, 1. 7 5 U/ µl MuL V reverse trailscriptase, and random hexamers at a final 

concentration of 1.75 µM (GeneAmp RNA PCR Kit, Perkin Elmer/Roche Molecular 

Systems, Branchburg, New Jersey). Aluminum sample holders in an icebath container 

(Biostor National Scientific) were utilized to keep reagents cool during processing. Samples 

were placed · in MicroAmp reaction tubes (Perkin Elmer/Roche) and inserted into a 

thermocycler (GeneAmp PCR System 2400, Perkin Elme_r/Roche Molecular Systems, 

Branchburg, New Jersey). Reverse transcription was facilitated by a single cycle consisting 



39 

of 15 minutes at 42 ° C (to reverse transcribe), 5 minutes at 99 ° C (to terminate the reaction) 

ending with 5 minutes at 5 ° C . 

Polymerase chain reaction was then conducted to amplify the cDNA products 

resulting from the reverse transcription. For each one µI volume of cDNA product, the 

following reagents were added: 1 mM MgC12, 0.5X PCR buffer II, DEPC treated DI water 

and 1.25 U/100 µl AmpliTaq DNA polymerase. Primers for-use in this experiment were 

designed by Dr. Frank Niagro, Clinical Investigations Department, Eisenhower Army Medical 

Center utilizing the software program Gene Runrier (Hastings Software, Hastings, NY), and 

were produced by Genosys Biotechnologies, Inc., The Woodlands, TX (Tables II and III). 

Forward and reverse primers were prepared from concentrates byadding 5 µl of primer to 
\ 

45 µl of DI water. The master mix contained 0.5 µl of each primer. 

Thermocycling for polymerase chain reaction consisted of 2 minutes at 95 ° C as the 

initial step, followed by 35 cycles of30 seconds at 94 ° C to melt, and 30 seconds at 65 ° C 

to anneal-ext~nd, ending with 7 minutes at 72 ° C. 

Two percent agarose gels for electrophoretic separations were prepared using Tris

Boric Acid, EDTA Buffer ( 0.089 M Tris-borate, 0.089 M boric acid and 0.002 M EDTA 

[TBE], Fisher Biotech, Fair Lawn, NY) and agarose ( Fisher Biotech). Two gm of agarose 

per 100 ml of 0.5X TBE buffer were brought to a boil and held until the agarose was 

dissolved. The solution was allowed to cool in a 60 ° C water bath and then 100 ml was 

poured into a 15cm x 15cm gel tray. 

( 



Table II. 

Source of primer sequen~es . . 
GenBank identification number listed for each gene .. 

Forward or "upstream" primers and 
reverse or "downstream" primers identified 

lntron flank indicates whether each primer pair flanks (yes) 
or does not flank (no) an intron. 



.. cFOS 100370 2096 2620 525 No 

JUNb 103236 399 875' 477 Unknown 

cMYC X01023 821 · 1365 545 No-

Histone H-4 100422 257 523 266 No 

Osteocalcin L24431 31 · 452 422 Yes 

GAPDH M32599 309 905 597 Unknown 

Cyclophilin - M60456 174 580 . 407 Unknown 

~ Actin M12481 72 . 492 420 Unknown 

Osteopontin 104806 66 485 420 Unknown 

BSP-2 120232 396 931 536 Unknown 

Decorin X53929. 232 710 479 Unknown 

Collagen T-1 U08020 2756 3309 . 554 Unknown 

FRA-1 U34245 311 831 521 Unknown 

FRA-2 X83971 173 747 575 Yes 

Histone H2b X02621 . 230 545 316 No 

ST-2 Y07519 240 740 501 Unknown 
I 

~ 
0 



Table III. 

Base sequences from 5' to 3 ~ listed for primers. 
Forward or "upstream" primers and 

reverse or '-'downstream" primers. 
GenBank identification number listed for each gene. 



cFOS I J00370 I 2096 I GCA GAC TGA GAT TGC CAA TC 2620. I CAG CTI GGG AAG GAG TCA G 

JUNb I- J03236 I 399 I TGT CTC TAC ACG ACT ACA AAC 875 I AGT AAC TGC TGA GGT TGG 

cMYC I X01023 I 821 I CAT CCT ATG TTG CGG TCG crA C 1365 TTC AGA GTC GCT GCT GGT GG 

Histone H-4 J00422 257 ATG TCT GGC AGA GGA AAG 523. TAC ACC ACA TCC ATA GCG 

Osteocalcin . L24431 31 CCA GAC CTA GCA OAC ACC ATG 452 CCT CCT GCT TGG ACA TGA AG 

GAPDH M32599 309 CCG GTG CTG AGL~.TG TCG TG I 905 I TGC TGT TGA AGT CGC AGG AG 

Cyclophilin M60456 174 GAG ATG AAT CTG TAG GAC. G I 580 · I GTC TGT CTI GGT GCT CTC 

PActin M12481 72 GAC TCC TAT GTG GGT GAC GAG I 492 I CAT GAG GTA GTC CGT CAG GTC 

Osteopontin J04806 I 66 I GAC CAT GAG A TT GGC AGT G I 485 I TCG ACT GTA GGG ACG ATI G 

BSP-2 120232 396 CAC ACT CTC GGG TGT AAC 931 CGT TCT CGT TGT CAT AGA C 

Decorin X53929 232 ATG AAG GCA ACT CTC ATC 710 AGC TTG GTG ATC TCA TIC --
Collagen I U08020 I 2756 I CTG CTG GTG AGA AAG GAT C I 3309 I AGA GAA GCC ACG ATG ACC 

FRA-1 U34245 311 TTT GTG CCA AGC ATC GAC 831 AGT ACG GGT CCT GGA GAA AG 

FRA-2 X83971 173 AGG ACC TGC AGT GGA TGG TAC 747 GCT GAT GGG CTI GAT GAC AG 

HistoneH2b X02621 230 CAA GGC CCA GAA GAA GGA C 545 GGA GCT GGT GTA CTI GGT GAC 

ST-2 Y07519 240 ACA CTT CCC ATG TAT TIG AC 740 TIC ATC ATC ATG AGT CAC G 
I 

..i::,::. 
i--
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Cooled gels were placed horizqntally in a bath of O.SX TBE. Sample buffer consisted 

of 0.25% bromophenol blue and 30% glycerol in H20. Orte ,ul ofloading buffer and 5 µI of 

each sample were mixed and pipetted, _under buffer, into the wells present in the gels. Gels 

were elec~ophoresed at aii 80 milliampere cons~ant current for approximately 3 hours 

(BioRad Subcell GT bath and Bio Rad Power Pac 300). After electrophoretic separation, 

DNA was stained using. SYBR Green 1 N_ucleic Aci~ Qd Stain (Molecular Probes), for 45 

minutes at room temperature. Product -bands were visualized with an optical scanner 

recording fluorescence emission at 520 nm with an excitation wavelength of 497 nm (Storm 

860 Optical Scanner, Molecul~ Dynamics, Sunnyvale, CA). 

PRODUCT IMAGING CONTROL 

Several dilutions of a Low DNA Mass Ladder (Gibco BRL, Life Technologies, 

Rockville, MD, Lot# JC5723) were electrophoretically separated to demonstrate product 

imaging in the system used. The three concentrations (run in triplicate) of the ladder were 2µ1 

of the DNA ladder ( containing 60 ng of 1200 bp DNA fragments, 40 ng of 800 bp DNA 

fragments and 20 ng of 400 bp DNA fragments) with 8µ1 TBE (Tris-Borate-EDTA) and 2 

