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I. INTRODUCTION

A STATE1\1ENT_OF THE PROBLEM
Recent ~dvances in immunobiology have increc1:sed the understanding of the
mechanisms or'host immune responses in periodontal diseases. Although bacteria are
considered to be the main local factor responsible for periodontal pathogenesis,
investigators h~ve identified many different mediators of this process. The role of
cytokines in htjman diseases is a rapidly expanding area of study, with interleukin- I,
interleukin-6, and tumor necrosis factor being actively involved in periodontal disease
(Genco, 1992; Horowitz, 1993). In addition, studies support the concept that altered
:

. .

levels of steroid hormones have a strong influence on the host immune reaction to
inflammation (Vittek, et al., 1984).
Concepts of bone morphogenesis, as well as hormone and cytokine influences on
bone, were explored to explain the rationale for the study of the effects of levonorgestrel
on interleukin.:.6 production by murine osteoblasts. N arm.al bone morphogenesis occurs
as a result of tpe balance between the catabolic effects of osteoclasts and the anabolic
effects of osteoblasts (Horowitz, 1993). During physiological bone remodeling,
osteoclasts resorb bone, the loss of which is then replaced by osteoblasts. In periodontal
disease, bone ~hat is destroyed in an environment of chronic inflammation is not
subsequently repaired (Frandsen, 1983). While osteoclasts mediate bone resorption
(Stashenko, et al., 1987), osteoblasts possess receptors for cytokines and hormones
which stimul~te resorption (Thompson, et al., 1987). Cytokines are pleiotrophic in their
function, and it has been suggested that cytokines can disrupt the bone resorption-
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formation linkage (Stashenko, et al., 1989; Genco, 1992). It has been demonstrated that
sex hormones affect inflammation through their actions in the function of
polymorphonuqlear leukocyte (Pl\.1N) chemotaxis (Miyagi, et al., 1992), as well as by
regulation of the circuitry of cytokine action that. controls bone remodeling (Horowitz,
1993; Girasole,: et al., 1992).
The levels of circulating sex steroids can be altered by many endogenous factors.
Lower hormone levels can result from decreased production (i e. menopause), increased
metabolic breakdown of these hormones, or increased production of carrier proteins.
Elevated levels, on the other hand, can be due to increased production from normal
sources (i.e. ovulation or pregnancy), tumor sources, or decreased metabolism. The most·
common reason for nonphysiologic excessive circulating levels of sex hormones is the
exogenous int~e of enteric and parenteric contraceptive hormonal devices (Speroff,
1989). The oral contraceptive hormonal effect on bone mof})hogenesis and periodontal
disease has been extensively studied (Vittek, et al., 1984; Miyagi, et al., 1992; Girasole,et
al., 1992; Sch~ven, et al., 1992). Norplant, the newest contraceptive system, consists of
subdermal contraceptive implants which continuously release a synthetic progestin,
levonorgestre~, for five years (Croxatto, 1993; Brache, et al., 1990). To date, no in vitro
studies have been reported that examined the effects of levo~orgestrel on cytokine
I

•

production during bone morphogenesis.
The specific aim of this study was to culture murine osteoblasts in the presence of
levonorgestrej or progesterone, with or without low dose 17P-estradiol. The osteoblasts
were analyzed for growth and the bone cell culture supernatants were assayed for the
'

'

_
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presence of interleukin-6 (IL-6) after stimulation with interleukin-lB (IL-lB).

B. REVIEW OF RELATED LITERATURE

In a healthy person, bone formation is accomplished through the process of cell
proliferation, alkaline phosphatase activity, and matrix production through osteoblast
function (Stas~enko, et al., 1989; Bonucci, et al., 1992). Osteoclasts have been shown to
be the effector cells responsible for the resorptive process. Osteoblasts and osteoclasts
have specialized receptors that receive signals from the extracellular environment, and
their response to these signals is modulated by the regulation of these of receptors
(Heersch, 1990). Osteoblast cells, in response to steroid hormones or cytokines, can
stimulate or inhibit osteoclast activity (Dziak, 1993; Heersch, 1990; Osdoby, et al., 1986).
In addition, osteoblasts may prime bone surfaces for osteoclastic resorption by changes in
cellular morp~ology, and are involved in the signaling processes of osteoclast
recruitment and activation (Rodan, 1981 ).

CYTOKINES
Cytokines are a diverse group of proteins that mediate· interactions between cells.
These cellular: messengers initiate their action by binding to specific receptors on the
surface of a target cell. The target cell i:nay be the same cell that secretes the cytokine, a
nearby cell or: a distant cell that is stimulated via cytokines ·that have been secreted into
the circulation (Abbas, et al., 1994). Cytokines are involved in bone·remodeling and

4

periodontal pathogenesis through regulation of the immune response, hematopoiesis, and
inflammation (Akira~ 1990). Most cytokines are multifunctional, and more than one
cytokine can act on the same target cell, as well as mediate the same function as another
cytokine. Evidence shows that cytokines, especially IL-1, IL-6 and tumor necrosis factor
alpha (TNFa), ~re involved in the initiation and progression of chronic inflammatory··.·
diseases, bone formation inhibition, and sti~ulation of osteoclastic bone resorption
(Alexander an4 Petros, 1994; Meikle, et. al., 1991; Mundy, 1993). Cytokines have been
shown to be produced in a variety of tissues and cells and their production can be induced
by a variety of stimuli. The cytokines respo·nsible for bone r~sorption are produced by
marrow mononuclear cells and bone cells (Mundy, 1993). The production of these
cytokines can ~e induced by viruses, bacteria and lipopolysaccharides (LPS), as well as
by other cytold.nes (Akira, et al., 1990). There is marked overlap in the function of these
osteolytic cytokines (Mundy, 1993).

INTERLEUKIN-6
IL-6 i~ involved in immune regulation by functioning as a differentiation factor
I

for B cells anq as an activation factor for T-cells (Alexander and Petros, 1994; Akira, et
al., 1990). IL~6 is produced by lymphoid and nonlymphoid cells, and its production is
induced by IL-I and TNFa (Alexander and Petros, 1994; Kishimoto and Hirano, 1988;
Shalaby, et al.·, 1989). IL-6 is also produced by osteoblasts in response to local boneresorbing agents, and induces bone resorption by stimulating the formation of osteoclasts
from precursors (Ishimi, et al., 1990; Mundy, 1993; Pacifici, 1996). IL-6 exerts it pro-
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osteoclastogenip effects via a cell surface receptor (IL-6R) and when bound to soluble IL6R, it stimulates the early stages ofosteoclastogenesis in osteoblast cultures (Kurihara, et
al., 1991; Roodman, 1992; Tamura, et al., 1993). Further, IL-6 mediates the antiresorptive effect of estrogen (Girasole, et al., 1992; Hughes and Howell, 1993).
Investigators have recently identified IL-6 in lymphocytes and non-lymphoid cells in
inflamed gingival tissues, but Jiot in cells of healthy gingiva, therefore indicating that IL6 is involved irt periodontal pathogenesis (Takahashi, et al., 1994; Matsuki, 1992).

INTERLEUIQN-1
IL-1 has been found to be a potent inflammatory cytokine and a major mediator in
host response to microbial invasion, inflammation, immunologic reactions, and tissue
injury. IL-1 is' primarily produced in the macrophage, and produced locally by the cells
present in diseased tissues (Tatakis, 1993; Alexander, et al., 1994; Akira, et al., 1990). It
has been shown that IL-1 exerts no direct effects on mature osteoclasts, but does promote
osteoclastic cell formation from marrow cells (Takahashe, et al., 1986; Thomson, et al.,
1986; de Vemejoul, et al., 1988; Pfeilschifter, et al., 1989; Kurihara and Roodman, 1990;
Akatsu, et al., 1991; Tatakis, 1993). In addition, IL-1 and TNF-a have been shown to
antagonize osteoclast apoptosis, thus prolonging the life-span of the osteoclast (Hughes,
et al., 1995).

