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INTRODUCTION

A major goal of periodontal therapy is the regeneration of the supporting alveolar
attachment apparatus lost due to periodontal diseases (Hancock, 1989): many surgical
techniques are currently being employed in an attempt to meet this goal (Mellonig and
Bowers 1990). One such surgical method, for the treatment osseous defects found in
localized juvenile periodorititis, is the use of systemic tetracycline in conjunction with a
mixture ·of freeze-dried bone allograft and tetracycline hydrochloride powder. Based
upon a one year direct re-entry evaluation, the study reported significantly greater bone
fill and defect resolution than: (1) systemic tetracycline and surgical debridement,

(2)

freeze-dried bone allograft alone, or (3) surgical debridement alone (Yukna and Sepe,
1982; Mabry et al., 1985).

Since these initial reports, the mixing of tetracyclines with

various bone graft materials to treat periodontal disease has been reported by numerous
authors (Evans et al. 1989; Pepelassi et al. 1991; Landsberg et al. 1994; Miller 1992;
Kramer 1992; Dibattista et al. 1995; Masters 1996).
What is the literature to support mixing tetracyclines into bone grafts to aid in the
healing of periodontal bony defects? Some indications were provided soon after ,
tetracyclines were introduced for use as systemic antibiotics in the United States, Stewart
and Roth (1950) placed 25 mg Aureomycin (Chlortetracycline) cones into extraction
1
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sites after abscessed teeth were removed; they reported healing progressed normally and
there was little postoperative pain. In 1953, Yerbic placed 50 mg soluble Aureomycin
tablets into extraction sites and compared his observations to those from extraction sites
without the tablets; he reported that the Aureomycin tablets lessened the incidence of
post-operative pain and swelling, and reduced the incidence of dry sockets. He also
observed that there was no wound healing delay or toxic reaction (Yerbic 1953). In
animal models, it has been shown that the topical use of powdered tetracycline does not
impair bone formation (N ordenram and Edeland 1968). In fact, local administration of
tetracycline increased osteogenesis in healing extraction sites (Hars and Massler 1972;
Mishkin et al. 1977) and surgically created alveolar windows (Drury and Yukna 1991).
It has also been found that the combination ·of doxycycline mixed with tricalcium
phosphate resulted in more bone formation and less crestal resorption than either
doxycycline or tricalcium phosphate alone in the treatment of periodontal osseous
defects in dogs (Al-Ali et al. 1989).
The studies with either animals or humans on this subject have yielded results that
are extremely difficult to compare and analyze. This is due to the variety of techniques
and/or protocols used by researchers· in this area. The treatment of osseous defects caused
by periodontitis includes the use of mixtures consisting of tricalcium phosphate or freezedried bone allografts mixed with either doxycycline or tetracycline antibiotics in different
vohu11e ratios. (Al-Ali et al. 1989; Drury and Yukna 1991; Wikesjo et al. 1992; Yukna
and Sepe 1982; Mabry et al. 1985; Evans et al. 1989; Pepelassi et al. 1991; Kramer 1992;
Landsberg et al. 1994; Dibattista et al. 1995; Masters et al. 1996).
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For treating osseous defects resulting from periodontitis, consensus has not been
reached on the appropriate amount of tetracycline to mix with the bone graft or, for that
matter, whether tetracycline hydrochloride should be used at all. If an optimum amount
of tetracycline hydrochloride were to be determined, then periodontists would be better
able to satisfy one of the major goals of periodontal therapy: predictable regeneration of
lost periodontium.
There are five local cell types requiredto fully regenerate the tooth's attachment ·
apparatus: cementoblasts, fibroblasts,.epitheiial.~ells, endothelial cells and osteoblasts
(McColloch· 1°993): Osteoblasts from the surrounding host tissue_ are'needed it?- the
periodontal defect if bone formation is_ to take p~ace (Burwell 1965). Because pure
tetracycline hydrochloride is very acidic ( pH 1 to 3), there is concern as to what effect
the locally concentrated drug would have ori. the host's local wound healing environment.
Since bone formation is dependent on osteoblasts, any detrimental effect on the
osteoblast's ability to differentiate may decrease the patient's ability to form bone. This
project was undertaken to evaluate the effect of various concentrations of tetracycline
hydrochloride on osteoblasts in vitro.
The temporal sequence of rat osteoblast development in vitro was recently
characterized by Stein and Lian (1993). When calvaria-derived cells were cultured for 35
days under appropriate conditions, they differentiated from preosteoblasts to osteoblasts
and then to bone-like cells. The development of the osteoblast phenotype in vitro could
be divided into three distinct periods: 1) proliferation 2) extracellular matrix maturation
and 3) mineralization. The proliferative period ~as one of high mitotic activity, as
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evidenced by the expression of type I collagen, hi~tones and c-myc, c-fos, and c-jun
genes. The proliferative periodr<;>ccurred during the first twelve days following the
seeding of.the ceil culture. During the period·of extracellular-matrix maturation,
proliferation was reduced and proteins associated with bone-like cell phenotype, such as
alkaline phosphatase and collagenase, were detected in high amounts. The extracellular
matrix maturation phase lasted from about day t~elve until about day eighteen. During
the mineralization period, there was induction of bone-related genes, such as those for
bone sialoprotein, osteopontin and osteocalcin. Also, as expected, the accumulation of
calcium in the extracellular matrix was detected in greater quantities as the cells
completed their differentiation process into bone-like cells. The mineralization period
started around day nineteen and reached its maximum expression after about thirty-five
days in culture.
, Stein and Lain (1993), have proposed a reciprocal and functionally coupled
relationship between proliferation and differentiation of the osteoblast phenotype.
According to this hypothesis, between the periods of proliferation/extracellular-matrix
maturation and between extracellular matrix maturation/mineralization, there are two key
transition points. The first transition point occurs when genes for cell cycling and cell
growth are down-regulated by the expression of genes which encode proteins for
extracellular matrix maturation. The second transition point occurs when matrix
mineralization proteins down-regulate the expression of matrix maturation genes.· By
decreasing or lengthening the proliferation period, the start of the ECM maturation period
can be either prematurely up-regulated or slowed (Stein and Lain 1993).
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We have used the above in vitro model of proliferation and differentiation of the
osteoblast phenotype to evaluate the effects of different concentrations of tetracycline
hydrochloride on the development of calvaria-derived bone-like cell cultures. Each stage
of the Stein and Lain model was assessed during this project.
The proliferative period was evaluated by means of the MTS cell assay based on
the method of Owen and Baltrop (Cory et al., 1991). This assay system has been used in
numerous publications for determining the viability and proliferation of a number of cell
lines (Cory et al. 1991; Rotter et al. 1993; B~ttke et al. 1993; Berg et al. 1994).
The effect of tetracycline hydrochloride on the _extracellular matrix maturation
period was evaluated microscopically by the presence of alkaline phosphatase staining in
the bone-like cells. 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 s·ufficient local concentration of phosphate for calcification to
proceed. Its activity has been used extensively as a marker for osteoblast differentiation in
cell cultures (Kay 1929; Luben et al. 1976; Sudo et al. 1983; Shteyer et aL 1990;
Mahonen et al. 1990; Mathieu and Merregaert 1994).
The miner~!ization period ·of osteoblast ~ifferentiatiqn was examined by the Von
Kassa staining technique. This technique has been used in riumernus publications to
confirm the· mineralization ability of cell culture_ systems (Ecarot-Charrier e_t al. 1983;
Melcher et al. 1986; Bellows et al. 1986; Gerstenfeld et al. 1987; Ecarot-Charrier et al.
1988; Arceo et al. 1,991). ·
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In addition to examining the changes tetracycline hydrochloride produced on the
proliferentiation and differentiation of bone-like cells, this project examined the effect
tetracycline had on the quantity of IL-6 secr~ted by these cells. The exact role IL-6 plays
in osseous wound healing and in the proliferentiation and differentiation of the osteoblast
phenotype is unknown. Interleukin-6 is a multi-functional cytokine, produced by many
cell types, including osteoblasts. The major IL-6-producing cells are monocytes,
endothelial cells and fibroblasts. Interleukin-6 regulates immune responses, acute phase
reactions and hemopoiesis. One of its major effects is antibody production because it acts
as a differentiation factor for B-cells (Lowik 1992). IL-6 is also thought to play an
important role in bone metabolism. Elevated levels of IL-6 have been associated with
numerous diseases, such as multiple myeloma, osteoporosis, rheumatoid arthritis, and
Paget's disease (Green et al. 1994). IL~6, is produced by osteoblasts, where it may
function as·~·bone~~esorbing agent. !ts production is regulated by numerous factors,
including parathyroid hormone, IL-1,: tissue necrosis factor, and vitamin D 3-~ The boneresorbing activity of IL-6 is thought to arise from its ability to increase the formation of
osteoclasts from hematopo_ietic progenitors. IL..:6 is found ~n many cells of the
periodontium such as periodontal ligament cells and gingival fibroblasts. Because IL-6
has been associated with diseases which are. characterized by bone resorption, it may be
involved in the bone destruction associated with periodontal disease (Alexander and
Damoulis 1994).