µl of RNA sample loading buffer; 4µ1 of the DNA ladder with 6µ1 TBE and 2 µl of RNA 

sample loading buffer, 8µ1 of the DNA ladder with 2µ1 TBE and 2 µl of RNA sample 

loading buffer. 
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LINEAR AMPLIFICATION CONTROL 

A 597 bp GAPDH (glyceraldehyde-3-phosphate dehydrogenase) PCR product band 

was excised from a previously run agarose gel with a sterile scalpel, and placed in a 1.5 ml 

microfuge tube. The gel slice was weighed and found to be approximately 0.4 gm. A volume 

of 1.2 ml QXl Buffer from the QIAEX II Gel extraction kit (QIAGEN Inc., Santa Clara, CA) 

was added to· the tube containing the gel slice. The QIAEX II reagent was resuspended by 

vortexing for 30 seconds, and 30µ1 was added to the gel tube. The gel and reagents were 

then placed in a 50 ° C water bath for 10 minutes to solubilize the agarose and bind the DNA. 

The mixture was vortexed every 2 minutes to keep the QIAEX II in suspension._ The sample 

tube was then centrifuged for 30 seconds and the supernatant was carefully removed with a 

pipette. The resulting pellet was washed with 500µ1 of Buffer QXl by resuspending and then 

centrifuging. The supernatant was removed and the pellet was washed twice with 500µ1 of 

Buffer P~. The pellet was allowed to air dry for 15 minutes and was then resuspended in 

20µ1 of dH20. After fmal centrifugation, the supernatant containing the purified DNA was 

removed and placed into a clean tube. 

The purified DNA was quantified using the Pico Green DNA quantification kit 

(Molecular Probes, Eugene, OR), a fluorescent nucleic acid stain for quantifying double

stranded DNA in solution. A TE working sol~~ion was made by d1luting 100µ1 of the 20X 

buffer with 1.9111:I of dH20 . .10µ1 of the Pico Green reagent was mixed in 2.0 ml of the TE 

working solution. In a standard 96-well plate, the control well consisted of 100µ1 of the TE 

buffer and 100µ1 of the Pico Green:reagent. The sample wells contained 5µ1 of the purified 

DNA that was prod~ced from the agarose gel extraction, -95µf of TE buffer and 100µ1 of the 
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Pico Green reagent. The samples were excited at 480 run and the fluorescence emission 

intensity was measured at 520 run using a spectrofluorometer. Fluorescence emission 

intensity was then plotted versus DNA concentrations based on a generated standard curve. 

PCR was then conducted using serial dilutions of the DNA sample in duplicate for a 

linear amplification control beginning with the full-strength agarose gel extract which had 

been calculated to contain approximately 3.0 x 107 molecules of DNA per µI. Subsequent 

dilutions used were 3.0 x 106
, 3.0 x 105

, 3.0 x 104
, 3.0 x 103

, and 3.0 x 102 molecules of 

the GAPDH gene sequence per µl and were run under the standard PCR protocol. 

Electrophoresis product bands were stained and quantified using standard pixel density 

comparison. 

An additio~~l amplification linearity control was conducted by taking the 3 7-day 
. ~ •. 

tissue-culture~~xtractiori-RNA samples from control, 50 and 500 µg/ml metronidazole 

condition's at full strength and at a 1 :50 dilution in dH20. These samples were subjected to 

reverse transcription and then PCR with the 'GAPDH primers, and the primers for H-4 

histone. The electrophoresis product bands were stained and quantified using standard pixel 

density comparison. 



RESULTS 

PRIMARY CELL CULTURES AND FROZEN CELLS 

The ·127 harvested calvaria __ yielded 2 x 107 total cells. Frozen cells utilized 

throughout the experiment displayed similar characteristics of morphology and response as 

would be expected from nonfrozen cultures. 
- .. 

FLUORESCENCE ASSAY ST AND ARD CURVES AND SEEDING DENSITY 

The fluorescence standard curve generated for the CyQUANT proliferation assay was 

linear with stock DNA to· 2.5 x I 05 pg/ml (Figure 2). Fluorescence was quantified in 

'Fluorescence Unit~' which are specific for the measuring instrument and technique used. The 

standard curve for cell number based on fluorescence did not demonstrate a linear curve to 

50,000 cells as expected (Figure 3). The original assay cell lysates were diluted at a 1:10 

ratio (20µ1 cell lysate mix to 180 µl CyQUANT-GR working solution). This dilution · 

· demonstrated a sensitivity from 200 to 50,000 cells in a linear fashion (Figure 4). This 

dilution sequence was used on all subsequent proliferation assays. 

, Ninety-six well plates were prepared and growth was evaluated to 28 days with the 

following cell seeding densities: I 0,000 cells; 5,000 cells; 1,000 cells; 500 cells; I 00 cells; 50 

cells; and 10 cells per well (Figure 5). Seeding densities of 10, 50 and I 00 cells per well 

45 



Figure 2. 

Fluorescence standard curve for known DNA quantities (Ex=485nm). 
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Figure 3. 

Standard curve for cell number fluorescence (Ex=485nm). 

Original cell culture lysates. 
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Figure 4. 

Standard curve for cell number fluorescence (Ex=482nm). 
0 - 5 0, 000 cells. 

Dilutions of the original cell culture lysates at a I: IO ratio 
(20µ1 cell lysate mix to 180 µl CyQUANT-GR working solution). 
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Figure 5. 

Cell proliferation curve at various plating densities. 

Dilutions of the original cell culture lysates at a 1: 10 ratio. 
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demonstrated poor proliferation over the course of study. A seeding density of 10,000 cells 

per well appeared to display significant cell growth inhibition beyond day 10 in culture. A 

cell-seeding density of 1,000 cells per well (in 96-well plates) demonstrated the best 

· proliferation in this culture system and was selected for use in subsequent stages of the 

experiment. 

CELL PROLIFERATION ASSAYS 

In the first proliferation assay, calvaria-harvested cells treated with concentrations of 

0 ( control), 5, 20, 50, 200 and 500µg/ml metronidazole in culture medium displayed a gradual 

increase in measured nucleic acid fluorescence at all concentration conditions (Figures 6 and 

7). Cells treated with 500µg/ml metr<?nidazole in medium demonstrated decreased 

proliferation ( as indicated by measured nucleic acid fluorescence) compared to the other 

conditions t~oughout the culture period. Cells treated with 50µg/ml metronidazole 

demonstrated incr~ased proliferation compared to the other conditions throug~out the culture 

period. Cells treated with 5 and 20µg/ml metronidazole demonstrated similar proliferation 

as compared to the control conditions throughout the culture period. Cells treated with 

200µg/ml metronidazole in medium demonstrated variable effects on cell proliferation as 

compared to the other :conditions throughout the culture perio·d~ Focus concentrations of 

metroni~azo_le in medium were established for the additional cell proliferation ~valuations at 

0 ( control) 50, and 500µg/ml. 