TUMOR NE(;ROSIS FACTOR alpha
TNF a is a proinflammatory cytokine produced primarily by macrophages and
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lymphocytes. ~ a stimulates bone resorption by increasing both the osteoclastic
activity and the formation of mature osteoclasts from precursors. TNFa has many effects
that overlap those of IL- I, but is I 00- to I 000- times less potent as a stimulator of bone
resorption. As with IL-I and IL-6, TNFa is found in the gingival tissues of patients with
gingivitis and periodontitis (see review, Alexander and Petros, 1994; Mundy, 1993). It
has been reported that the bone resorbing effects of TNF a are not mediated by IL- I or
prostaglandins,: but primarily by parathyroid hormone (Van Der Pluijm, et al., 1991;
Dawson, 1991).

STEROID HORMONES
Steroid horm~nes have direct effects on gingival and osseous tissues and can
mediate cytokine production as well. It is well documented that gingival inflammation is
exaggerated during puberty and pregnancy, during which time there is a marked increase
in the hormon~ levels of women. Other studies have also shown increased gingival
inflammation and hyperplasia in women taking oral-contraceptives (Arafat, ,1974;Vittek,
.

.

et al., 1984; Miyagi, et al., 1992} Oral tissues are more exposed to the.free (unbound)
'

circulating ho~mone (from saliva and blood) when compared to other tissues ( e.g.
I

muscle), therefore, the oral tissues are more vulnerable to the effects of hormonal
changes (Vittek, et al., 1984). It has been suggested that there is._an immuriosuppressive·
effect from steroid hormones, which results in a decrease in the host's immune response
and contributes to the destruction of periodontal tissue (Rembiesa, et al., 1974).
The c~emotactic ability of polymorphonuclear leukocytes has been examined in
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vitro following the addition of estradiol ·and progesterone (Miyagi, et al., 1992). Estradiol
reduced PMN chemotactic ability by binding to cytoplasmic estrogen receptor, but the
1

chemotactic ability was restored by progesterone. In the same study no effect was noted
either on the cp.emotactic ability of nionocytes or in the number of ~acrophages involved
in the inflammatory process. Therefore, it was hypothesized that macrophages exert their
effects on gingival inflammation by releasing a variety of cytokines (Miyagi, et al.,
1992).

ESTROGEN:
The importance of sex steroids in the maintenance of bone mass has been
intensively studied. Estrogen is a major regulator and modulator of bone metabolism, but
its mechanism of action was initially not well understood. Recent studies show that
estrogen exerts its effects on bone by inhibitiQ.g resorption. (Slootweg, et al., 1992;
.

.

Purohit, et al.; 1992; Norderyd, et al., 1993). Receptors for estrogen have been identifi~d
in osteoblasts; therefore it was thought that estrogen exerted direct action on bone
formation. In,stead, it is the bone and bone marrow cells' production of cytokines which
regulate oste~clast formation. Thus, estrogen was found to have an indirect effect on
bone resorption by down-regulating the produ~tion of IL-6 by osteoblasts (Kalu, 1990;
Girasole, et al., 1992; Chaudhary, et al., 1992; Purohit, et al., 1992). IL-I, TNFa, and IL6 are known as powerful stimulants of bone resorption, and are produced in greater
abundance in .conditions of estrogen deficiency (Pacifici, 1996).
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PROGESTERONE
The significance of progesterone (P) in bone metabolism was recently
demonstrated in studies that showed progesterone modulates bone turnover. The
presence of the progesterone receptor and its m.RNA were located in osteoblast cells.
Estrogen treat~ent induced the progesterone receptor messenger RNA, but supplemental
progesterone treatment down-regulated the progesterone receptor (Bethea, et al., 1996).
Through assays for alkaline phosphatase (a membrane-associated marker of the
differentiated osteoblast phenotype), it was demonstrated that progesterone had a direct
stimulatory effect on osteoblast proliferation (Tremollieres, et al., 1992; Wei, et al.,
1993). Monocytic production ofIL-1 and TNF increases after natural or surgical
menopause, but can be decreased by estrogen and progesterone treatment (Pac1fici, 1996).
The involvement of progesterone in periodontal disease has also been examined, and
patients with periodontal disease had higher salivary levels of progesterone (Vittek, et_ al.,
1984; Norderyd, et al., 1993). It appears that progesterone alters the gingival vascular
system and subsequently increases exudation. Depressing cell-mediated immune
responses and modulation of the subgingival flora are some of the other mechanisms of
action suggested to explain the effects of progesterone on the gingiva (Vittek, et al., 1984;
Norderyd, et al., 1993).

LEVONORGESTREL
The most common nonsurgical method of contraception is the ingestion of a
"birth control pill", usually incorporating a combination of hormones (estrogen and
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progesterone).· These hormones interfere with fertility in a number of ways, including
inhibition of ovulation. Norplant, which contains the synthetic progestin levonorgestrel,
is a continuously-releasing contraceptive implant. This drug provides contraception
without the thtomboembolic risks of the estrogens present in most oral contraceptives;
therefore it has gained popularity as a form of birth control. Serum levels of
levonorgestrel,in NorplantR continuously decline from the time the device is implanted,
with a range of 1600 pg/ml (immediately) to 258 pg/ml at 60 months (Croxatto, 1993).
The sustained levels of levonorgestrel produce strong antiestrogenic effects on the body
(Croxatto, 1993). Recent clinical data suggest that progesterone, with no androgenic
effects, might have a beneficial effect on bone turnov~r by enhancing bone
formation(Roseff, et al., 1989; Dye, et al., 1992). Since levonorgestrel is very similar to
progesterone in molecular structure, it could have similar action on the bone. At the same
time, excess progesteron,.e can have deleterious effects on bone morphogenesis by downregulating estrogen production by the ovaries (Roseff, et al., 1989; Dye, et al., 1992).
Due to the potential for changes caused by the continuously elevated levels of this
progestin, it is important to determine the effects of levonorgestrel on cytokine
production in bone cells. Therefore, it was our intent to examine the production of IL-6
by cultured murine osteoblasts, relative to specific concentrations of levonorgestrel and
progesterone.

C. HYPOTHESIS
Studies have delineated the sequence of events wherein stimµlation of osteoblasts
with IL- Ip induces the increased release of IL-6 from the osteoblasts. The hypothesis
was that levo~orgestrel may, at this early stimulatory phase, modulate the response by
osteoblasts_to these pro-inflammatory cytokines. Experimental and clinical data indicate
that progesterone is active in bone metabolism; therefore it was chosen as a· reference
compound.

D. SPECIFIC AIMS
1) To establish a sub-maximal dose ofIL-IB sufficient to stimulate IL-6
production by murine osteoblasts.
2) To grow the osteoblasts in defined serum-free medium.
3) To evaluate the effect oflevonorgestrel on cell growth and viability.
4) To ·evaluate the putative modulation ofIL-6 production by levonorgestrel in
murine osteoblasts.
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II. MATERIAL and lv.lETHODS

ESTABLISHMENT OF OSTEOBLAST CELL CULTURE

ANIMAL USE
Timed pregnant female mice (Mus musculus- Hsd: ICR (CD- IR) were purchased
from Harlan Spraque Dawley Company. Mice were used since_ it has been shown that
osteoblast cell formation is more rapid in the mouse system'. than in the feline, baboon, or
human marrow cultures (Takahashi, et al., 1988). Mouse pups (approximately 10 per
litter) were euthanized by the staff veterinarian by means of cervical· dislocation, within
48 hours of birth. Calvaria were obtained from the sacrificed newborn mice.
Levonorgestrel and progesterone dose response studies required 10 timed pregnant
females (yielding approximately 100 total pups, or 100 ·calvaria) to achieve
approximately 2xl 04 cells/ml in a total volume of 500 ml for each experiment. Once the
dose response curves were analyzed, th~ fully designed experiment was performed using
10 timed pregnant female mice and was repeated for validation.