7
In summary, this investigation was undertal<:.en with the aim of studying, the effect
of various concentrations of tetracycline hydrochloride (1.0 µg/ml to 250 mg/ml) on
murine bone-like cells' ability in vitro to proliferate, to express alkaline phosphatase, to
mineralize and to secret¢ IL-6.

MATERIALS AND METHODS
PRIMARY CELL CULTURE
Pregnant, female mice, Mus musculus-Hsd:ICR(CD-1 ®); (Harlan Sprague
Dawley, Inc., Indianapolis, IN) were obtained on the twelfth day of their 19-21 day
gestation period. The newborn pups were euthanized by cervical dislocation, dipped in
ethyl alcohol, and their calvaria removed. These calvaria were minced into fragments and
stirred for 20 minutes at room temperature on a Corning stir plate (Model PC 250,
Corning NY) in a solution containing 5 ml of 0.05% crude collagenase (Worthington
Biochemical Corporation, Freehold, NJ), per 100 calvaria, in Hank's balanced salt
solution (HBSS, Gibco BRL, Grand Island, NY). Ten ml of Eagle Minimum Essential
Medium (MEM, Sigma, St Louis, MO) + 10-s M 1,25 dihydroxyvitamin D 3 (D 3) (ICN
Biomedicals, Inc., Aurora, OH), called MEMD 3, was added to the extract containing the
freed cells and centrifuged for seven minutes at 1800 rpm (Beckman Model TJ-6,
Fullerton, CA). After discarding the supernatant, the pellet was resuspended in 10 ml
HBSS and the mixture was again centrifuged for seven minutes at 1800 rpm. The
supernatant was again discarded and the pellet :resuspended in 4.5 ml MEMD 3 • This
procedure was repeated four times and the resulting four suspensions were then gently
layered onto 4.5 ml ofFicoll-Paque (Pharmacia Biotech, Uppsala, Sweden). After
centrifuging (Beckman Model J-6M, Fullerton;
.8

CA)

the four suspensions on Ficoll-
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Paque at 1000 rpm at 650 x g for 50 minutes, the huffy coats were combined and HBSS
was added to obtain a total volume of 14 mis. After centrifugation at 200 rpm for 10
minutes, the supernatant was discarded and_ all the preceding steps repeated one more
time. The supernatant was then discarded and the pellet resuspended in MEMD 3 to
obtain a final volume of 4 ml.
Twenty-five µI of the pooled cells were added to 75 µI of trypan blue. The cells
were counted on a hemocytometer (Fisher Scientific, Norcross, GA) to determine the
total viable cell count. The required volume of pooled cells was added to a quantity of
MEMD3 sufficient to place 2 x 104 cells/2 ml, into each well of 12-well tissue culture
plates (Fisher Scientific, Norcross, GA) containing one 13 mm Thermonox Nunc
coverslip (PGC Scientifics, Gaithersburg, MD) per well. All cell cultures were
maintained at 37° C in an incubator (Model 3158, Forma Scientific, Marietta, OH) with a
humidified atmosphere of 95% air and 5% CO2 • The cells were examined daily by
microscope (Nikon Diaphot, Garden City, NJ) to evaluate the cell layer. On day zero, the
primary culture was seeded, and the MEMD 3 was replaced on day °four. Ort day eight,
the medium was.switched to 2 ml per well ofMEMD3 supplemented with 10 mM

P-

glycerol phosphate (Sigma, St. Louis, MO) and 50 µg/ml vitamin C (Sigma, St. Louis,
MO), and media was replaced every four days untH_ the·_end of each experiment.
Supernatant samples were frozen at -80° C on day eight, and daily after the
experimental concentrations of tetracycline had_ been ad_ded. These samples were
assayed for IL-6, as a group, at a later date.