In the second proliferation assay (first repeat) in.metronidazole conditions, calvaria

harvested cells treated with concentrations of 0 ( control), 50, and 500µg/ml metronidazole 



Figure 6. 

Proliferation of calvaria harvested cells with metronidazole treatment. 
All six original conditions are represented. 

Cells are from first harvest. 

Dilutions of the original cell culture lysates at a I: IO ratio. 
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Figure 7. 

Proliferation of calvaria harvested cells with metronidazole treatment. 
Three focus conditions are represented. 

Cells are from first harvest. 

Dilutions of the original cell culture lysates at a 1: 10 ratio. 
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again displayed a steep increase in measured nucleic acid fluorescence at all concentration 

conditions during the first five days? then leveled off throughout the remaining time periods 

(Figure 8). At then end of the culture period, cells treated with 500µg/ml metronidazole 

demonstrated decreased cell number compared to the 50µg/ml metronidazole condition and 

the control. Cells treated with 50µg/ml metronidazole demonstrated increased cell number 

compared to the other conditions at the end of the culture period~ 

In the third proliferation assay (second repeat) inmetronidazole conditions, calvaria 

cells from a new harvest were treated with concentrations of 0 ( control), 50, and 500µg/ml 

metronidazole and displayed a slight increase in measured nucleic acid fluorescence at all 

concentrations through the culture period, although this was seen the most toward the end 

ofthe culture period. The increase in fluorescence was less dramatic than that demonstrated 

in the two previous assays (Figure 9). Again, cells tre~ted with 500µg/ml metronidazole 

demonstrated decreased proliferation compared to the other conditions at the end of the 

culture period.· Cells treated with 50µg/ml metronidazole demonstrated increased 

proliferation compared to the other conditions at the end of the culture period. 

CELL CULTURE STAINING 

Cell cultures stained with the Von Kossa method demonstrated numerous darkly 

, stained nodules at all metronidazole concentration_s when evaluated at day 37 in culture. 

Differences were observed in the. munber · of ~odules;_ cultures treated with 50µg/ml 
.· . . . \ 

metronidazole displayed: the greatest number of nodules and-d~nsity of cells,_ followed by the 
. . ~ 

control culture. The 500 µg/ml metronidazole treated cells displayed the least nodule 



Figure 8. 

Proliferation of calvaria harvested cells with metronidazole treatment. 
Three focus conditions are represented 

Repeat from cells of first harvest. 

Dilutions of the original cell culture lysates at a I: 10 ratio. 
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Figure 9. 

Proliferation of calvaria harvested cells with metronidazole treatment. 
Experiment is a repeat with cells from a second calvaria harvest. 

Dilutions of the original cell culture lysates at a 1: 10 ratio. 
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formation and cell density as viewed by light microscope (Figures 10, 11, and 12). Cell 

morphology could also be appreciated with tlus stain (Figure 13). The cell culture stained 

for the preseµce of. alkaline . phosphatase demonstrated· n~erous cells displaying the 

characteristic red color (Figure 14); 

INTRACELLULAR pH 

In a 22 °c workroom, th,e ~easured pH for-CSB and 2%·FBS was 7.1. Mixtures of 

CSB and FBS at final metronidazole concentrations of 5, 20, 50, 200 and 500 µg/ml all had 

a pH of 7.0. Cover slips with osteoblasts treated with the above conditions of metronidazole 

displayed no difference in measured fluorescence for intracellular pH with s·emi

naphthorhodafluors; 5-( and-6)- carboxy SNARF-I, acetoxymethyl ester as compared to non

metronidazole control (Figure 15). 

RESIDUAL METRONIDAZOLE IN SUPERNATANT 

-SORBENT AND NITROMETHANE EXTRACTION WITH GCMS 

Isolation of metronidazole present in the supernatant at various culture times and 

conditions was attempted utilizing· the sorbent-based Hydrophilic-Lipophilic Balance 

copolymer extraction cartridges (Oasis Extraction Cartridges). Analysis of the extracted 

product with gas chromatography utilizing selective ion detection did not demonstrate usable 

data and could not demonstrate the presence of metronidazole. 



Figure 10. 

Photomicrograph of calvaria harvested cells in culture. 
Day 36, no metronidazole in medium (contr.ol). 

Von Kossa staining, nuclear fast red counter stain. 
(Original magnification x 24) 
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Figure 11. 

Photomicrograph of calvaria harvested cells in culture. 
Day 36, 50µglml metronidazole in medium. 

Von Kossa staining, nuclear fast red counter stain. 
(Original magnification x 24) 
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Figure 12. · 

Photomicrograph of calvaria harvested cells in culture. 
Day 36, 500µg/ml metronidazole in medium. 

Von Kossa staining, nuclear fast red counter stain. 
(Original magnification x 24) 
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Figure 13. 

Photomicrograph demonstrating morphology 
of calvaria harvested cells in culture. 

Day 36; 500µg/ml metronidazole in medium. 
Von Kossa staining, nuclear fast red counter stain. 

(Original magnification x 60, phase contrast) 



60 



Figure 14. 

Photomicrograph of calvaria harvested cells in culture. 
Day 7, control medium . 

Alkaline phosphatase staining. 
(Original magnification x 24) 
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Figure 15. 

Fluorescence emission spectrum. 

Intracellular pH of calvaria harvested cells exposed to metronidazole in culture 
( + met) and not exposed (- met) versus pH controls. 

Cells incubated with 20µM SNARF-I/AM , 
Calibration control cells pre-incubated with nigericin and 

then placed in standardized buffers at pH 5. 0, 6. 0, 8. 0 and 9. 0. 
(Excitation wavelength 534nm) 
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Tissue culture supematants drawn at day 0~ 2 and 4 of incubation from cell cultures 

treated with 5, 50 and 500 µg/ml metronidazole in medium were extracted with 

nitromethane. The extraction product was analyzed via gas chromatography with selective 

ion detection. Characteristic ion peaks for metronidazole were identified at 10.85 minutes for 

ion 81.00 and ion 124.00 at 50 and 500 µglml metronidazole concentrations in the extracted 

medium (Figures 16 and 20). Characteristic ion peaks for metronidazole at 10.85 

minutes could not be demonstrated for 5 µg/ml metronidazole concentrations in the extracted 

medium. 

A control in this technique was conducted to determine if nifrometh_ane extracted. any 

significant products from the tissue culture supernatant that would interfere with the 

chromatograms. Analysis with gas chromatography utilizing selective ion detection on 

nitromethane extracted medium alone (without metronidazole adqed) did not demonstrate 

any significant chromatogram peaks that would affect detection of metronidazole (Figure 19). 

Extraction efficiency f(?r nitromethane was determined by drying down ( without 

nitromethane extraction) metronidazole solutions at the same concentrations (5, 50 and 500 

µg/ml) using the metronidazole buffer solution as the dilutent to achieve known 

concentrations (no medium). Gas chromatography with selective ion detection of these 

samples demonstrated an extraction efficiency of approximately 80% for nitromethane as 

demonstrated by comparison with established metronidazole chromatograms of characteristic 



Figure 16. 

Ion mass spectrum chromatogram for metronidazole. 
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Figure 17. 

Top figure is ion mass spectrum chromatogram (non-extracted) 
for 50µg/ml metronidazole concentratio_n in methanol. 

Bottom figure is ion mass spectrum chromatogram 
for metronidazole. 
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Figure 18. 