PRIMARY C_ELL CULTURE
Using; aseptic technique under a laminar flow hood, approximately 100 murine
calvaria were. collected. The calvaria, consisting of frontal, parietal and occipital bones,
were gently cleansed of periosteum and other soft tissue. Calvaria were minced and the
fragments obtained were enzymatically digested in 5 ml of 0.05% crude collagenase
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(Worthington J3iochemical Corporation, Freehold, NJ) to dissociate cells from the bone
matrix. The calvaria fragment/collagenase mixture was stirred for 20 minutes at room
temperature. The supernatant containing the released bone c~lls, was washed with 10 ml
ofDulbecco's;Modified Eagle medium (DMEM) (Gibco BRL, Grand Island, NY) and
centrifuged for seven minutes at 700 x g at room temperature. The supernatant was·
discarded and'the pellet resuspended in 10 ml Hank's balanced salt solution (HBSS,
Gibco BRL, Grand Islalnd, NY). The mixture was again centrifuged for seven minutes
at 700 x g. The supernate was discarded and the pellet resuspended in 4.5 ml DMEM.
-

',

This suspension was then gently layered onto· 4.5 ml ofFicoll-Paque (Pharmacia Biotech,
.

'

Uppsala, Sweden).
These steps .were rep~ated . for four digestions. The four suspensions
:
'

'

on Ficoll-Paque were then centrifuged at 650 x g at room temperature for 50 minutes.
The huffy coa~s from the four digestions were combined and washed with HBSS and
centrifuged at: 200 rpm for 10 minutes. The supernatant was discarded and the pellet
resuspended for a second wash in 14 ml ofHBSS .. Th~·supernatant was discarded and the
pellet resuspended in a final 4 ml volume ofDMEM. After each harvest was completed,
cell viability was estimated by the cells' ability to exclude trypan blue dye, a test of the
integrity of the plasma membrane. The cells that excluded the trypan blue dye were
considered viable and were included in the calculation of cell numbers harvested for use
in each experiment.

FROZEN CELLS
Cells obtained from the primary culture were subcultured and frozen in passage
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three in 25% fetal bovine serum (FBS, HyClone Laboratories, Inc, Logan, Utah) and 75%
Cell Freezing Medium- dimethyl sulfoxide (DMSO, Sigma Co, St Louis, MO)-at 150°C. The cells in the FBS/DMSO solution were cooled to -150° Cina Bicell
Biofreezing vessel (Nihon Freezer Company, Ltd, Tokyo, Japan). For subsequent
experimental 1,1se, the frozen cells were grown in 7 5 cm2 flasks with medium containing
phenol req-free DlyIBM, 10% FBS, non-essential amino acids, 15mM HEPES (N2hydroxyethyl tiperazine-N-2-ethanesulfonic acid, United States Biochemical Corp,
Cleveland, OH), sodium pyruvate (1 hhg/liter, Gibco BRL, Grand Island, NY), penicillin
(100 U/ml, Si~ma, St Louis, MO), streptomycin (100 µg/ml, Sigma, St Louis, MO),
amphotericin ~ (0.5 µg/ml, Gibco BRL, Grand Island, NY), gentamicin (50 µg/ml,
Sigma, St Louis, MO) and 1,25-dihydroxyvitamin D 3 (10·8M, ICN Biomedicals Inc,
Aurora, OH). This medium is referred to as 10%FBS/DMEM herein. Cells frozen in
passage three were defrosted, grown to confluency, detached using Dispase II
(Boehringer Mannheim Co., Indianapolis, IN), and utilized at passage five.

CELL CULTURE EXPERIMENTS

PILOT STUDIES
Experiments were performed to determine the lowest level of fetal bovine serum
required for ct;dequate cell attachment, so as to ensure reduced hormonal effect from the
FBS and that.the primary hormonal effect would be ~oming from the 17~-estradiol,
progesterone: and levonorgestrel add~d. Pilot experiments also determined the optimum
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concentration ofIL-lB required to produce adequate levels ofIL-6 in the cell culture
media.

EXPERIMENTAL DESIGN
In preliminary experiments, the cells were diluted with DMEM to deliver a .
concentration·of2 x 104 cells per well into 24-well ProNectin F-coated plates (Protein
Polymer Technologies, San Diego, CA). Cells were usually confluent by day 5
following incubation at 37°C in humidified, 5% CO/95% ambient air. Alkaline
phosphatase activity of the cells was monitored throughout designated experiments. The
experiment was begun with confluent cell cultures. The medium was replaced with either
control medium or medium containing levonorgestrel or progesterone on day 5 after
. plating. In addition, half of the samples included I 0· 10M I 7P-estradiol. Each steroid was
dissolved in ethanol, and when added to the 10%FBS/DMEM resulted in a final ethanol
concentration below O.1 %. Control medium contained the same ethanol concentration.
Following incubation for 24 hours, all samples were stimulated with 0.2 ng/ml ofIL-1(3
(Upstate Biotechnology, Inc, Lake Placid, NY). Cultures were harvested on day 7. The
media supernates were collected and assayed for the presence oflL-6. The remaining cell
monolayer was solubilized with 0.03N NaOH (Reagents Inc,_ Charlotte, NC) and 1%
sodium dodecyl sulfate (SOS, Sigma, St Louis, MO) and assayed for total protein with
the Pierce bicinchoninic acid assay (Pierce Chenµcal Co., Rockford, IL).
Two experiments were conducted using the previously frozen cells plated at 3 x
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104 cells in to noncoated 24-well tissue culture plates (Becton Dickinson & Co., Lincoln
Park, NJ). In th~se experiments, the hormone concentrations were: 5 x 10·1M
levonorgestrel , 4 x 10·1M progesterone, and 10·10M 17P-estradiol. On day six, following
incubation with the hormones for 24 hours, all samples were stimulated with O. 4 ng/ml of
IL- I~ and retreated 1with respective hormones. Cultures were harvested on day 7, and
supernates were collected and immediately assayed for the presence ofIL-6. The
remaining cell monolayer was solubilized and assayed for total protein.

LEVONORGESTREL
For dose response curves, levonorgestrel (Sigma, St Louis, MO) was diluted into
working solutions in ethanol and added to cell cultures _to achieve_ final concentrations of
5 x 10-6M, 5 x 10-1M, 5 x 10-8M, 5 x 10·9M.

PROGESTERONE
In preliminary experiments, progesterone (Sigma, St Louis, MO) was diluted into
a 5 x 10·8M working solution. For the experiments utilizing subcultured osteoblasts, the
(

progesterone level was changed to 4xl 0-1 M. Samples were treated as above.