MEDIA PREPARATION

All materials were prepared for testing using sterile techniques under a vented
hood. A 9.6 gram bottle ofMEM powder (Sigma, St. Louis, 1\10) containing phenol red
pH indicator was dissolved in approximately 700 ml of sterile water (McGraw, Inc.,
Irvine, CA). Then, 100.ml of fetal bovine serum (FBS), 29.3 ml of 7.5% sodium
bicarbonate (Sigma, St. Louis, MO), 50.0 mg of Gentamicin, 500 µg of amphotericin B,
and 20 ml of penicillin (5,000 U/ml)-streptomycin (5 mg/ml) solution (all from Sigma, St
Louis, MO) were added. The pH was adjusted to ~7.4. using 3N HCl. During the
preparation .of basic MEM, all mixing was done using a Corning Stir Plate at slow speed;
the total ;Volume was adjusted to one liter using distilled water and the medium was
s~erilized by passing it through a 0.'22 µm filter (Corning, Corning, NY). For medium
used on day eight, the same procedure. was followed except. that the following
supplements were added: 10 mM p-glycerol phosphate (2.16 g/1), and 50 mg ascorbic
acid (50 µg/ml).
Experimental media, containing various concentrations of tetracycline, were
prepared by adding cell-culture-grade tetracycline HCl (Sigma, St. Louis, MO) to the
previously prepared MEM. Approximately 50 ml was removed and the pH was measured
using a pH meter (Accumet pH Meter 10, Fisher Scientific, Norcross, GA).
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CELL PROLIFERATION ASSAY
A cell proliferation assay was performed by using the method.of Owen and
Baltrop (Cory et al. 1991 ), which is- a colorimetric method for determining the relative
number of viable cells in culture_. The assay: procedll!es were performed following the
instructions of the manufacturer (Cell Titer 96™ AQueous Non-Radioactive Cell
Proliferation (MTS) Assay, Promega, Madison, WI, 1994). It is composed of solutions ·
of a tetraz9lium compound (3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2(4-sulfophenyl)-2H-tetrazolium, inner salt~ MTS) and an electron coupling reagent
(phenazine methosulfate; PMS). MTS is bioreduced by cells into a formazan that is
soluble in tissue culture medium. The conversion of MTS into the aqueous soluble
formazan is accomplished by dehydrogenase enzymes found in metabolically active cells.
The quantity of formazan product as measured by 490 nm absorbance is directly
proportional to the number of living cells in culture.
Beginning on day eight, and after the removal of the supernatant, the MTS assay
was performed daily for each well of the 12-well plates containing the cell cultures. Each
well was gently washed with 2.0 ml ofHBSS which was then discarded. Then, 2 ml of
a-Minimum Essential Medium (a-MEM) (Sigma, St Louis, MO) without phenol red or
supplements was placed into the wells and the plate was allowed to incubate at 37° C in a
humidified atmosphere of95% air and 5% CO2 for 30 minutes; two milliliters of the
same medium was placed into two wells of a sterile 12-well plate without cells and
allowed to incubate in the same manner to serve as a blank. After the 30 minute
incubation, 6.0 ml of the MTS solution was mixed with 350 µl of the PMS solution.
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Then, 400 µ1 of the mixture was placed into each experimental and blank well. After an
incubation period of two hours, an automated pipette (Rainin, Wopurn, MA) was used to
extract four 100 µl samples from each of the wells. Samples were placed into a 96-well
plate (100 µ1 per well) that was read on a microplate reader (Anthos 2001, Frederick,
MD) connected to a computer running Microtell 4.0 software. The intensity of the color
change was measured at 492 nm with the reference filter measured at 650 nm. The
average blank measurement was subtracted as background from each of the experimental
and control reading averages to determine the relative absorbance for each experimental
concentration and control wells.

ALKALINE PHOSPHATASE ASSAY

Cells were examined for alkaline phosphatase activity every other day, using a
commercially available test kit (Alkaline Phosphatase, Sigma Diagnostics, St. Louis,
MO). Cover slips with their respective cell layers were fixed for 30 seconds in a citrateacetone-formaldehyde solution. After a rinse with distilJed water, the fixed cover slips
were stained for 15 minutes, in the dark, with a diazonium salt solution (sodium
nitrite/fast red violet alkaline solution/naphthol A~-BI solution) at room temperature.
After a rinse with distilled water, the cover slips were counterstained with hematoxylin
for two minutes. Following a final rinse wi~h tap water, the.cover slips were air dried
and the presence ofred dye in the cytoplasm.of the bone-like cells was.evaluated
microscopically; the red color staining is characteristic of cells exhibiting alkaline
phosphatase activity.
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MINERALIZATION ASSAY
The presence of calcium in mineralized nodules of the cell cultures was detected
by means of Von Kossa's Method. The Von Kossa staining technique is a metal
substitution method. Silver is substituted for calcium, forming a metallic salt with the
anion of the calcium salt. The silver salt that results undergoes reduction to metallic
silver in the presence of bright light. Excess silver nitrate is removed by rinsing with
sodium thiosulfate (Thompson 1966; Putt 1972).
Cover slips with _their respective cell layers were fixed in absolute alcohol
(Fischer Scientific) for one minute, and then i~ersed in a 5% silver nitrate solution
(Fischer Scientific) to

soak for one hour und.er a J 00-watt la.J11p. After rinsing in

deionized wat~r, the cover· slips were placed_in a 5% sodium thiosulfate solution for two
-

.,

'

'

'

minutes. Fol16wing a second rinse in dei~nized water the cell layers were counterstained
for five minutes in nuclear fast red solution (obtained from Department of Pathology,
DDEAMC) for five.minutes. The cover slips were then rjnsed in deionized water, air
'

'

dried and evaluated microscopically for the presence· of black nodules which characterize
mineralization of the extracellular matrix.

INTERLEUKIN-6 ASSAY
The detection.and quantitation of_IL-6 followed, with some modifications,
suggested assay procedures provided by the Mouse Cytokine Elisa Protocol obtained
from the antibody manufacturer (PharMingen, San Diego, CA). The IL-6 assay used in
this study was the quantitative sandwich enzyme immunoassay technique (Abrams,
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1992). A primary monoclonal antibody specific for IL-6 was coated onto 96-well
microtiter plates (Coming Elisa Plate, Coming, NY) and was incubated overnight at 4°c,
then washed four times with phosphate buffered saline/Tween (PBS/Tween) (Fisher
Scientific, Norcros.s, GA). After blotting the wells dry, 250 µI/well of Megga-Block III
(PGC Scientific, Gaith~rsburg, MD) was added to the wells and incubated overnight at
4°C, then.washed 4 times with PBS/Tween. S~andards or unknown supematants (100
µI/well) were pipetted into the wells and incubated at room temperature for 2 hours. The
wells were then washed (8X) with PB.Si'fi,een followed by addition of 100 µI/well of a
.

..

secondary monocional (detecting) antibody and -incubation at room temperature for 45
minutes. After washing the wells (12 X) with PBS/Tween, 100 µI of avidin-horseradish
peroxidase was added and then followed by incubation for 30 minutes. Following
exhaustive rinsing (16X) with PBS/Tween to remove any unbound enzyme, 100 µI of a
mixture of ABTS and H2 0 2 (10 µl of30% H20rl0 ml of a tetramethyl benzidine
substrate solution) was added to the wells and the plate was incubated at room
temperature for 20 minutes. The color intensity was measured using a 96-well microtiter
plate reader. The color intensity of the solution developed in proportion to the amount of
bound IL-6. The intensity of the color was measured at 405 nm with the reference filter
~easured at 650 nm. All standards, and samples were run in duplicate and calibration
curves were developed with known concentrations of recombinant murine IL-6
..

(PharMingen, San Diego, CA). The standard curve was linearized by using logit-log
transformation and regression analysis applied to the log transformation (Denley,
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Mikrotek-Laborsysteme software). The concentratio~~ of unknown samples were read
from the standard curve.