Gas chromatogram peaks at 10. 85 minutes. 
Jon 81.00 and ion 124.00 chromatograms shown for (non-extracted) 

50µg/ml metronidazole in methanol. 
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Figure 19. 

Gas chromatogram peaks at 10. 85 minutes. 
Ion 81.00 and ion 124.00 chromatograms shown for nitromethane 

extraction of medium only. 
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Figure 20. 

Gas chromatogram peaks at 10. 85 minutes. 
Ion 81.00 and ion 124.00 chromatograms shown for each sample. 

Nitromethane extraction and resuspension in methanol. 

a. Day 0 supernatant, 50µg/ml metronidazole . 
. b. Day 2 supernatant, 50µg/ml metronidazole. 
· c. Day 4 supernatant, 50µg/ml metronidazole. 
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ion peak abundance for metronidazole ~t 10.85 ~inutes forion 81.00 and ion 124.00 (Figures 

17 and 18). 

UV SPECTROPHOTOMETRIC ANALYSIS 

Standard curve for absorption of metronidazole samples at concentrations of 0.5, 5 

and 50 µg/mlwas within expected ranges (Figure 21 ). Various levels of metronidazole in the 

media which were extracted by nitromethane displayed negative absorption values, suggesting 

that amino acids or other UV absorbing materials were also extracted by the nitromethane. 

Nitromethane extraction of the medium only also demonstrated these negative absorbance 

characteristics (Figure 22). 

ANTIBACTERIAL ACTIVITY OF SUPERNATANT 

Due to the fact that residual metronidazole could not be detected in the medium below 

the 50 µg/ml level with gas chromatography with selective ion detection, a biological activity 

assay also was used in an effort to detect lower levels of metronidazole and to evaluate if 

there had been changes in biological activity. When Bacteroides fragilis was utilized as the 

test organism and diluted from the subculture at 1 :50 in PBS, after 48 hours at 37°C, agar 

plates did not demonstrate any significant bacterial growth. The failure of bacterial growth 

was thought possibly to be caused by poor nutritional support for bacterial growth. 

· Therefore, it was then decided to repeat the bacterial assay with enriched agar. 



Figure 21. 

Standard curve for spectrophotometric analysis of metronidazole. 
Nitromethane extraction and suspension in 0.1NH2S04_ 

Extractions from 0.5, 5.0 and 50 µg/ml metronidazole 
in· non-medium solution. 
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Figure 22. 

Spectrophotometric analysis of metronidazole in medium. 
Nitromethane ex~action and suspension in 0.1NH2S04_ 

a. Extra_ction from 5. 0 µg/ml metronidazole non-medium solution. 
b. Extraction from 5. 0 µg/ml metronidazole medium at day 0. 

c. Nitromethane extraction of medium only. 
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Bacteroides fragilis was plated in a similar fashion on brain-heart infusion agar and used to 

test antibacterial activity. At 48 hours there were definite clear zones demonstrated at the 

50µg/ml metronidazole medium concentration sample sites, but the other conditions had 

questionable results. -It was decided that the numbe:r; of bacteria may have been a limiting 

factor, and that the density of the bacteria in the agar should be increased. 

The subculture dilution was decreased from 1 :50 to 1 :5 Bacteroides fragilis 

bacteria in PBS. Even with the IO-fold increase in bacterial seeding of the agar, the clear 

zones demonstrated at 48 hours did not display a significant pattern and suggestions of 

patterns were not consistent. It was thought at this point in the biological activity assay of 

the tissue culture supernatant that the bacteria, Bacteroides fragilis, may not be an 

appropriate target organism for our assay system. 

A second test organism, Clostridium perfringens, was used at a subculture dilution 

of 1: 100 bacteria in PBS. Experience with inconsistent results with Bacteroides fragilis as 

the assay organism along wit~ literature suggesting Clostridiu'!' perfringens to be more 

sensitive to low concentrations of" metronidazole, led to the selection of Clostridium 

perfringens as the next assay bacteria. The initi~l attempt in this series of assays, resulted in 

significant gas production by the bacteria which were incorporated into the bottom layer of 

_ agar as previously described in the -methods and materials. The gas production lifted and 

separated the gel from the bottom of the plate and made it impossible to accurately determine 

the character of developed clear zones. 

In order to overcome the gas production problem, brain-heart infusion agar with 

hemin was placed in culture dishes and a 1 :5 dilution of Clostridium perfringens was evenly 
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spread on the agar surface with a sterile glass rod. A second layer of agar without bacteria 

was then poured. At 48 hours, there were 10cm clear zones demonstrated for nearly all 

conditions to include the control conditions (no metronidazole ). 

After multiple attempts to gain usable data from these agar diffusion trials, it became 

obvious that the antibiotics, which were standard in the MEM ingredients (in addition to the 

metronidazole), were possibly affe~ting the-outcome of the.trials. It was then decided to 

repeat the tjssue-culture-supernatant-harvest with culture medium prepared without 

antibiotics.-

Mean inhibitory concentration trials with 0.5 serial dilutions of recovered tissue 

culture supernatant using .Clostridium perfringens as the test organism wereprepared with 

two test samples (with replicates) utilized· for each condition evaluated, resulting in a total of 

4 sep~ate .samples per condition. All controls without metronidazole (at all time points) 

displayed bacterial growth. Concentrations of 0.5 µg/ml metronidazole from cell cultures 

were non-inhibitory for bacterial growth, but a "control 0.5 µg/ml metronidazole" 

(metronidazole concentration serially diluted at the time of test plate preparation and not 

subjected to 4 days contact with the medium, nor to freezing) demonstrated inhibition of 

bacterial growth at a concentration of approximately 0.0019 µg/ml metronidazole and above. 

A similar MIC was observed in the plates with tissue culture supernatants derived from the 

5 µg/ml metronidazole treated cultures. Tissue culture supernatant from the 50µg/ml 

metronidazole treated cultures demonstrated a consistent finding of above 1.56 µg/ml as the 
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level (MIC) at which no Clostridium perfringens bacterial growth was found at all time points 

from O through 4 days (Table IV). This MIC assumes no loss of drug due to breakdown in 

culture. 

CELL CULTURE FOR RNA HARVEST 

Cells seeded ( approximately 5 x 104 cells per well) for RNA extraction appeared to 

demonstrate similar culture characteristics as those exhibited by the cell proliferation cultures. 

RNA EXTRACTION/DNA CONTAMINATION OF SAMPLES 

Samples from all conditions and time points were evaluated for DNA 
. \ 

contamination. Pairs of samples, one with reverse transcriptase added, -and op_e without, were 
. . . : . . . 

subjected to· reverse transcription polymerase chain reaction with Collagen I primers and 

electrophoretically separated. Product bands. for the 3 7-day samples demonstrated DNA 

contamination, along with an unexpected product at 154 bp, and were subjected to an 

extraction process to remove the contaminants. During the re-extraction procedures, a 

glycogen reagent mixture was used to promote precipitation of the RNA. The purified 

samples were then subjected to RT-PCR, with and without reverse transcriptase, using the 

FRA-1 primers. The resultant product bands from the electrophoretic separation · 

demonstrated the expected product in the sample with reverse transcriptase, and no further 

suggestions of either DNA contamination or the unknown product at 154 bp (Figure 23). 