ENZYME IMMUNOASSAY
The IL-6 assay utilized a variation of the quantitative sandwich enzyme
immunoassay method consisting of a primary monoclonal antibody (mAb) specific for
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murine IL-6, a secondary biotinylated polyclonal anti-murine antibody, an avidin-horse
radish peroxidase conjugate, and azino-bis-3-ethylbenzthiazoline-6-sulfonic acid (ABTS)
substrate plus ihydrogen peroxide (PharMingen, San Diego, CA). The assay was
performed in~ 96-vyell microtiter plate. T~e number of washes of each well between
steps varied: t~o washes after the primary mAb incubation of24 hours, four washes_after
incubation for two hours with Mega Block (Cel Associate~, Inc, Houston, TX)., eight ·
'

.

washes after the sample incubation of two hours, 12 washes a~er the secondary mAb

I

incubation of 45
minutes, and 16 washes after the 30 minute incubation with the avidin,
'

peroxidase. "{he ABTS substrate and hydrogen peroxid~ were added and allowed to
incubate for 6.0 minutes for enhanced color development. Color .d~tection was r~ad .
spectrophotometrically at 405 nm. A standard curve was generated with known
concentrations of recombinant murine IL-6. Concentrations of the unknown samples (in
100 µ1 volumes) were extrapolated from the standard curve. ,,

PROTEIN ASSAY
The bicinchoninic acid (BCA) Protein Assay was used for protein quantitation of ·
the cell cultures after the supernatant samples were removed. Cells were washed with
phosphate buffered saline (PBS), solubilized by treating the monolayer with 0.03N
NaOH, 1% SDS and assayed for total protein with the copper-BCA reagent. The
absorbance of samples and standards was read at 570 nm. This assay allowed the
computation pf IL-6 production per µg protein.
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CRYSTAL VJOLET ASSAY
To assess cell number, cell cultures were incubated in 10% FBS/Drv.IEM for three
days before the addition of l 7P-estradiol, levonorgestrel or progesterone. Osteoblasts
(3 x I 03 cells/well) were grown in a 96-well microtiter plate. Medium with and without
l 7P-estradiol,. levonorgestrel or progesterone was added on day 3 and changed on day 6.
Cell numbers were determined by crystal violet (Becton Dickinson Microbiology System,
Cockeysville, J\ID) staining on day 9. The cells were fixed with glutaraldehyde, and
stained with q. I% crystal violet in 0.2M MES([2(N-Morpholino) ethanesulfonic acid]
I

(Gibco BRL, ~and Island, NY). The dye was solubilized with I 0% acetic acid (Fisher
Scientific, Pittsburgh, PA) and the intensity of the stain was determined by a microplate
reader at 650 nm.

MTS ASSAY
To assess cell viability, metabolic activity was measured by a MTS (3-(4,5dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium)
assay using a .commercially available test kit, CellTiter 96™ Aqueous Non-Radioactive Cell
Proliferation Assay (Promega, Madison, WI). The osteoblasts (3 x I 03 cells/well) were
grown in 96-well microtiter plates. Medium with and without l 7P-estradiol,
levonorgestrel or progesterone was added on day 3 and c~anged on day 6. Metabolic ·
activity of the living cells was determined by measuring the optical density following
incubation with the MTS reagent on day 9. To each well containing 100µ1 of media, 20µ1
of MTS reagent was added and incub.ated for 2 hours at 37°C .. The absorbance was read
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on a microplate reader at 492 nm.

ALKALINE PHOSPHATASE
The presence of alkaline phosphatase activity was detected using a commercially
available test kit, Alkaline Phosphatase, Leukocyte kit (Sigma Diagnostics, St. Louis,
MO). Briefly, cells growing on cover slips were fixed in a citrate-acetone-formaldehyde
solution, stained 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), counter-stained with hematoxylin and evaluated microscopically.
Cells positive for alkaline phosphatase appeared red in color. Alkaline phosphatase •
staining was performed on days four, six and eight of primary culture cells in control
media.
Subcultured cells were grown on coverslips in control medium and in media
containing Sx10-1M levonorgestrel and 4xl0-7M progesterone. A duplicate set of wells
had 10·1°M 17P-estradiol added to each sample. The hormones were added on day five;
therefore only days six and seven represent cells ·affected by hormones. The .coverslips
containing subcultured cells were stained for alkaline phosphatase on days four, five, six,
and seven.

STATISTICAL ANALYSIS
The IL-6 and protein values for each sample were extrapolated from standard
curves. Results are reported as pg IL-6 per µg protein. These concentrations of treated
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(with levonorgestrel or progesterone) cell cultures versus non-treated (control) cell
cultures were compared by analysis of variance (ANOVA) and differences among groups
I

were analyzed by nuncan' s multiple range test. Cell cultures treated with estrogen,
leyonorgestrel and progesterone were compared by the multivariant ANOVA. The
Statistical Products and Service Solutions c~mputer program (SPSS Inc, Chicago, IL)
was used for these calcul~tions. A p value less than or equal to 0.05 was considered
significant. The d:ata in all graphs represent the mean plus the standard error of the mean.
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III. RESULTS

The basic experimental protocol used thro~ghout this rese~ch project is s~own in

Figure I. The cultures of osteobla,sts used in this research project were harvested from
the murine calvaria. It was concluded that these cultures cons~sted·primarily of
osteoblasts based pn microscopic examination which revealed cuboidal cell morphology,
which demonstrat~d no contact inhibition, and in. which nodule formation was noted. In
addition, these cells stained positive for the-presence of alkaline phosphatase.
l

The alkaline phosphatase staining intensities were evaluated visually to compare
the effects of freezing versus continuous culture on these cells, as well as the effect of
length of time in qulture. The percentage of cells exhibiting positive alkaline
phosphatase staimng in primary cultured cells was evaluated several months after the
staining was performed. These cells demonstrated light staining in about 50% of the cells
on days 4, 5, 6 and 7. The previously frozen cells were evaluated immediately following
the staining proc~dure and demonstrated light staining in almost 100% of the cells after
the same number :of days' growth, but the staining intensity decreased as the number of
days of growth i1wreased. No statistics were performed for this assay, since it was
performed solely ~o screen the cultures to ensure the presence of a predominance of
proliferating osteoblasts.

Figure 1. Experimental Protocol Summary
The general expe,rimental protocol was as shown: 1) Bone cells from 1-2 day old mice
were harvested; 2) 2-3xl 04 osteoblasts plated per well, and grown to confluence (5 days);
3) pretreatment of cells with levonorgestrel or progesterone with or without 11~estradiol for 24 hours; 4) stimulation of cells with 0.2ng/ml IL-lftfor 24 hours; 5)
harvest ofmedium for determination ofIL-6 via ELISA; 6) solubilization of the
mono/ayer of osteoblasts, then quantitate protein via BCA protein assay.
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EFFECTS OF REDUCED SERUM lv.1EDIUM
l

Preliminary experiments were conducted with variations in FB S concentration and
I

medium additives. : Cell cultures were first grown to confluence in medium containing
10% FBS, then fr~sh medium with decreased amounts ofFBS, or without FBS, plus
. additives, was add~d. One experiment compared osteoblast growth in Dlv.1EM plus (A)

41
I

10% FBS; (B)

FBS + Supplement [REDU-SER II (UBI, Lake Placid, NY) + bovine

serum albumin (B$A)+ IM HEPES + sodium pyruvate (I lmg/liter solution)= Supp];
(C) epidermal growth factor (EGF, 10 ng/ml, Gibco BRL, Grand Island, NY)+ 10-1M
hydrocortisone (Sigma, St Louis, MO)+ Supp; (D) EGF + Supp; (E) 10-1M
hydrocortisone +Supp; or (F) Supplement alone. Analysis of osteoblast growth via the
MTS assay reveal~d a reduction in cell growth relative to the control, in all cultures
which lacked FBS 1 (Figure 2 ). Dlv.1EM containing 4% FBS plus Supplement
demonstrated short-term growth equivalent to medi~m with 10% FBS.
Laboratory tests were.performed to determine if any elevated levels of growth
factors or steroid hormones existed in the various media (data not shown). Tests were
performed by Endocrine Sciences, Calabasas Hill, CA The Dlv.1EM + 4% FBS +
i