EXPERIMENTAL DESIGN

On day zero, primary calvaria-derived bone-like cells were cultured in 12-well .
plates containing coverslips, and the medium was changed on day four. On day eight,
the media were replaced with various concentrations of tetracycline HCl, dissolved in
MEMD 3 supplemented with 10 mM p-glycerol phosphate and containing 50 µg/ml
vitamin C; wells not treated with Tetracycline HCl served as controls. On day twelve, the
media were replaced with MEM~3 supplemented with 10 mM p-glycerol phosphate and
50 µg/ml vitamin C. Cell cultures were followed for up to 38 days. Cultures were
microscopically observed for growth every day. Concurrently, the cultures were
monitored for proliferation and differentiation by: MTS cell proliferation assay, alkaline
phosphatase activity or mineralization staining ability. Also, the presence of IL-6 in the
·cell culture supematants was assayed.

STATISTICAL ANALYSIS

Data from were analyzed using one-way analysis of variance (ANOVA) and the
Tukey-HSD multiple range test with a P value _of 0.05 accepted as indicative of a
significant result. The Statisti~al Products and Service Solu#ons computer program
(SPSS Inc, Chicago, IL) was used for these -calculations.

RESULTS

The effect of tetracycline on murine bone-like cells was evaluated in a series of·
experiments, each using a primary culture of bone-like cells. The ranges of tetracycline
concentrations evaluated were: 25 ug/ml to 250 mg/ml, 2.5 ug/ml to 2.5 mg/ml, and
1.0 ug/ml to 100 ug/ml for the first, second and third series of experiments, respectively.

A. Series One
Tetracycline co~centrations evaluated: 25 ug/ml, 2.5 mg/ml and 250 mg\ml.
A pilot experiment was undertaken to determine an optimum tetracycline
hydrochloride concentration range to evaluate in future experiments. On day 8, primary
bone-like cell cultures were exposed to the following tetracycline hydrochloriqe
concentrations: 25 ug/ml, 2.5 mg/ml and 250 mg/nil (at 250 mg/ml, tetracycline is a·
·,

suspension).

Cell morphology, alkaline phosphatase· staining ability and IL-6 secretion

were evaluated over 18 days. The niedia pH values for the respective tetracycline
concentrations are shown in Table I.
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TABLEI

pH ofMinimum Essential Media with Tetracycline Added
Series One
TCN concentration

pH

25 ug/ml

7.84

2.5 mg/ml

7.40

250 mg/ml

1.59

.

'

·Series-Two
Control

7.85

i.5ug/ml

7.83

10 ug/ml

7.84

25 ug/ml. ·

7.84

250 ug/ml

7.78

2.5 mg/ml

7.50

Series Three
Control

7.82

1.0 ug/ml

7.87

2.5 ug/ml

7.91

10 ug/ml

7.94

25 ug/ml

7.78

100 ug/ml

7.75

A concentration of 25 ug/ml of tetracycline hydrochloride appeared to have no
noticeable effect on the murine bone-like cells. On Day 9, alkaline phosphatase-staining
cells were clearly visible. The cells formed multiple layers and displayed morphologies
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.

-
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ranging from fibr~blast-like to polygonal. Clu_mps of distinctly polygonal cells situated
· at a focal p~ane· different from the adjacent cell layers were also visible-(Figure 1-a).
The cells continued to differentiate as evidenced by their increased alkaline phosphatasestaining, increased numbers of cell clusters and the appearance of a refringent material
consistent with nodule formation (Fi~ure:2-a). The_se morphological changes were
accompanied by IL-6 secretion; the amount of IL-6 detected by ELISA was 1-3 ng/ml.
There was a steady increase in the basal secretion of IL-6 by the cells exposed to 25
ug/ml of tetracycline until Day 16.
At a concentration of 2.5 mg/ml, tetracycline hydrochloride caused cell death.
Evidence of irreversible cell injury can be seen by viewing the alkaline phosphatasestained cover slips. The Day 9 coverslip clearly shows irregularities in cell configuration,
densely stained cells and pyknotic nuclei (Figure 1-b). By Day 12, the majority of the
bone-like cells had lost their attachment and were rinsed off the coverslips upon washing
with PBS. As can be seen on the Day 18 coverslip, only debris was present (Figure 2-b).
The results of the IL-6 ELISA also support the finding that irreversible cell death had
occurred. IL-6 was not det~cted in any well on any day after exposure to 2.5 mg/ml of
tetracycline (Figure 3).
Tetracycline hydrochloride also caused death of the murine bone-like cells at a
concentration of 250 mg/ml. However, visual examination of the alkaline phosphatasestained cover slips revealed different results compared to the cells exposed to 2.5 mg/ml.
Rather than showing signs of irreversible cell death, these cells appeared to have died and
been fixed to the coverslips. Although the cells stained with hematoxylin, none of them
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stained positive for, alkaline phosphatase activity (Figure 1-c and Figure 2-c). Again, the
ELISA results showed no detectable IL-6 on any day, in any well, after exposure to 250
mg/ml of tetracycline hydrochloride (Figure 3).
Based on the results of this initial experiment, the experimental tetracycline
concentration range was changed in the next experiment. It was assumed that tetracycline
concentrations between 2.5 mg/ml and 250 mg/ml would cause cell death.

FIGURE 1:

Photomicrograph of alkaline phosphatase stained bone-like cells, dried on
coverslip, on Day 9. .
a. 25 ug/ml of tetracycline·
b. 2. 5 mg/ml of tetracycline
c_. 250 mg/ml oftetracydine
(Original Magnification x 400)

Day 9 (AP Stain)

a.

b.

c.

FIGURE 2:

Photomicrograph of alkaline phosphatase stained bone-like cells, dried on
coverslip, on Day 18.
a. 25 ug/ml of tetracycline
b. 2. 5 mg/ml of tetracycline
c. 250 mg/ml of tetracycline
(Original Magnification x 400)

Day 18 (AP Stain)

a.

b.
2.S mg/ml

c.

FIGURE 3:

Tetracyclin·e 's effect on IL-6 Secretion
(Concentrations: 25 ug, 2.5 mg and 250 mg/ml)

Media changed on Days 4, 8, 12, 16;
Tetracycline added to media on Day 8.