Table IV. 

Antibacterial activity of tissue culture supernatant. 
Serial dilutions of 50µg/ml metronidazole medium. 

Tx is time in hours supernatant was in tissue culture. 
++ denotes Clostridium perfringens growth, -- denotes no bacterial growth. 
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Figure 23. 

DNA contamination of samples. 
RT-PCR products separated electrophoretically on 2% agarose gel. 

a. All time point samples with and without reverse transcriptase. 
Type I collagen primer. 

b. Day 3 7 samples after DNA extraction. 
FRA-1 primers. 

+ I - is addition of reverse transcriptase. 
Times are culture exposure in metronidazole medium. 

Filled arrow denotes DNA contamination. 
Unfilled arrow denotes unknown product. 
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QUANTIFICATION OF RNA IN SAMPLES 

Fluorescence was expressed as a Unit of Fluorescence as established by the standard 

curve, specific for the conditions, reagents and measuring inst~ent. · Measured fluorescence 

for the· ~ount of RNA present in the samp~es extracted from the . cell_s in culture 

demonstrated similar levels in the time zero control, all 4-hour samples and all 5-day samples. 

Evaluation of the 3,7-daf samples_suggested a similar fluorescence for the control sample, 

but nearly 5 times the fluorescence for the 50-µg/ml metronidazole medium cells. The RNA 

sample from the 500 µg/ml metronidazole medium cells demonstrated nearly 3 times the 

fluorescence as compared to the n'.o-metronidazole control sample (Figure 24). 

RT-PCR RNA AMPLIFICATIONS 

While mRNA from the genes c-fos, jun-B, c-myc, Histone H-4, Osteocalcin, 

GAP DH, Cyclophilin,P-actin, Osteopontin (BSP-l),BSP-2,Decorin, Type I collagen,fra-1, 

fra-2, Histone H2b and ST-2 was initially subjected to RT-PCR, electrophoretic separation 

and evaluation, logistics and data interpretation factors channeled the study to focus on the 

genes c-fos,jun-B, c-myc, Histone H-4, Osteocalcin and GAP DH. An overview ofrelative 

RT-PCR product density can be ~een in Table V. 

A representative agarose gel containing c-fos RT-PCR products (and GAPDH 

products as internal normalizing control) demonstrates distinct GAP DH product bands for 

all conditions (Figure 25). Slight PCR product bands are present in the lanes corresponding 

to c-fos 4-hour control and 5-day control. A moderate density product band is present in the 



Figure 24. 

Quantitation of RNA extracted from calvaria harvested cells 
in culture with metronidazole medium. 

RiboGreen fluorescent nucleic acid stain for RNA in solution. 
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Table v.· 

RT-PCR product band pixel density. 
Density as compared to internal GAP DH control 

for same condition. 

+ equals 0-24% ofGAPDHpixel density. 
++ equals 25-49% of GAP DH pixel density. 

+++ equals 50-74% ofGAPDHpixel density. 
++++ equals 75% or greater of GAP DH pixel density. 
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Figure 25. 

RT-PCR products for c-fos. 

RNA extracted from calvaria harvested cells in culture subjected to 
0, 5 0 and 5 OOµg/ml metronidazole in medium. 

Samplesfrom 4 hours, 5 days and 3 6 days. 
GAP DH primers for internal controls. 

Separated electrophoretically on 2% agarose gel. 

Unfilled arrow denotes expected GAP DH product (597 bp). 
Filled arrow denotes expected c-fos product (525 bp). 
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lane corresponding to c-fos 4 hour, 500µg/ml metronidazole, and a significant density product 

band can be seen for c-fos in the lane for 36-day, 50µg/ml metronidazole. 

A representative agarose gel ~ontainingjun-B RT-PCR products (and GAPDH 

products as internal normalizing control) demonstrates distinct GAP DH product bands for 

all conditions (Figure 26). Slight product bands are present in the lanes corresponding to jun

B 5 day, 50µg/ml metronidazole and 36-day control. Moderate density product bands are 

present in the lanes corresponding to jun-B 4 hour, control and 50µg/ml metronidazole, and 

significant density product bands can be seen forjun-B in the lanes corresponding to 36-day, 

50 and 500µg/ml metronidazole. 

A representative agarose gel containing c-myc RT-PCR products (and GAPDH 

products as internal normalizing control) demonstrates distinct GAP DH product bands for 

all conditions (Figure 27). A slight product band is present in the lane corresponding to c

myc 5 day, 50µg/ml metronidazole. A significant density product band can be seen for c-myc 

in the lane corresponding to 36-day, 50 µg/ml metronidazole. 

A representative agarose gel containing Histone H-4 RT-PCR products ( and GAP DH 

products as internal normalizing control) demonstrates distinct GAP DH product bands for 

all conditions (Figure 28). A slight product band is present in the lane corresponding to 

Histone H-4 5 day, 50µg/ml metronidazole. A moderate density product band is present in 

the lane corresponding to Histone H-4 4 hour, 500µg/ml metronidazole, and significant 

density product bands can be seen for Histone H-4 in the lanes corresponding to all the 

remaining conditions and time points 



Figure 26. 

RT-PCR products for jun-B. 

RNA extracted from calvaria harvested cells in culture subjected to 
0, 50 and 500µg/ml metronidazole in medium. 

Samples from 4 hours, 5 days and 3 6 days. 
GAP DH primers for internal controls. 

(2% agarose gel) 

Unfilled arrow denotes expected GAP DH product (597 bp). 
Filled arrow denotes expectedjun-B product (477 bp). 
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Figure 27. 

RT-PCR products for c-myc. 

RNA extracted from calvaria harvested cells in culture subjected to 
0, 50 and 500µg/ml metronidazole in medium. 

Samples.from 4 hours, 5 days and 36 days. 
GAP DH primers for internal controls. 

(2% agarose gel) 

Unfilled arrow denotes expected GAP DH product (597 bp). 
Filled arrow denotes expected c-myc product (545 bp). 



83 

4Hr DayS Day 36. , 

-
( 

•• ,. 
c-,nyc , GAPDH c-myc GAPDH c-myc GAPDH 



Figure 28. 

RT-PCR products for Histone H-4. 

RNA extracted from calvaria harvested cells in culture subjected to 
0, 50 and 500µg/ml metronidazole in medium. 

Samples from 4 hours, 5 days and 3 6 days. 
GAP DH primers for internal controls. 

(2% agarose gel) 

Unfilled arrow denotes expected GAP DH product (597 bp). 
Filled arrow denotes expected Histone H-4 product (266 bp). 
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A representative agarose gel containing Osteocalcin RT-PCR products ( and GAP DH 

products as internal normalizing control) demonstrates distinct GAP DH product bands for 

all conditions (Figure 29). Slight product bands are present in the lanes corresponding to 

Osteocalcin 4 hour, control and 50µg/ml metronidazole. A moderate density product band 

is present in the lane corresponding to Osteocalcin 4 hour, 500µg/ml metronidazole. 

PRODUCT IMAGING CONTROL 

Several dilutions of a Low DNA Mass Ladder were electrophoretically separated and 

demonstrated consistent band density/ng DNA in the system used (Figure 30). The three 

different concentrations (run in triplicate) of the ladder demonstrated linear pixel density for 

60, 120 and 240 ng of 1200 hp DNA fragments. Eight hundred hp DNA fragments in the 

· amount of 40, 80 and 160 ng was linear as was the pixel density for 20, 40 and 80 ng of the 

400 bp DNA fragments (Figure 31). 