-

Supplement had abnormally high insulin levels, therefore tqis medium was not selected .·
because of the possibility of interference due to hormone effects. In addition, subsequent
I

experiments using this DMEM with 4% FBS + Supplement, demonstrated poor cell
growth when evaluated microscopically; cells appeared very slender, and highly granular,
as compared to c~lls grown in 10% FBS. Although one of the initial goals of this study
was to develop a serum-free

Figure 2. Effect ofreduced serum medium.
Cell cultures were first grown to confluence in medium containing I 0% FBS, then fresh
medium with decreased FBS, or no FBS plus additives were added. This experiment
compared osteoblast growth for 48 hours in DMEM plus I 0% FBS, 4% FBS, Supp (RSII
+BSA+ Hepes + Na Pyruvate), 10-7M hydrocortisone, or epidermal growth/actor (JO
ng/ml). Analysis of osteoblast growth via the MTS assay revealed significant inhibition
of cell growth in cultures with those that lacked FBS (P<O. 05). DMEM containing 4%
FBS plus Supp demonstrated growth equivalent to medium with I 0% FBS. (n=8/group)
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or reduced serum'.medium, use ofth~ 4% FBS + Supp formulation faiied to support longterm osteoblast gfowth equivalent to that observed with 10% FBS when·viewed
microscopically. The 10% FBS/DMEM medium was analy~ed for the. presence of steroid
hormones and gr9wth factors. The medium content for estradiol, proge~terone,
corticosterone, hydroxycorticosterone, insulin-like growth factor (IGF) binding protein,
insulin-like growth factor-I / somatomedin-C, insulin, 17 cx-hydroxyprogesterone, growth
hormone, testosterone, parathyroid hormone, insulin-like growth factor II, prolactin,
cholesterol and estrone were found to be below the normal physiologic levels and the sex
hormone levels Were below the normal range 'for a woman in the follicular phase of the
menstrual cycle. ~edium containing Supplement and EGF had extremely high levels of
insulin (114,000-150,000 uU/ml) compared to DMEM plus 10%FBS (3.3uU/ml). There
was a significant inhibition of cell growth (p<0.05) in all cell cultures not containing
FB S. Since the results of these analyses revealed no abnormally high levels of steroid
hormones or gro~h factors, it was decided to run the definitive experiments with DMEM
containing 10% ~BS.

IL-IB STIMULATION
- To dete~ne a submaximal level for IL-IB stimula!ion ofIL-6 production, an
experiment was designed using three concentrations of IL- lB: 0 .2 ng/ml, O. 4 ng/ml, and
0.8 ng/ml. The dsteoblasts were grown to confluence in 10% FBS/DMEM. Fresh
medium was then ·added and the cells were stimulated with one of the three
I

I

concentrations ofIL-lB. After 24 hours, the supematants_were -~ollected and the IL-6

Figure 3. Dose response for IL- I Bstimulation ofIL-6.
Primary culture cells were plated at 2xio-4 cells per well in 24-well tissue culture plates.
On day six, IL-I/3 was added Twenty-four hours following IL-I fJ stimulation, the
supernatant was cpllected and the IL-6 assay run. Each IL-I/3 level resulted in a
significant stimulation ofIL-6 when compared to no addition ofIL-I fJ, which failed to
stimulate any IL-6 production. (P<0.05; n=4/group)
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The experiment in Figure 3 was repeated using cells previously frozen in the fifth
.

I

passage. Each I~-1/3 concentration resulted in a significant stimulation ofIL-6 when
'

'

'

'l

'

'

'

.compared to control. (P<O; 05; n=4/group)
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'

assay was run immediately. The osteoblasts were solubilized arid total protein measured.
All JL-IB concentrations were signific_aritly stiqmlatory{P<0.05) for JL-6 when compared
to no addition of IL- IB, which failed to stimulate any IL-6 production (Figure 3). This
experiment was r~peated with frozen cells utilized at passage five and included an
unstimulated control group. Again, all JL-1 B concentrations were significantly
I

•

stimulatory (P<0.~5) in a dose response trend (Figure 4). The absolute cytokine
production (pg ~-6/µg protein) between the two experiments was markedly reduced for
the previously frozen cells.
Experiments were designed to determine the optimal day of cell growth for
JL-IB stimulationi and varying the days oflL-IB stimulation to determine an effective,
'

I

period of time necessary to quantitate IL-6 production (data not shown). This involved
challenging confluent cells with IL~ IB either at the time of medium change and hormone
treatment, or 24 hours post medium change and hormone treatment (day 6). ·A duplicate
set of plates was grown for an additional 48 hours and treated identically to the first set
with immediate and 24 hour post hormone treatment stimulation. In addition, one group
in each set was not stimulated with IL-IB. Analysis ofIL-6 production demonstrated no
significant difference in response between immediate and 24 hour post hormone
stimulation. In t4e groups that were grown for an additional 48 ·hours before the media
were changed, h9rmon~ treatment and JL- IB stimulation demonstrated a significant
(p<0.05) reduction oflL-6 production in the control and levonorgestrel samples, but not
the samples treat~d with progesterone. The groups that were not stimulated with IL- IB
had undetectable :IL-6 production (data not shown).

I

Figure 5. Effect of ethanol vehicle for levonorg_estrel and progesterone delivery on IL-6
production by previously frozen osteoblasts.
Previously frozen osteoblasts were plated at 2xl 0-4 cells/well and grown tn medium
'

I

.

'

without ethanol or iwith 0.1 % ethanol. One half of the samples also had 10-10M 17~,

estradiol added 1'.he ethanol-treated groups revealed significant reduction (p<O. 05) in
IL-6 production. (n=6/group)
I
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EFFECT OF ETHANOL OR DMSO VEHICLE FOR HORMONE DISSOLUTION
Experiments were designed to determine if the solvent ( ethanol) for the steroid
hormones to be used in these experiments affected IL-6 production, using previously
frozen osteobla~ts grown in medium without ethanol or with O.1 % ethanol. In addition,

10·1°M l 7P-estradiol was added to one half of the samples. The results (Figure 5)
revealed highly· significant reduction in IL-6 production in the presence of ethanol
(n=6/group).
Additional experiments were d.esigned to test for a· possible effect of DMSO as a
solvent for the steroid hormones in place of the ethanol. This experiment compared IL-6
production with no vehicle. to that with ethanol or DMSO at concentrations of 0.1 % and
0.001 %. IL-6 production was slightly, although not significantly, reduced with 0.1 %
ethanol, and slightly.increased with 0;001% ethanol and both DMSO concentration

(Figure 6; n=4/group ). The highly significant decrease in IL-6 production with 0.1 %
ethanol did not occur in this experiment. DMSO was more difficult to use since it
solidified upon refrigeration. The results of this experiment revealed no advantage of
DMSO over ethanol. For the remaining experiments, all groups contained the same
concentration (0.1 %) of ethanol.