TCN's Effect on IL-6 Secretion
Concentrations: 25 ug, 2.5 mg, 250 mg/ml
4.-------------------------------------Dotted lines indicate
media change
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B. Series Two
Tetracycline concentrations evaluated: 2.5 ug/ml, 10 ug/ml, 25 ug/ml, 250 ug/ml and 2.5
mg\ml.
Two experiments were conducted with these tetracycline concentrations. The first
experiment evaluated the amount of IL-6 secreted from Day 8 to- Day 24. The second
experiment lasted longer (3 8 days after primary culture) and included staining for alkaline
phosphatase and mineralization activity on alternate days, as well as IL-6 production.
The media pH for the respective tetracycline concentrations were shown in Table I.
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1.) Effect of Tetracycline Hydrochloride on IL-6 Production Secretion in Bone-Like
Cells During 24 Days in Culture.
The most noticeable results were that, after the day 12 media change, IL-6 was
not detected in the wells containing tetracycline concentrations of 250 ug or 2.5 mg/ml
(Table-3). At the 2.5 mg/ml concentration, IL-6 was detected on day 9 only. Visual
inspection suggested that the cells were rinsed off the cover slips as the wells were
washed with PBS ·during the Day 12 m~dia ~hange.
The highest concentration of IL-6 detected, 10 ng/ml, was on Day 12 in the
control and 10 ug/ml group. An overc:1.ll trend of IL-6 secretion was noted. IL-6 was
usually detected in lower concentrations on the first day after a media change and in

a

higher concentrations on the fourth day (last day) after . media .change
and would be
.
consistent with continued basal secretion of IL-6. Otherwise, there were no obvious
differences between control and the tetracycline concentrations of 2.5 ug/ml, 10 ug/inl
and 25 ug/ml.

FIGURE 4:

Tetracycline 's effect on IL-6 Secretion
(Concentrations: 2.5 ug, 10 ug, 25 ug, 250 ug, and 2.5 mg/ml)

Media changed on Days 4, 8, 12, 16, and 20.
Tetracycline added to media on Day 8.

Legend:

Control=No tetracycline treatment.
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2.) Effect of Tetracycline Hydrochloride on the Morphology, Alkaline Phosphatase
Production, Mineralization and IL-6 Production in Bone-Like Cells for 3 8 Days.

a.) Morphology, Alkaline Phosphatase and Von Kossa Staining.
In Figure 5 (a, b, c, d), the in vitro proliferation and differentiation of unexposed
bon~-like cells can be.seen. On day 2, the cells were spindle-shaped and appeared as
single cells which stained slightly for alkaline phosphatase. On day 4, single, spindleshaped cells were still present, but these were fewer in number. Aggregations of cells
were seen with less of a spindly shape. They stained alkaline phosphatase positive. By
day 6, very few single spindle-shaped cells were present. The coverslip was nearly
confluent with cells which were more polygonally shaped and more strongly alkaline
phosphatase positive. By day 8, the coverslip was confluent with strongly alkaline
phosphatase-positive polygonal cells. Some areas showed evidence of multilayered cell
formation.

FIGURE 5:

Photomicrographs of alkaline phosphatase-stained bone-like cells, dried
on coverslip, (No tetracycline treatment).

a.
b.
c.
d

Day2
Day4
Day 6
Day8

(Original magnification x 400)

CONTROL (AP Stain)

a.

c.

b.

d.
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On day 9, one day after exposure to tetracycline, the only obvious difference
among groups was in the 2.5 mg/ml group, in which the cells appeared to have defective
cell membranes which lead t~ large masses of a congealed.material on the coverslip.
Cytoplasmic de11sities and pyknotic nuclei are also visible (Figure 6~t).
The cellular damage visible in the 2.5 iµg/ml group was also seen on Day 10,
resulting in clumps of cellular debris and- a lack of alkaline phosphatase staining ability.
Cellular damage was now _evident in the 250 ug/ml ·group· as well. Smaller areas of
clumping were visible with spindle shaped cells which did not stain for alkaline
phosphatase (Figure 7-t). There was a slight decrease in alkaline phosphatase staining
ability with the 2.5 ug/ml, 10 ug/ml and the 25 ug/ml groups when compared to control
(Figure 7-a, b, c, d).

FIGURE 6:

Photomicrograph of Von Kassa-stained bone-like cells, dried on
coverslip, Day 9.
a.
b.
c.
d.
e.
f

Control
2. 5 ug/ml of tetracycline
10 ug/ml of tetracycline
25 ug/ml of tetracycline
250 ug/ml of tetracycline
2. 5 mg/ml of tetracycline

(Original magnification x 400)

Day 9 (Von Kossa Stain)

a.

b.

c.

d.

e.

f.

FIGURE 7:

Photomicrograph of alkaline phosphatase-stained bone-like cells, ·
dried on coverslip, Day 10.
a.
b.
c.
d.
e.
f

Control
2.5 ug/ml of tetracycline
10 ug/ml of tetracycline
25 ug/ml of tetracycline
250 ug/ml of tetracycline
2. 5 mg/ml of tetracycline

(Original magnification x 400)

Day 10 (AP Stain)

a.

b.

c.

d.

e.

f.
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On day 16, there were no differences visible in alkaline phosphatase staining
ability among control and the three lowest tetracycline concentration groups (Figure 8-a,
b, c, d). Cell aggregations and formation of extrace~lular matrix was visible. In the 250
ug/ml group, cells were visible on-',the· edges of the coverslip. These cells had the same
morphological characteristics as the cells seen during the first days· of the pdmary culture:
.

.

~

.

spindle-shaped with large processes and slight alkaline phosphatase stain (Figure 8-e). In
the 2.5 mg/ml group, only debris was visilJle (Figure 8-f).
Day 19 was thetirst day at which mineralize~ nodules."'_'ere visible. Nodules
were seen only in the control,

2:s ug/ml, 1O' ug/ml and

25 ug/mf groups (Figure 9-a, b, c,

d). In the 250 ug/ml group, single cells spreading out over the coverslip from the edges
were seen (Figure 9-e). Cellular debris remained in the 2.5 mg/ml group (Figure 9-f).
These morphological results were consistent for each group during the remaining days of
the experiment (Figures 10 and 11).

FIGURE 8:

Photomicrograph of alkaline phosphatase-stained bone-like cells,
dried on coverslip, Day 16.
a.
b.
c.
d.
· e.
f

Control
2. 5 ug/ml of tetracycline
10 ug/ml of tetracycline.
25 ug/ml of tetracycline
250 ug/ml of tetracycline
2. 5 mg/ml of tetracycline

(Original magnification x 400)

Day 16 (AP Stain)

a.

b.

c.

d.

e.

f.

FIGURE 9:

Photomicrograph of Von Kassa-stained bone-like cells, dried on
coverslip, Day 19.
a.
b.
c.
d
e.
f

Control
2. 5 ug/ml of tetracycline
10 ug/ml of tetracycline
25 ug/ml of tetracycline
250 ug/ml of tetracycline
2. 5 mg/ml of tetracycline

(Original magnification x 400)

Day 19 (Von Kassa Stain)

a.

b.

c.

d.

e.

f.

FIGURE 10: Photomicrograph of alkaline phosphatase-stained bone-like cells,
dried on coverslip, Day 22.
a.
b.
c.
d.
e.
f

Control
2. 5 ug/ml of tetracycline
10 ug/ml of tetracycline
25 ug/ml of tetracycline
250 ug/ml of tetracycline
2. 5 mg/ml of tetracycline

(Original magnification x 400)

Day 22 (AP Stain)

a.

c.

b.

d.