LINEAR AMPLIFICATION CONTROL 

Fluorescence emission with the Pico Green assay for the GAPDH PCR product from 

the gel extraction procedure indicated a concentration of approximately 20 ng/ml of DNA. 

With the GAPDH amplified product having a length of 597 kb, and using· 660 g/mole 
. . . 

molecular weight per base._pair, the molecular weight would be 394,020 g/mole (ng/nmole ). 

Twentyng/ml concentration divided by 394,020 ng/nmole yields 5 x 10-5 nmoles/ml ( 5 x 10-2 

nmoles/1 or 5 x 10-2 molar or 5 x 1 o-s nmoles/ µI or 5 x 10-17 moles/ µl). 5 x 10-17 moles/ µl 

multiplied by Avogadro's number of 6.02 x 1023 molecules/mole yields 30 x 106 



Figure 29. 

RT-PCR products for Osteocalcin (OC). 

RNA extracted from calvaria harvested cells in culture subjected to 
0, 50 and 500µg/ml metronidazole in medium.: 

Samples from 4 hours, 5 days and 3 6 days. 
GAP DH primers for internal controls. 

(2% agarose gel) 

Unfilled arrow denotes expected GAP DH product (597 bp). 
Filledc_in~ow denotes expected OC product (422 bp). 
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Figure 30. 

Product imaging control gel. 

Volume of Low DNA Mass Ladder in total sample volume of 12µls. 
Samples separated electrophoretically (in triplicate) 

on 2% agarose gel. 

Iµl of/adder contains 30 ng of 1200 hp.fragments, 20 ng of BOO hp.fragments and 
10 ng of 400 bp DNA fragments. 
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Figure 31. 

Standard curve for product imaging control 
utilizing Low DNA Mass Ladder samples. 

Volume of Low DNA Mass Ladder in total sample volume of 12µls. 

lµl of ladder contains 30 ng of 1200 hp fragments, 20 ng of BOO hp fragments and 
10 ng of 400 bp DNAfragments. 
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molecules/ µl of the GAPDH amplified product in the . extraction solution. Undiluted 

extraction products at 3.0 x 107 molecules/ µl of GA.PD Hand the subsequent dilutions of 3.0 

x 106
, 3.0 x 105

, 3.0 x 104
, 3.0 x 103 and 3.0 x 102 molecules of GAPDH product per µl 

were run under the standard PCR protocol. 

PCR product bands on the agarose gel demonstrated increasing densities as dilution 

strength decreased (Figure 32). Pixel density analysis of the product bands demonstrated a 

linear amplification curve to approximately 3.0 x 106 molecules of GAPDH (Figure 33). 

PCR product band pixel density comparison for amplification linearity control with 

3 7-day tissue-culture extracted-RNA samples from control, 50 and 500 µg/ml metronidazole 

was. evaluated at conditions of full strength and at a 1 :50 dilution in dH2O after 

electrophoretic separation of the RT-PCR products with the GAPDH and H-4 Histone 

primers. Product band pixel density comparison demonstrated that GAPDH products at the 

1 :50 dilutions exhibited an average of 59% of the pixel density exhibited by the 1: 1 controls. 

Product band pixel density comparison for Histone H-4 demonstrated that the 1: 50 dilutions 

exhibited an average of 4 7% of the pixel density exhibited by the 1: l controls (Figure 34). 



Figure 32. 

Linear amplification control. 

GAP DH amplified product extracted from agarose gel, purified and 
" subjected to PCR. ( in duplicate). . 

Separated electrophoretically on 2% agarose gel. 

(107 represents 3. 0 x I 07 molecules of GAP DH amplified product in sample) 
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Figure 33. 

Standard curve for linear amplification control 
utilizing extracted GAP DH 

Dilution 1 represents 3. 0 x 102 molecules of GAP DH in sample 
Dilution 2 represents 3. 0 x 103 molecules of GAP DH in sample 
Dilution 3 represents 3. 0 x 104 molecules of GAP DH in sample 
Dilution 4 represents 3. 0 x 105 molecules of GAP DH in sample 
Dilution 5 represents 3. 0 x 106 molecules of GAP DH in sample 
Dilution 6 represents 3. 0 x 107 molecules of GAP DH in sample 
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Figure 34. 

Linear amplification control utilizing tissue culture RNA samples. 

Control, 50 and 500µg/ml metronidazole 
in tissue culture supernatant, Day 3 7. 

· RT-PCJ?. at full sample strength and 1:50 dilution with dH20. 
· Separated electrophoretically on 2% agarose sel. 

(First and second samples from left were· loaded in reverse and are CQrrect as labeled) 
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DISCUSSION . 

With epidemiological studies suggesting that as much as 50% of the populationhas 

some form of periodontal disease, control of this disease represents a significant issue in 

health care today. Reduction or eradication of the primary etiological factor, bacteria, must 

be achieved or the host inflammatory response will result in continued loss of periodontal 

supporting structures. Surgical therapy designed to remove bacteria and their deposits from 

the tissues has proven to be effective in inany, but not all c·ases. Because of its specificity of 

action t.owards the suspected anaero,bic periodontal pathogens, metronidazole has been used 

in the treatment of periodontal disease. Recent recommendations for its use include 

nonsurgical treatment of periodontal disease, routine postsurgical antibiotic coverage, and 

adjunctive treatment of those patients not responding to conventional therapy. Current 

protocols su$gesting local or topical application of antibiotics and development of intra

crevice slow release antibiotic devices suggest that ~e healing tissue response be closely 

evaluated with regard to this exposure. Local delivery methods for metronidazole may result 

in even greater drug concentrations and longer term exposure than can be achieved with safe 

oral or parenteral doses. 

This study evaluated, in vitro, the effects of various concentrations of metronidazole 

on osteoblast growth and differentiation. Proliferation of bone-forming cells and the 
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expression of several proto-oncogenes identified in the control of cell proliferation was 

examined. The calvaria-derived cells in this experiment appear to be osteoblasts, and display 

many of the morphological, histological, histochemical and genetic transcriptional features 

consistent with o·steoblasts, as reported in the literature. .Observations of morphology by 

light microscope identified cells in this study ~hat morphologically resemble osteoblasts, and 

as the cell cultures matured, the morphology progressed as described in the literature 
( 

(Pockwinse et al. 1992). In the early stag.es of culture in this experiment, the cells were 

relatively large with_h~ghly convoluted borders as reported by·\Vong and Cohn 1974. The 
,: ' ,' I 

cultures in this experiment exhibited morphologies ranging from spindle-shaped to polygonal 

during the early stages of growth and had reached confluence by day 6 as described by 

Bellows et al. 1986. The cells in this experiment tended to grow together in clumps, to 

become multilayered ,and grow in a suggestive circular swirling pattern throughout the 

culture well as reported by Gerstenfeld et al. 1987. At about day 12, piles of cells in this 

experiment were seen forming near numerous nodules on the floor of the culture well as 

described by Harris et al. 1995. 