EFFECTS OF STEROID ON CELL NUMBER
To determine whether levonorgestrel or progesterone affected cell number, a
crystal violet assay was performed. Six groups, corresponding to doses of hormone
treatment, were formulated. The groups included: control, 5xl 0·9 M levonorgestrel,

Figure 6. Effect ,ofethanol and DMSO vehicle for levonorg_estrel and progesterone
delivery on IL-6 production by osteoblasts.
Using a primary cell culture, ethanol or DMSO were added to media at concentrations of
0.1 % and 0. 00 I% and compared with control to determine the effect of the vehicle on IL6 production. DMSO did not appear to add any advantages over ethanol. (n=4/group)
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Figure 7. Effect oflevonorgestrel and progesterone on osteoblast number.
Once the cells had reached 80% conjluency (day3), the medium was changed to either
control medium or medium plus hormones. The media were changed again on day 6. 1oM l 1P-estradiol was added to half of the samples. On day nine, a crystal violet assay

10

was performed in the 96-well plate. The samples with l 1P-estradiol had slightly lower
O.D.s than the groups without estrogen, but the absorbances were not statistically
different among groups. (N=6/group)

-4

('f")

Effect of Levonorgestrel & Progesteron~

on Osteoblast Number - CV
0.40

0.35

E

0.30

C:

0
LO

(0

0.25

~
(I)

0
C:

co
.c

...
0

0.20

0.15

en

.c
<t:

0.10

0.05

0.00
Control

5x10-9Levo

5x10-Blevo

5x10-7Levo

5x10-6Levo

Hormone Concentration

111B

No Estrogen

~ + Estrogen

Sx10-BProg

32
Sxl o·8 M levonorgestrel, Sxl 0·1 M levonorgestrel, Sxl o-6 M levonorgestrel, and Sxl o-s M
progesterone. · One half of the samples also had 10·10 M 17P-estradiol added. The results,
shown in Figure 7, revealed slightly lower absorbances for the groups with estradiol, but
no effect on cell proliferation, since there was no significant difference between the
'

'

treated samples and their respective controls.

EFFECTS OF STEROID ON METABOLIC ACTIVITY
To determine if ~he hormones modulated metabolic activity, the MTS assay was
· performed. Six groups, corresponding to hormone treatments in the crystal violet assay
were evaluated. The results, expressed in Figure 8, revealed no significant differences
between controls and the steroid-treated osteoblasts after nine days of growth and six
days of treatment on metabolic activity.

EFFECTS OF STEROID TREATMENT ON IL-6 PRODUCTION
Having established the conditions for IL- Ip stim,ulat1on of IL-6 production, the
quantitative effects of levonorgestrel and prc:>gesforone on ·murine osteoblast~ were
investigated. The steroid concentrations examined were: Sxl o-6 M, Sxl 0·1 M, Sxl o-s M,
and Sxl 0·9 M levonorgestrel, Sxl o-s M progesterone, with or without 10·10 M 17Pestradiol. Using a primary culture ofmurine osteoblasts and a steroid pretreatment for a
24 hour period, IL- IB stimulation was first investigated; L~vonorgestrel signifi~antly .
increased IL-6 production when the levonorgestrel concentration was Sxl o-s M,
regardless of the presence or absence of 17P-estradiol (p<0.05; n=4/group) (Figure 9).

Figure 8. Effect oflevonorgestrel and progesterone on metabolic activity of osteoblasts.
In this experiment, the cells were grown and treated with hormones as in Figure 7. On
day nine, a MTS.assay was performed in the 96 well plate. The results revealed no effect
. on metabolic activity and no significant difference between controls and the treated
samples. (N=6/group)
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Figure 9. Effect ,oflevonorgestrel and progesterone on IL-6 production by osteoblasts.
A primary murine cell culture was used with a 24 hour steroid pretreatment and 0.4ng/ml
IL-1/J stimulation. All sClmples contained 0.1% ethanol. IL-6 production was measured
by a Pharmigen ELISA assay and related to protein concentration, which was
quantitated by the Pierce BCA protein assay. IL-6 production was significantly
increased with 5xl o-8M levonorgestrel, with or without I 0·10M l 7P-estradiol added IL6 production was also significantly increased by progesterone treatment with or without
10-10MI7P-estradiol added (P<0.05; n=4/group)
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Compared to the control samples, 5xl o-s M progesterone, with or without 17P-estradiol,
had a significant in9rease in IL-6 production (p<0.05, n=4/group) (Figure 9).
Primary cultures have inherent variability due to the "shock" of t~e collagenase
extraction of the bone cells, contamination with other connective tissue cells, growth rates
and cell viability. To correct for these disadvantages of primary culture, one lot of
osteoblasts was. prepared by pooling cells from a single harvest that had been grown to
passage three and frozen. Cells from this lot were thawed and utilized at passage five for
two additional experiments. The first of these experiments was conducted on cells
grown for 2 days in either control medium, medium plus 5x10-1M levonorgestrel or
4xl 0·1M progesterone, with or without 17P-estradiol (Figure 10). Control and hormonetreated samples each contained 0.1 % ethanol. Each sample was stimulated with 0.4ng ILlB/ml 24 hours after medium change and hormone treatment. There was a significant
increase in IL-1 P-stimulated IL-6 production only in the osteoblasts grown in culture
medium containing 5x10·1 M levonorgestrel in combination with 17P-estradiol (p<0.05).
In the final experiment (Figure 11) , an additional steroid treatment was added to the
medium, at the same concentration, for the second 24 hour incubation period during
which the IL-1 Pwas stimulating the osteoblasts, to ensure adequate hormone availability ·
during the IL-IP. stimulation period. In both experiments (Figures 10 and 11), IL-6
production was significantly increased by cells treated with 5xl 0·1M levonorgestrel plus
10·1°M 17P-estradiol. The major difference between the two experiments was seen in the
control groups, where the second steroid .treatment apparently reduced the IL-6
production in non-estradiol treated groups, relative to the control.

Figure 10. Effect oflevonorgestrel and progesterone on IL-6 production by previously
u

frozen osteoblasts.

Previously frozen confluent osteoblasts from the fifth passage, were grown in either
control
medium or medium plus 5xl 0· 7M levonorgestrel or 4xl 0·7M progesterone, with or
I
without 10·10Mf l 1P-estradiol for 24 hours. Then each sample was stimulated with
0. 4nglml IL-1/3. IL-6 production was significantly increased (P ~o. 05) in cells treated
with 5xl 0- 7M levonorgestrel plus 10·10Ml 1P-estradiol. (n= 12/group)
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Figure 11. Effect ofreplenished levonorgestrel and progesterone treatment on IL-6
production by previously frozen osteobli:tsts.
Cells were grown and treated as in Figure 10, except that the hormones ;were replenished
24 hours after the medium change andfirst hormone treatment (day 5). Each sample was
stimulated with 0.4ng/ml IL-1/3 only on the day of the second hormone application (day
6). IL-6 production in cells treated with 5xl 0- 7M levonorgestrel plus 10-10M I 7Pestradiol was significantly increased. (P s-0. 05; n= 12/group)
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IV. DISCUSSION

.

.

.