2.5 mg/rril

e.

f.

,,.

FIGURE 11: Photomicrograph of Von Kassa-stained bone-like cells, dried on
coverslip, Day 25.
a. Control
b. 2.5 ug/ml of tetracycline
c. 10 ug/ml of tetracycline
d · 25 ug/ml of tetracycline
e. 250 ug/ml of tetracycline
f No Data
(Original magnification x 400)

Day 25 (Von Kossa Stain)

a.

b.

c.

d.

No Data

e.
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b.) Mineralization
At concentrations less than or equal to 25 ug/ml, tetracycline had no effect on the
bone-like cells' ability to form mineralized nodules, as can be seen in Figure 12.
Unfortunately, coverslips were not examined for days 29, 31, and 33. However, daily
microscopic observation and written documentation of the cells in culture revealed no
differences from the above data.

FIGURE 12: Tetracycline's Effect on Mineralized Nodule Formation

Nodules per grid expressed as the number of mineralized nodules counted using a
100 grid square coverslip.
Media changed on Days 4, 8,. 12, 16, 20, 24, 28, 32, and 36.
Tetracycline added to media on Day_8_.

Legend:

Control=No tetracycline treatment.
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. c.) IL-6 Production
IL-6 concentration in the medium was measured each day, after exposure to
tetracycline at the time of media change (Figures 13 and Figure 14).
Consistent with the previous experiment, no IL-6 was detected after day 9,
following exposure to 2.5 mg/ml oftetracycline .. When exposed to 250 _ug/ml of
tetracycline, IL-6 wa·s not detected between days 13 and 22. Howe~er, IL-6 was detected
in very small amounts by Day 23, with-the concentration steadily increasing until Day 38,
the end of the experiment. As in the previous experiment, the majority of cells exposed
to these concentrations appeared to wash off the cover slips when rinsed with PBS during
-

.

.

the Day 12 media change.· However~ eno·ugh cells survived exposure to 250 ug/ml of
tetracycline and continued to proliferate, enabling detection of IL-6 by Day 23.
The highest IL-6 concentration detected, 22 ng/ml, in the 2.5 ug/ml group, was on
Day 20. As in the previous experiment, lower IL-6 concentrations were detected on the
day after a medium change and higher levels of IL-6 were measured on the fourth day
after a media change. Overall, levels of IL-6 appeared to be increased, in the 2.5 ug/ml,
10 ug/ml, and 25 ug/ml groups relative to the Control group. This was a consistent
finding on most days of this experiment.

FIGURE 13: Tetracycline's effect on IL-6 secretion, Days 8-20
(Concentrations: 2.5 ug, 10 ug, 25 ug, 250 ug, 2.5 mg/ml)

IL-6 amounts expressed in ng/ml.
Media changed on Days 4, 8, 12, and 16.
Tetracycline added to media on Day 8.

Legend:

Control=No tetracycline treatment.
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FIGURE 14: Tetracycline's effect on IL-6 secretion, Days 21-38
(Concentrations: 2.5 ug, JO ug, 25 ug, 250 ug, and 2.5 mg/ml)
IL-6 amounts expressed in nglml.
Media changed on days 24, 28, 32, and 36.
Tetracycline added to media on Day 8.

Legend:

Control=No tetracycline treatment.
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C. Series Three
Tetracycline Concentrations Evaluated: 1.0 ug/ml, 2.5 ug/ml, 10 ug/ml, 25 ug/ml and
100 ug/ml.
Based on the results of the previous experiments, which found that bone-like cells
grown in the presence of 250 ug/ml of tetracycline or greater resulted in cell death, the
concentrations evaluated in this experimentwere narrowed further. Also, alkaline
phosphatase staining ability and Von Kossa staining ability were not evaluated in this
experiment because no appreciable differences between control and 25 ug/ml of
tetracycline could be detected visu~lly .. To obtain more objective data, the proliferative
activity of the bone-like cells was evaluated with an assay.
For this experiment, which lasted 28-days, the morphologic characteristics of the
cells were examined and recorded microscopically each day; IL-6 production was
measured and the proliferative activity of the cells was examined with the MTS assay.
Samples in this experiment were run in -duplicate.

1.) Morphology
Morphologically, the bone-like cells in all groups followed the same pattern of
'

.

proliferation and differentiation as seen in the previous experiments. There were no
visibly detectable differences between the controls and any test group on any day for the
duration of this experiment (Figure 15).

Figure 15:

Photomicrograph of bone-like cells following exposure to tetracycline on
Day 10, in media, unstained
a.
b.
c.
d.
e.
f

Control
1. 0 ug/ml of tetracyclin.e
2. 5 ug/ml ofte[racycline
10 ug/ml of tetracycline
25 ug/ml of tetracycline
100 ug/ml of tetracycline

(Original magnification x 400)

Day 10 (No Stain)

a.

b.

c.

d.

e.

f.
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2.) MTS Assay
Figures 16 and 17 show the MTS absorbance results corresponding to the IL-6
production results reported in figures 18 and 19. There were no statistically significant
differences in proliferative activity between control and any other group for any day
except for Day 22. On day 22, tetracycline concentrations of 1 and 2.5 ug/ml led to MTS
values which were significantly lower then control. Tetracycline concentrations of 10
and 100 ug/ml caused MTS values which were significantly higher then control.

FIGURE 16: Tetracycline's Effect on Bone-like Cell Proliferation-MTS, Days 9-18
(Concentrations: 1 ug, 2. 5 ug, 10 ug, 25 ug, and 100 ug/ml)

MTS absorbance expressed as mean values at 492 nm wavelength.
Media changed on Days 4, 8, .12~ and 16.
. Tetracycline added to media on Day 8.

Legend:

Control=No tetracycline treatment.
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FIGURE 17: Tetracycline's Effect on Bon·e4ike: C~ll Proliferation-MTS, Days 19-28
(Concentrations: 1 ug, 2.5 ug,· 10 ug, 25 ug, and 100 ug/ml)

MTS absorbance expressed as mea_n values at 492 _nm wavelength.
Media changed o·n Days 20, and 24.
Tetracycline added to media on Day 8.

Legend:

Control=No tetracycline treatment.
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3.) IL-6 production
Figures 18 and 19 show the picograms <?flL-6 per well from.Day 9 to Day 28.
During the first four days after exposur·e to .tetracycline, the 1. 0 ug/ml group had
statistically significantly· higher concentrations of IL-6 ·than control on days 9, 10, and 12.
The 2.5 ug/ml group was statistically significantly higher on day i 2. After the media
were changed on Day 12, the results appeared to be the reverse of the first four days. On
days 13 and 14, IL-6 concentrations w~re significantly decreased when compared to
controls. On day 15 the trend c~ntinued with all groups appearing to be decreased
compared to control, but not significantly. And on Day 16, all groups except 1.0 ug/ml
were significantly lower than control. From day 17 until the end of the experiment on
day 28, there were no significant differences between control and any group on any day.
The overall trend was a slight decrease in IL-6 concentration for the 10ug/ml, 25ug/ml
and 100 ug/ml groups.