The mineralization ability of the bone-like cell cultures in the current study, confirmed 

by the Von Kossa method, appears to be similar to other osteoblast primary cell cultures 

reported in the literature (Stein and Lain 1993). Numerous studies have found small focal 

~ 

points· of mineralization, as early as five days and as late as 14 days, in confluent cell cultures 

treated with beta-glycerophosphate and ascorbic acid (Whitson et al. 1983; Ecarot-Charrier 

et al. 1983; Bellows et al. 1986; Gerstenfeld et al. 1987; Ecarot-Charrier et al. 1988; 

Zimmerman et al. 1991; Collin et al. 1992; Harris et al. 1995). Mineralization in osteoblast 
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cell cultures is dependent on several factors, one of which is cell density. Mineral deposition 

occurs only within multilayered parts of the cell culture (Ecarot-Charrier et al. 1988). 

Evidence of mineralization in cultures in the present investigation was only tested at day 36, 

as the goal was to determine the presence or absence of mineralized nodules. Additional Von 

Kossa stains at various t_ime poirits could .be used· to identify when mineralization occurs in 

this protocol._ More substantial proof that the mineraliz~d nodules were formed as a result 

of the action ofbonelike cells would require some additional testing, such as X-ray diffraction 

analysis of ground lyophilized samples of cultures (Ecarot-Charrier -et al. 1988). 

Ultrastructural observation using SEM or TEM, to look for membrane-bound vesicles filled 
. . . 

with needle-shaped crystals depositing on an organic matrix, could be used (Sudo et al. 1983; 

Ecarot-Charrier et al. 1988). Additionally, ultrastructural observation might also show 

evidence of calcification along parallel-oriented collagen bundles with apatite crystals in close 

association to the fibrils (Zimmerman et al. 1991 ). 

The alkaline phosphatase staining of the bonelike cell cultures in the present 

invest~gation was much like that of other reported osteoblast primary cultures. While not 

used here as a temporal analysis of phenotype expression, this assay did suggest that the 

calvaria-harvested cells utilized in this experiment did express alkaline phosphatase, which is 

characteristic for osteoblasts (Whitson et al. 1983). Some additional data concerning effects 

of metronidazole on the cell culture may have been obtained with sequential alkaline 

phosphatase assays under the various experimental conditions. Evaluation of the alkaline 

phosphatase staining ability in this experiment was subjective, based solely on microscopic 

demonstration ofred coloration. Utilization of a less subjective analysis, possibly based on 
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absorption at 41 Q. nm as measured in a spectrophotometer, may h~ye been able to identify 

differences in alkaline phosphatase staining ability. 

I . 

The experimental model was_ based on an osteoblast primary culture model, with the 

cells harvested from calvaria of one-to-two-day old mice (Bisch 1994; Swiec 1997; Raez 

1997). The haryesting technique utilized was a modification of a technique previously 

presented in the literature (Luben et al. 1976). Calvaria-derived osteoblastic cells have been 

studied for many years, and possess the advantage of being normal neonatal cells, which retain 

properties associated with that differentiated phenotype. These cells, when used in primary 

culture, have the disadvantages of experimental variability and a limited number of cells that 

can be obtained at each harvest Previous experiments in this lab suffered from these 

weaknesses; therefore a single lot of frozen cells was stored for use in the devel9pment of 

osteoblast cultures for this experiment. The frozen cell lines are known to be subject to 

phenotypic drift when passaged numerous times (Rodan and Noda 1991 ). Therefore, in an 

attempt to maintain the same osteoblastic phenotype, the experiments with frozen cells were 

always conducted on cells from passage five. The frozen osteoblasts responded as did 

primary culture cells by producing alkaline phosphatase, by expressing the same specific 

marker mRNAs and by possessing receptors for estradiol, progesterone, IL-lB, and IL-6 

(Raez 1997; unpublished data, F. Niagro et al. 1996; and personal communication, J. Lester 

1996). With these frozen cells, it was believed that the culture variability would be adequately 

controlled and the required number of experimental animals would be reduced. An earlier 

study published by Raez in 1997 demonstrated little variation in responses between frozen 

cells and primary culture cells when evaluating IL-1 P-stimulated IL-6 production. 
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Additionally, flow cytometry of cells from frozen and primary cell groups demonstrated no 

reduction in receptors for IL-1 p, IL-6 or progesterone. 

The effects of metronidazole on murine bone cell cultures ( osteoblasts) that were 

evaluated may be classified as effects on cell proliferation and effects on the expression of 

selected genes. The osteoblasts proliferated more slowly in these cultures than might be 

expected. Previous studies evaluating the proliferation of similarly harvested osteoblasts 

demonstrated much earlier proliferation in the culture with a distinct maturation phase starting 

at 21 days (Stein and Lian 1993). The harvested cells in this experiment may have been more 

"mature" or phenotypically committed by the time they were harvested. This difference may 

have been significant enough to cause such a change in the proliferation characteristics since 

freezing of the cells should not have adversely affected their proliferation. Future experiments 

could compare the proliferation of primary culture cells taken to the fifth passage and frozen 

culture cells thawed and growth to the fifth passage. Elements of the medium itself may have 

also played a role in the reduction of proliferation. 

Several studies have demonstrated more defined culture progression characteristics 

with marked cell culture proliferation in the first· 14 days. · It may be significant to note that 

these calvaria cells were harvested from fetal rats at 21 days gestation (Stein and Lian 1993; 

McCabe et al. 1995; Kockx et al. 1994), while the cells in this experiment were harvested_ 

· from 1-2 day old mouse pups. The difference in the age of the animal may have increased the 

difficulty with which the. cells were .able to recover from the trauma of being harvested and 

cultured. Additionally, the degree of differentiation of the harvested cells may affect the 

proliferation rate. 
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The proliferation of the osteoblasts in the medium with 500 µg/ml metronidazole was 

inhibited. The difference at the culture end-point, while demonstrable and repeatable, was not 

statistically significant. This lack of statistical significance suggests that there1·was enough 

chance of error alone to account for the difference. 

The proliferation of the osteoblasts in the medium with 50 µg/ml metronidazole was 

g:teater than with the control medium or the medium containing 500 µg/ml metronidazole. 

Again, the difference at the culture end-point was demonstrable and repeatable, but was not 

statistically significant. As was previous stated, this suggests thatthe chance of error could 

account for the difference seen. 

The amount of metronidazole in the 50 µg/ml treatment medium did not change 
. . 

significantly from .-time · 0 to day 4 in culture as demonstrated ·by· gas chromatography. 

Although the extraction efficiency of the nitromethane was only 80%, it was essentially the 

same for all conditions and proved _to be a useful extraction method for the remaining 

metronidazole in the tis~ue culture supernatant.. The _inability of gas chromatography to 

predictably detect medium concentrations of metronidazole at 20 µg/ml and 5 µg/ml may 

have indicated that the extraction efficiency of nitromethane did not result in an adequate 

amount of sample to be detected by this method. 

The antibacterial activity of the metronidazole did not change significantly from day 

0 to day 4 as demonstrated by the MIC dilutions demonstrated with Clostridium per.fringens. 