The concepts of the mechanisms responsible for initiation- and progression of'
periodontal disease originated from studies that defined periodontal disease solely as a
plaque-dependent disease (Jand_inski, et al., 1991; Clark & Loe, 1993 ). These studies
derived their results primarily from histopathological observations of microorganisms in
plaque (Kornman & Loe, 1993 ). Further research has discovered that some systemic
conditions and disorders are additional factors modulating disease initiation or
progression rather than acting as primary etiological factors (Genco & Loe, 1993). These
. factors can modulate the hosts' production of cytokines, immunoglobulins, or
inflammatory cells when invaded by microorganisms (Riott, et al., 1993 ). These
cytokines and inflammatory agents can enhance periodontal d~struction if the host's
immune response is compromised. Pro-inflammatory cytokines and sex steroid hormones
have been shown to have a substantial role in the regulation of bone growth and
metabolism (Vittek, et al., 1984; Pensler, et al., 1990; Miyagi, et al., 1992; Scheven, et
al., 1992; Horowitz, 1993). The cytokines primarily responsible for stimulating
osteoclastic bone resorption are IL-I, IL-6, and TNF-cx (Mundy, 1993). Progesterone
17~-estradiol and are sex steroids that have been extensively studied for their modulation
of bone remodeling (Tremollieres, et al., 1992; Purohit, et al., 1992). It is well known
that increased gin~ival inflammation has been observed in patients taking supplemental
female sex hormones (Lindhe & Sonessoon, 1967; Kalkwarf, 1978) or in states where
hormones are physiologically altered, ie. puberty, pregnancy or meiiopaus~ ( Lindhe, er·
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al., 1969; Pankhurst, et al., 1981; Kornman & Loesche, 1982; Reinhardt, et al., 1994;
Mombelli, et al., 1995). Despite the abundance of studies on these naturally occurring
hormones, there is a paucity of studies on the synthetic progestin, levonorgestrel,
evaluating its role .in bone metabolism.
Levonorgestrel is a synthetic progestin used in a long-term contraceptive device,
delivering approximately 10·9 M levonorgestrel per day for five years. This level of
levonorgestrel is sufficient to suppress the gonadotropins (follicle-stimulating hormone
and luteinizing hormone), thereby suppress the synthesis of progesterone and estradiol,
and inhibit ovulation (Telleria, et al., 1994). This feedback inhibition of gonadotropins
by levonorgestrel is similar to that occurring in pregnancy. The elevated hormonal levels
of pregnancy last only nine months, therefore the gingivitis that frequently develops may
not have sufficient time to progress to periodontitis. Since the hormonal state caused by
levonorgestrel release can last five. years, it is important to. evaluate the effects of
levonorgestrel on osteoblasts.
The protocol· for this research was based on an osteoblast primary culture model,
with the cells harvested from calvaria of one to two day old mice. ·The harvesting
technique utilized was a modification of the technique developed by Luben, et al. (1976).
The cells were verified as osteoblasts by morphology, by the absence of contact
inhibition after confluency, by the ability to form nodules, and by the production of
alkaline phosphatase staining (Bellows, et al., 1986). After new techniques and
equipment became available, additional experiments were performed, from which
isolated mRNA demonstrated the expression of genes for type I collagen, bone
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sialoprotein-1, bone morphogenic protein 2 and 4, osteoglycin, osteonectin, and
osteocalcin from the cells harvested from the murine calvaria (unpublished data from
Niagro, et al., 1996). All of these mRNA species are expressed in bone, with osteocalcin
being a specific marker for bone, thus verifying osteoblasts in our cultures (Rodan &
Noda, 1991). In vitro studies by Ogata, et al., 1995, specifically demonstrated expression
of bone sialoprotein mRNA and alkaline phosphatase production by osteoblasts, but not
by fibroblasts. Calvaria-derived osteoblastic cells have been studied for many years, and
...;

'

possess the advantage of being normal neonatal cell~, whiqh·retru.n·propertie.~ associated
.

with that differentiated phenotype. These cells, when used in primary culture, have the.
disadvantages of experimental variability and a limited number of cells which can be
obtained at each harvest. Preliminary experiments in this study suffered from these
weaknesses; therefore a single lot of frozen cells was stored
for use in the development of
.

.

osteoblast cultures for the final experiments. The frozen cell lines are known to be
subject to phenotypic drift when passaged numerous times (Rodan & Noda, 1991). 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 t~e same
mRNA genes and by possessing receptors for estradiol, progesterone, Il.,- lB, and Il.,-6
(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.
One of the specific aims of this study was to grow osteoblasts in serum-free
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medium to ensure. no interference from hormones in the fetal bovine serum. In vitro
studies by Bartold & Haynes (1991) showed-.an i~crease in IL-6 production by human
gingival fibroblasts when grown in medium containing fetal bovine serum. In our
studies, we could :not sustain the osteoblast culture for the duration of the experiments in
reduced serum medium. However, basal (unstimulated) IL-6 release was not detectable
in our ELISA in medium from our serum-containing formulation, therefore we assumed
that the serum component had no significant effect on the production of IL-6 by
osteoblasts in these experiments. After the results of tests performed by an outside
laboratory indicated acceptable hormone levels in the medium with 10% fetal bovine
serum, it was decided that this experimental model would be used.
Once the medium was acceptable for the growth of osteoblasts, experiments were
conducted to determine the dose ofIL-lB needed to submaximally stimulate IL-6
production. IL-1,P significantly stimulated IL-6 production in a dose dependent manner in
both primary cell 'cultures (Figure 3) and frozen cultures (Figure 4) of osteoblasts. The
0.4ng/ml dose ofIL-IB was appropriate to yield a significant stimulation ofIL-6
production to a quantity that could be reliably evaluated by the ELISA kit used in these
experiments, and '.at the same time was a submaximal dose. A submaximal dose was
required so as not to create false insignificant results by over-stimulating the cells to their
maximum IL-6 production capacity.
In vitro investigations followed the same experimental design, first on primary

culture cells, then on frozen cells. After determining the submaximal IL- IB concentration
to be O. 4 ng/ml, and experimenting with a range of hormone concentrations, the final
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experiments used Sx10-1M levonorgestrel and 4x10-7M progesterone with or without
1o- 1°M 17P-estradiol added.
The variability in results between primary culture osteoblasts and frozen culture
osteoblasts might :be explained by the nature of osteoblast cell culture growth.
Osteoblasts are not inhibited by contact with other cells, and demonstrate numerous areas
where the cells will grow up in layers and form nodules .. The cells deep in these nodules
may accordingly not be exposed to the hormones, thus may not respond. These same
cells, which were not affected by the hormones, were measured in the protein assay even
though they may not have contributed to IL-6 production. The calculation of cell
numbers at the time of plating was determined by manual counting of cells on a
hemacytometer. This calculated number was diluted into a volume of medium necessary
to supply the plates for each experiment. These techniques can result in inconsistent cell
plating, which can result in varying degrees of confluency at day 5. While washing the
cell layers prior to medium change or cell solubilization for proteins, many c~lls could be
dislodged and removed inadvertently. These factors could all contribute in the variability
of experimental results. In addition, in the preliminary experiments the medium
concentration of ethanol was not equal in all groups. An experiment was performed
comparing the effect of different ethanol concentrations and demonstrated that the
addition of O.1 % ·ethanol to medium sometimes caused a marked reduction in IL-6
production (Figure 5 ).
)

These results could be altered by a reduction in or loss ofIL-lB or IL-6 receptors
during freezing of the cells, or progression to steroid insensitivity by the functional

43

receptors. Flow cytometry was performed on the primary culture cells and on the
·previously frozen-cells to determine if there was any loss of receptors. The results
revealed no loss, or reduction in number, of IL- lB or IL-6 receptors after freezing
(unpublished data from J. Lester, 1996).
In the final two experiments, one lot of previously frozen cells was used for both
I

experiments at passage five. All of the hormones were solubilized in ethanol so that each
well received steroid i9 0 .1 % ethanol. The control wells received O.1 % ethanol as well.
Only one concentration oflevonorgestrel was :used, and the sample number (number of
wells in each gr01.~p) was increased to twelve. Cells were plated into wells in a random
order to reduce variance in aliquots taken from the stock cell culture. Hormones were
added on the day of medium change (day 5), as well as 24 .hours later (day 6) in the final
.

\

experiment to ensure an adequate hormone level during the time of IL- lB stimulation
(Figure 11). When the IL-6 and protein assays were performed, a separate standard curve

was run on each microtiter plate to control for any differences among the plates and
incubation times. Controlling numerous variables in both the cell culture of osteoblasts
and the assays for IL-6 and protein revealed similarity between primary cell cultures and
frozen cultures of osteoblasts. Levonogestrel in combination with 17P-estradiol yielded a
significant increase of IL- IP-stimulated IL-6 production in both primary and frozen
osteoblast cultures ( Figures 9, JO, and 11, P<0.05).
The possibility that the effect of levonorgestrel was due to a change in cell
number or in cell-viability was excluded, since there was no significant difference
between control and experimental samples in growth studies (Figures 7 and 8). Alkaline
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phosphatase staining of the different groups revealed no observable differences in
percentage or intensity of staining between treated and control samples. Additionally,
there were no significant differences in the amount of protein per well from group to
group (data not shown). Flow cytometry of cells from the primary c~l~ure and from the
.