FIGURE 18: Tetracycline 's Effect on IL-6 Secretion, Days 9-18
(Concentrations: 1 ug, 2.5 ug, JO ug, 25 ug, and JOO ug/ml)
IL-6 amounts expressed in pg IL-6 per MTS absorbance at 492 nm
wavelength.
Media changed on Days 4, 8, 12, and 16.
Tetracycline added to media on Day 8.

Legend:

Control=No tetracycline treatment.
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FIGURE 19: Tetracycline 's Effect on IL-6 Secretion, Days 19-28
(Concentrations: 1 ug, 2.5 ug, JO·ug, 25 ug, and JOO ug/ml)
IL-6 amounts expressed inpg IL-6 per MTS 'absorbance at 492 nm
wavelength.
Media change~ on Days 4, 8, 12, 16, 20, and 24.
Tetracycline added to media on pay 8.

Legend:

Controf=;=No tetracycline treatme,nt.
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D. Tetracycline Hydrochloride Powder Volume
The volume of te_tracycline hydrochloride powder was measured by placing the
powder of five 250 mg capsules· into a graduated cylinder. The volume of the five
capsule$ measured 2.5 cubic centimeters. Therefore, one 250 mg capsule contains about
0.5 cubic centimeters of tetracycline hydr,achloride powder.
Becker et aL estimated the volume ofthree-walled_intrabony defects to be 122
cubic millimeters (Becker.et al., 1986). Iftetracycline were placed into that defect in a
volumetric ratio of four parts bone graft to one part tetracycline powder, 24 cubic
millimeters of the defect would be tetracycline powder. Twenty four cubic millimeters of
tetracycline powder is equal to about.12 mg of tetracycline hydrochloride, based on the
above measurements. If the osseous defect had a volume of one cubic centimeter, then
about 100 mg of tetracycline would be placed into the defect at a four parts bone graft to
one part tetracycline powder volume ratio. Therefore, mixing four parts bone graft with
one part tetracycline powder would result in a conservative, albeit rough, concentration
estimate of 100 mg/ml of tetracycline hydrochloride.

DISCUSSION

The ultimate goal· of periodontal therapy is the regeneration of the periodontium
lost due to periodontitis. Placing demineralized freeze-dried bone allografts into
periodontal osseous defects has been shown histologically to result in regeneration, as
evidenced by reformation of cementum, periodontal ligame))t and bone on a previously
dise_ased root surface (Bowers, 1989). Placing mineralized freeze-dried bone allograft
mixed with tetracycline into periodontal osseous defects has been shown to result,
clinically, in osseous fill (Yukna and Sepe, 1982; M~bry et al., 1985). Various authors
have reported varying degrees of success when mixing tetracycline with bone graft
materials. The differences in their results may be.due to the various conceptrations of
tetracycline used in their studies. As found in the results of the current study,
concentrations of tetracycline greater than or equal to 250 ug/ml resulted in the death of
bone-like cells in vitro.
Based on the rough estimate that one 250 mg capsule of tetracycline
hydrochloride contains 0.5 cubic centimeters of powder, the concentration of tetracycline
when placed into an osseous defect, in a ratio of four parts bone graft to one part
tetracycline powder, can be roughly estimated to be about 100 mg/ml (see Results
Section). The majority of studies reported mixing the bone graft material and tetracycline
hydrochloride powder in this four-to-one ratio (Yukna and Sepe, 1982; Mabry et al.,
50
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1985; Evans et al., 1989; Landsberg, et al., 1994). Masters compared the use of

demineralized freeze-dried bone allograft rehydrated with 50 mg/ml of tetracycline to
demineralized freeze-dried bone allograft to debridement alone and found no significant
clinical effect (Masters et al., 1996). Wikesjo used beagle dogs to compare the results
obtained by treating supra-alveolar periodontal defects with a composite bone graft
(hydroxyapatite, demineralized freeze-dried bone allograft, fibronectin and 1 mg/ml
tetracycline), with those from non-grafted sites, and found no significant differences
(Wikesjo et al., 1992). Finally, Drury and Yukna compared the effects of freeze-dried
bone allograft rehydrated with l 0 ug/ml of tetracycline, to freeze-dried bone allograft
rehydrated in water, for the treatment of surgically created bone chambers in the
mandible of a baboon. , After three and five wee~~' they found over five times more new
bone formation in the chambers tr~ated with freeze-dried bone allograft rehydrated with
10 ug/ml of tetracycline than with water (Drury and Yukna, 1991).

As can be seen from the literature, in both human and animal studies, tetracycline
has been combined with various graft materials, in several proportions, to treat various
·. types of osseous defects. Based on the tesults of the current study, a few comparisons
can be made with regard to the optimal dose of tetracycline needed to treat osseous
defects.
The findings of the present study agree with the results of the Wikesjo and the
Master's studies; both found no significant 1ifferences when tetracycline concentrations
of 1 mg/ml and 50 mg/ml, respectively, were mixed with bone grafts. The current
investigation found that concentrations greater than or equal to 250 ug/ml of caused cell
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death. It would seem that osteoblasts exposed to a concentration of tetracycline four
times or two hundred times greater than the toxic concentration in vitro would not be able
to participate in the process of r,egeneration.
The results of the present study also do not contradict Drury and Yulma, (1991)
who found that freeze-dried bone allograft rehydrated with a 10 ug/ml concentration of
tetracycline caused a five times greater amount of bone formation than freeze-dried bone
allograft rehydrated in water. The current study found that tetracycline concentrations
less than or equal to

too ug/ml, produced no differences in the bone-like.cells'

proliferative activity, but there was a significant increase in IL-6 secretion in vitro. It
would therefore seem that a tetracycline concenfration of only 10 ug/ml, should not be
toxic to osteoblasts in the local osseous environment.
There are significant differences between the results of the current investigation
and those studies which mixed one part tetracycline with four parts bone graft (Yulma
and Sepe, 1982; Mab~y et al., 1985; Evans.et al., 1989; Landsberg, et al., 1994). The
current study found that tetracycline concentrations greater than or equal to 250 ug/ml
were lethal to bone-like cells. The dosage used in previously mentioned studies (100
mg/ml) is 400 times greater than the toxic in vitro concentration of tetracycline found in
the current study. Again, it would seem that osteoblasts in a periodontal defect exposed
to a 100 mg/ml concentration of tetracycline would be unable to survive much less
regenerate the defect.
In vitro studies in the periodontal literature have evaluated the beneficial and
harmful effects of tetracycline hydrochloride on various cell types. When used as a root
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conditioning agent, a concentration of 50 i,ng/~l tetracycline inhibited proliferation of
progenitor cells at one and three days in the repair of surgically created defects in a
.