After determining that the antibiotics present in the medium affected the bacterial assays, a 

medium without the antibiotics (but with metronidazole) was used to demonstrate changes 

in the biological activity. This modification did provide predictable results, demonstrating a 



99 

MIC o(between 3.12 and 1.56 µg/ml, .but was not the exact same med~um that~as used in 

all the previous studies. The finding that diluted 0.5 µg/ml metronidazole medium that had 

not been in culture and not frozen produced such a significantly lower MIC (0.0019 µg/ml 

versus 3.12 to 1.56 µg/ml) suggests tliat there -may have beeri an interaction with some 

component(s) of the medium and metronidazole, or that freezing may have affected drug 

potency. The MIC of 0.0019 µg/ml is_'so much lower than what was found in the media 

exposed metronidazole and so much lower than reported MIC (1.6 - 3.1 µg/ml for 

Clostridium perfringens) for the tested organism that laboratory error as a possible 

explanations for the production of this result must be considered. Medium that had 

metronidazole concentrations of 5 µg/ml or less did not produce consistent results even in the 

modified medium, a fact which could be accounted for by possible chelation or binding of the 

metronidazole into inactive complexes. · Additionally, th~ determination of culture well 

turbidity was subjective in this study and the accuracy of this test may be significantly 

increased either by optical density measurements or replating sample from each assay well 

onto -~gar to demonstrate relative organism viability following exposure to supernatant. 

Exposure of the osteoblasts in medium with concentrations of 500 µg/ml 

metronidazole did not significantly change the intracellular pH. This may suggest that 

metronidazole does not produce a reducing condition intracellularly (under these experimental 

conditions) by acting as an ~lectron sink. 

Controls performed for the RT-PCR segment of this investigation demonstrated that 

the methods utilized can produce predictable results as conducted. However, the results of 

the evaluation of the RNA extracted from the cells at various time points were less clear. The 
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product imaging control with the Low DNA Mass Ladder demonstrated convincingly that the 

electrophoretk separation, staining, imaging and pixel density analysis of products were 

accurate in the evaluation of the RT-PCR products in this study. 

The linear amplification control using extracted GAPDH PCR product demonstrated 

increased pixel density of product bands in increasing concentrations to a maximum of 3 .0 x 

106molecules in a linear fashion. The decreased pixel density of the products from 3.0 x 107 

molecules suggests that there was a saturation of product at a value between the two. The 

approximate 50% decrease in pixel density of products when dilutions of the mRNA at full 

sample strength versus a 1 :50 dilution suggested that the RT-PCR amplification reaction was 

not saturating at that dilution. 

, The RNA quantitation results suggested greater mRNA amounts for the 3 7-day, 50 

µg/ml concentration condition correspond with the proliferation assays that suggested an 

increase of proliferation for this condition above control, or the 500 µg/ml metronidazole 

condition. The greater amount of mRNA for the 500 µg/ml metronidazole condition over the 

control condition is an interesting finding and may repre$ent significant mRNA expression for 

a gene ( or genes) that were not evaluated in this study and may not be related to cell 

- proliferation~ Further re~earcli into this finding may be warranted. 

Expression of the c-fos gene at the 3 7-day 50 µg/ml metronidazole condition also 

corresponds with the proliferation characteristics demonstrated in the first part of the study. 

Interestin~ly, though, the other 3 7-day conditions, which also . demonstrated increased 

proliferation relative ·to the previous time p~ri9d assay, did not have significant c-fos 

expression. Possible reasons for· this finding may be that the cells had passed the actual 
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' . 
proliferative period and were either nonproliferative or even decreasing in-numbers (taking 

the proliferation assay further out in time may have answered this question). The 4-hour 

gene expression seen with the 500 µg/ml nietronidazole condition, and to a lesser extent with 

the control condition, may have been a normal proliferative response of the cell culture as the 

I 

seeded cells progress toward confluence. Machwate and coworkers (1995) reported in a 

study of fetal and neonatal rat bone that c-fos expression levels were elevated at 17 days of . 

fetal life and decreased until birth. It was also noted that at 1 day of life, c-fos mRNA 

transiently increased and declined thereafter at 3 and 6 days, postnatal life. This result may 

suggest that c-fos may suppress the osteoblastic phenotype. 

Expression ofthejun-B gene in the 37-day samples, especially in the 50 µg/ml and 

500 µg/ml metronidazole conditions, also corresponds directly with the proliferation 

characteristics demonstrated in the first part of the study. Reports in the literature support 

this observation that juri-B mRNA for is elevated in cells that were rapidly proliferating 

(McCabe et al. 1995). PCR product bands resulting from jun-B specific primers 

demonstrated in the 4-hour control and 50 µg/ml metronidazole and also at 5 days for 50 

µg/ml metronidazole may suggest that there was intermittent expression of the gene. It may 

be possible that without coupling of other cofactors in the AP-1 transcription complex, cell 

proliferation was not promoted. 

Since Jun proteins interact in vitro to form heterodi_mers, it is possible that in cells 

expressing more than one jun gene ( c-jun, jun-B or jun-d), the heterodimers may contribute 
. -

t~ signific~t regulatory activities. The relative amounts of the different jun mRNA in different 
,. 

cells and organs vary, ·sometimes m~kedly~ Additionally, transcription for this ( and 
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many other) genes is stimulated by serum growth factors. (Ryder et al. 1989). These growth 

factors may not have been present in adequate amounts to facilitate transcription. 

Expression of the c-myc gene in the 3 7-day 50 µg/ml metronidazole treated cells may 

be interpreted as demonstrating the slight proliferation that was seen in the cell proliferation 

assay. Again it is an interesting finding that the other 37-day conditions (which also 

demonstrated increased proliferation relative to the previous time pe~od assay) did not have 

significant c-myc expression detected. This may be attributable to the "snap-shot" 

_phenomenon that provided a sample at one point in time and does not demonstrate a 

continuum. 

Histone H-4 gene expression was clearly demonstrated at all conditions and time 

points. This finding may be interpreted as a demonstration of the persistent presence of this 

gene product.throughout the osteoblast culture period. Indeed, Histone H-4 levels that were 

-
evaluated in mouse tissues (bone and other tissues) in vivo and in vitro, found the gene was 

down-regulated in quiescent and differentiated cells, while maturing tissues of the metaphysis 

took 3 years to have undetectable levels of this g~ne express~on {Gerbaulet et al. 1992). 

Osteocalcin RNA expression was not well demonstrated beyond an initial product 

band at the 4 hour, 50 and 500 µg/ml _metronidazole condition. McCabe and coworkers 

(1995).reported that when fos or jun gene products are elevated, during either proliferation 

or apoptosis, there·is a reciprocal decline in osteocalcin geneexpr~ssion. At this time, it is 

unclear why osteocalcin mRNA was not demonstrated to a greater degree as the culture 

matured. 



CONCLUSION 

The present study demonstrated, in vitro, that clinically relevant concentrations of 

metronidazole in culture medium for up to 36 days do not significantly affect the proliferation 

characteristics of calvaria-harvested bone cells. While not statistically significant, there was 

a repeatable trend of 500 µg/ml metronidazole inhibiting proliferation and 50 µg/ml 

metronidazole enhancing proliferation, as compared to controls. This study suggests that the 

high localized concentrations of metronidazole that may be produced by topical or local 

delivery systems in a healing periodontal wound may not significantly affect the proliferation 

of bone-forming cells. The expression ofproto-ohcogenes such as c-fos,jun-B and c-myc 

was generally noted to be coincident with proliferative periods of the cell culture. 
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