.

.

~

frozen cell pool revealed no reduction in receptors for IL-IB, JL;;.6 or progesterone when
comparing the two cell cultures (personal communication, J. Lester, 1996). It was shown
that progesterone-without estradiol down regulates IL-6 production by fibroblasts (Lapp,
.

'

et al., 1995). It may be that levonorgestrel, with its slightly different structure, does not
'

'

cause the same effects as does progesterone. These results are unique since no other
studies have investigated the effects of levonorgestrel on osteoblasts. It has been shown
that estrogen upiegulates progesterone receptors (Kraus, 1994; Bethea, 1996); therefore
the addition of estradiol may induce the expression of more progesterone receptors for the
levonorgestrel to bind to and thus demonstrate a significant effect on IL-6 production by
osteoblasts.
Interleukin-6 has been associated with bone resorption in periodontal disease.
Measurements of IL-6 in gingival crevicular fluid from adults with destructive
periodontal disease have been found to be markedly increased (Geivelis, et al., 1993). It
has been reported that osteoblasts produce IL-6, in response to local bone-resorbing
agents, and the cytokine induces bone resorption both alone and in concert with other
bone resorbing agents. IL-6 slightly suppressed alkaline phosphatase activity an~.
collagen synthesis in a clonal osteoblastic cell line (Ishimi, et al.,' 1990). Studies

45
evaluating patients with decreased estrogen levels showed increased levels of IL-6 in
gingival crevicular fluid (Reinhardt, et al., 1994) and in vitro experiments demonstrated
an up-regulation of IL-6 production by bone marrow cells with low estradiol (Passeri, et
al., 1993). Some investigators have shown that IL-6 can induce osteoclastic bone
resorption via stimulation of osteoclast formation (Miyaura, et al., 1989). Studies in IL6-deficient mice suggested that induced estrogen deficiency resulted in protection from
bone loss (Poli, et al., 1994). Other in vivo studies have shown that an antibody against
IL-6 was able to prevent bone loss and the increase in the number of osteoclasts in
ovariectomized animals (Jilka, et al., 1992). This indicated that IL-6, and not simply the
estrogen deficiency, was responsible for the bone loss:
During pregnancy and puberty there are increased· incidences _of gingivitis without
an increase in plaque or calculus (Loe & Silness, i963; Kornman & Loesche, 1980).
Gingivitis, as well as increased gingival crevicular exudate, was highly correlated with
plasma progesterone and estriol levels measured from the twelfth week of pregnancy
through parturition (Genco & Loe, 1993). Jonsson, et al., 1988, measured salivary
steroids and found increased salivary cortisol and progesterone levels in pregnant women.
In the same study, the results also showed increased·levels of Bacteroides intermedius in
menstruating and in pregnant women. During periods of excess plasma steroid ·hormone
levels, P. intermedia can use some sex hormones to substitute for its essential growth
factor, menadione or vitamin K (Lev, 1959; Kornman & Loesche, 1982). Patients taking
oral contraceptives were found to have gingival inflammation similar to patients with
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pregnancy gingivitis, and the severity of inflammation increased with the duration of oral
contraceptive us~ (Pankhurst, et al., 1981 ). In addition, gingival pathology, as found in
humans, was demonstrated in animals treated systemically with sex hormones (Lundren,
et al., 1973).
Progesterone has been implicated in the pathogenesis of periodontal disease.
Progesterone affects the induction of inflammation via its influences on the biosynthesis
ofHETE, prostacyclin and prostagladins in the gingiva (Guivernau, et al., 1980).
Experiments on pseudo-pregnant rabbits have revealed that increased progesterone levels
induced microcirculatory impairment· in slightly damaged tissues, resulting in increased
vascular permeability and vascular proliferation (Lindhe and Branemark, 1967). Human
and dog studies have shown that regular administration of estrogens and progesterone
cause an increase in the gingival crevicular e~date (Lindhe and Bjorn, 1967). In one
study, Chlormad~none acetate, another synthetic progestin, was given daily in low doses
without interruption throughout the menstrual cycle. Investigators found that this
progestin caused. the most marked increase in gingival exudate during menstruation wheri
the production of ovarian estrogens arid progesterone is low (Lindhe, et al., 1969).
Progestins have also been implicated in having an immunosuppressive
effect, thus
.
\

contributing to p~riodontal tissue destructio~ (Rembiesa, et al., 1974). Measurements of
plasma concentration of hormones in patients with varying degrees of periodontal:
pathology revealed markedly increased levels of progesterone, while all hormonal levels
were normal in patients with healthy periodontium (Vittek, et al., 1979).
In this in vitro study, the addition of 5xl 0-1 M levonorgestrel with low-dose l 7P-
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estradiol significantly increased interleukin-6 production by osteoblasts.

As stated

earlier, levonorgestrel administration simulates the hormonal state of pregnancy by
inhibiting gonadotropin release, but a concurrent increase in estrogen levels does not
occur as in pregnancy. Although pregnancy gingivitis is self-limiting due to the
termination of pregnancy after nine months, research has shown that such inflammation
can lead to periodontal disease if it occurs on a preexisting weakened periodontium
(Vittek, et al., 1984). This concept is important since the. duration of this chronic
contraceptive therapy could lead to modulated host response to periodontopathic
organisms, as shown in studies that demonstrated perfodontal inflammatim{resµlting
from altered sex hormones. Since there are as yet no studies for comparison, in vivo
studies will need to be conducted to assess the actual risks for periodontal disease in
patients with levonorgestrel implants.
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V. SUMMARY

The primary objective~ of this study were the followi.ng: l) establish a submaximal dose of IL-1 sufficient to significantly stimulate IL-6 production by murine
osteoblasts; 2) grow the osteoblasts in defined serum-free mediu~; ~) (?Valuate the, effect
.

,,•,

.

,

of levonorgestrel on cell growth and viability; '4) evaluate the putative modulation of IL~-6
production by levonorgestrel in murine osteoblasts.
After pilot studies were completed, the experimental protocol involved primary
culture cells and cells subcultured from a harvest that was frozen after passage two.
Experiments identified 0.4 ng/ml of IL-IP as a concentration adequate to submaximally
stimulate IL-6 production by murine osteoblasts.
Repeated attempts to formulate a serum~free medium showed that such systems
,I

failed to support 8:dequate growth of the osteoblasts. When the cells- were grown in
medium with 10% fetal bovine serum, levonorgestrel had no effect on cell number or
proliferation, with or without 17P-estradiol.
Once the experimental parameters of the protocol were defined, with attempts to
control many of the variables inherent in cell cultures, the results showed that Sxl 0-7 M
levonorgestrel plus 10-10 M 17P-estradiol significantly increased interleukin-6 production
by osteoblasts (p<0.05). This is the first study demonstrating increased production of
interleukin-6 by osteoblasts after exposure to medium with levonorgestrel and 17Pestradiol. Since these concentrations approximate physiological levels in females using .
levonorgestrel co~traception, these findings have potential significance for the oral health
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of young women. The mechanism of this effect could not be determined in this in vitro
study. Clinical studies on patients with levonorgestrel implants should be planned to
assess the possible risks of altered immune response· and the actual occurrence of
periodontal pathology in such patients.
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