·.

mongrel dog (Sa~ons et al., 1994). ·When chick ost6oblasts w~re incubated with bone
pretreated with 250 ug/ml of tetracycline, there were no significant differences in 3-Hleucine uptake when compared to untreated controls (Keller and Carano, 1995). The .
migration of periodontal ligament cells, which have the ability to initiate mineral-like
nodules in vitro (Arceo et al., 1991), was enhanced when dentin was preconditioned with
100 mg/ml tetracycline (Terranova et al., 1987). No mention was made in the Terranova
study of the amount of residual tetracycline present in the.dentin chips. However, it has
been shown that tetracycline strongly binds to and is released from tooth surfaces in
concentrations high enough to exhibit antimicrobial activity (Baker et al., 1983). The
majority of clinical 'studies in the periodontal literature have found that conditioning root
surfaces with tetracycline hydrochloride offered either only slightly more positive results
(Claffey et al., 1987; Alger et al., 1990; Trombelli et al., 1995) or no additional benefit
(Wikesjo et al., 1988; Trombelli et al., ,1996) over unconditioned root surfaces.
A review of the medical literature shows tetracycline· hydrochloride to have both
positive and negative effects on bone formation. The first report of tetracycline
hydrochloride's teratogenic effects in mammals was in 1960 (Bevelander et al., 196"0).
They reported that injection of 0 .1-0. 5 mg of tetracycline into the yolk sac of developing
chick embryos did not seriously impair growth of the embryos, but injection of 2.5-5.0
mg resulted in a marked reduction in the mineralization of the bones and a marked
reduction in the size of ~he em~ryos. ·in 1966, :Saxen found that' as little as 5 ug/ml
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tetracycline hydrochloride completely inhibited the elongation of the calcified zone of
embryonic mouse bones in organ culture (Saxen, 1966a; Saxen, 1966b). Further work by
her lab found that tetracycline at concentrations exceeding 1 ug/ml had an inhibitory
effect on bone min~ralization, and 30 ug/ml showed definite inhibition of collagen
synthesis using the same orgc;in culture system (Halme et al., 1969; Kaitila et al., 1970).
However, 30 mg/kg (about 30 ug/ml) of tetracycline hydrochloride injected into rats did
not result in osteoblast suppression or increased length of osteoblast resting periods when
evaluated histomorphometrically (Sun et aL~ 1_992). So, in some instances, tetracycline
hydrochloride seems to cause a decrease in the formation of osseous structures and in
other model systems, low doses of tetracycline had no effect on mineralization.
In addition to its effects on mineralization, tetracyclines also negatively affect
revascularization. Revascularization of the periodontal surgical wound site is critical for
regenerative surgical techniques (Tweden et al., 1989). Also, pericytes may act as a
supplementary source of osteoblast progenitor cells in the periodontal surgical wound
(Diaz-Flores et al., 1992; Brighton et al., 1992). Therefore, anything which would
decrease the revascularization of the periodontal surgical wound site should be avoided.
However, another one of tetracycline's contradictory properties is its use as an
angiogenesis inhibitor in the treatment of cancer (Liotta and Stetler-Stevenson, 1993).
Minocycline produced a four-fold reduction in tumor-implant-induced neovascularization
when implanted in a sustained release-pellet in a rabbit cornea (Tamargo et al., 1991).
The anti-ang1ogenic effect of minocycline_ was associated with inhibition of collagenase
rather than cytotoxicity, and was independent of the antibiotic activity of the drug.
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Tetracycline hydrochloride also showed this ability, but was less potent than minocycline
(Guerin et al., 1992). Minocycline, due to its antiangiogenic property, reduced the
number of metastases when administered in conjunction with antineoplastic agents in
treating lung carcinoma in mice (Teicher et al., 1992; Teicher et al., 1993; Sipos et al.,
1994).
In addition to its antiangiogenic properties, tetracycline hydrochloride has the
ability to concentrate itself inside mammalian cel_ls. The cell-associated concentration
increase for tetracycline
hydrochloride ~as28:7%;,
350% and 111 % for HeLa cells,
.
:
...

human kidney fetal fibroblasts and mouse peritoneal mac_rophages·; respectiyely (Brown
and Percival, 1978). Brown and Percival also- found that human fetal kidney fibroblasts
would not grow at all in the presence of extracellular concentrations of tetracycline of 20
ug/ml, and HeLa cells grew poorly at 100 ug/ml. At concentrations as low as 4 ug/ml,
tetracycline hydrochloride significantly reduced· the proliferative response .of mitogeninduced human lymphocytes (Thong and Ferrante, 1979). At concentrations of 10 ug/ml,
doxycycline ~aused about 50% inhibition of human NK cell mediated cytot9xicity. The
inhibition was not due to a toxic effect of the drug. Tetracycline hydrochlo~ide showed
no inhibition of human NK cells at concentrations of i, 4 or 10 µg/ml (Goh and Ferrante,
1984). In a study using human periodontal ligament cells, exposure to 50 ug/ml of
minocycline for seven days caused a significant decline in cell proliferation. There was
no effect on cell proliferation when exposed to the ·same concentration for only two days
(Somerman et al., 1988). Doxycycline was found to be cytotoxic to human periodontal
ligament cells at concentrations·as low as 25 ug/ml (Tsukuda and Gabler, 1993). These

·)
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studies are in agreement with the results .of the current study. The present investigation
found that tetracycline, at a concentration of greater than or equal to 250 ug/ml, caused
cell death of murine bone-like cells. However, no significant differences were found in
the proliferative, mineralization or alkaline phosphatase ability of murine bone-like cells
when cultured in tetracycline hydrochloride at c_oncentrations less than or equal to 100
ug/ml for four days·._ f.:.. negati;ve ~ffect on proliferation might have been found if the cells
had been exposed to the drug for longer than four days. _
Based on morphological, histological,,and histochemical features; tlie bone-like
cell culture system, used in the current study, looked like and behaved very similarly to
other osteoblast cell culture·~ reported.in th~ literature .. Morphologically, observation
· through the phase-contrast microscope showed cells which looked like osteoblasts. In the
early stages of osteoblast cultures, the cells were relatively large with highly convoluted
borders (Wong and Cohn, 1974). The cultures exhibited morphologies ranging from
spindle-shaped and fibroblast-like, to polygonal during the early stages of growth and
had reached confluency by day 6 (Bellows et al., 1986). The cells tended to grow
together in clumps .and become multilayered and they tended to grow in a circular
swirling pattern throughout the culture well (Gerstenfeld et al., 1987). A refringent .
material was visible in the extracellular matrix when view~d under the phase contrast
microscope, and was consistent with the descriptions of collagen fibers seen in other
studies (Gerstenfeld et al., 1987; Collin et al., 1992). Around Day 12, piles of cells were
seen forming near numerous nodules on the floor of the culture well (Harris et al., 1994).
No morphological differences were detected between control culture of the present

