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Relaxin affects the dentofacial
sutural tissues

Abstract: This is a report of an exploratory study of how the
hormone relaxin might modulate the remodeling of connective
tissue within the craniofaclal sutures and periodontal tissuss.
Relaxin is a homone that was discovered to be produced by
the pregnant female. It is responsible for the relaxing of the
pubic symphysls; the birth canal is widened for parturition. it
has also been shown to have seffects on other areas of the
body, including ligaments and regions containing collagen and
fibroblastic activity. Twenty-one Swiss retired-breeder mice
weare used to: 1) immunohistochemically demonstrate the
presence of relaxin within the sutures; 2) demonstrate its
effects on the integrity of the suturs-like tissues; and 3) assay
its effects on protease activity. Relaxin in concentrations of
250 and 500 ng/ml was used in the treated samiples and
allowsd to incubats in complete tissus culturs for 24 h. The
results indicate the presence of relaxin within the cranial
suture. Histological observations revealed definite changes in
the collagen fibril amrangement in the POL - from being dense
and highly organized with a perpendicular direction between
tooth and bone to randomly organized and loose, lacking any
direction betwsen tooth and bone. An elevation in the
protease activity was evident in the relaxin-treated samples.
This naturally occurring hotmone might be used as an adjunct
to orthodontic therapy as it appears to have the capacity to
alter the physical properties of the connective tissue within
sutures, gingival tissue, and the POL Potential indications for
use includs instances of sutural and soft tissue adaptation of
oithopedic expansion in non-growing patients by a reduction
in the tension of the stretched soft tissue envelope following
orthognathic surgery {particulary the expanded palatal
mucosa), periodontal igament remodeling during or after tooth
movement promating stability, rapid gingival tissue remodeling
during space closure in extraction sites, and by a decrsase in
the amount of scar tissue formation following frenectomies.
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Introduction

Orrhodontic treatment is the rearrangement of skeleral or
dental tissues. The clinician's ability to do so is facilitated
by an extensive network of sutures and soft tissnes within
the orofacial complex: facial and cranial surures, periodon-
tal ligament, and the gingiva. Unfortunately, as much as
they allow movement of dental or skeletal units, they are
also rhoughr to be responsible for the relapse of correcred
relationships. Movement and relapse both require remod-
eling of these soft tissue systems. At the microscapic level,
they are highly organized. Mechanical forces evoke a
remodeling response, and remodeling involves either syn-
thesis or degradation of collagen, or both (1-3), Arguably,
if an agent or stimulus could break down the structural
organization or interfere with collagen metabolism, then the
orthopedic or orthodontic corrections might be easier and
more stable,

One such phenomenon is physiologically present in the
body: the relaxin-induced widening of the pukic symphysis
during childbirth. This hormone is also present in the male,
bur its role remains obscure. In the pregnant female, it
interferes with the collagen types [ and 11l gene expression,
reduces total collagen, and increases the collagenase activ-
ity. Currently, there are no reports of its effect on cranio-
facial sutures, bur it was suggested as the responsible
element in the degradation of the temperomandibular joint
{TMJ} disc(4). Acrually, the scope of relaxin's effecr ourside
the reproductive system is largely unknown (5, 6). The
potential is exciting for an application of this hormone in
dentofacial orthopedics or orthodontics, Accordingly, this
study was designed to 1) demonstrate the presence and
effects of relaxin in the conmective tissue and 2) show
relaxin’s effects on the proteinase activity.

Materials and methods

Experiments in this study employed 18 Swiss retired-
breeder mice. In addition, two female pregnant mice and
one adult male mouse were included in the investigation for
a total of 21 mice. One milligram of lyophilized mouse
anti-rat relaxin monoclonal antibody {(MCA1) was kindly
provided by Dr. O.1. Sherwood, Department of Molecular
and Investigative Physiology, University of [linois at Ur-
bana-Champaign. [t was reconstituted in 1 ml of phosphate-
buffered saline (PBS) for a final concentration of 1 mg/ml.
Purified porcine relaxin hormone was also a gift from Dr.,
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Q.D, Sherwood, Purification procedures for porcine re-
laxin have been described by Sherwood (6}

Reagents used in the experimental protocol were as
follows: HistoMouse-5P kit (Zymed Laboratories Inc., San
Francisco, CA) was used for immunohistological staining.
For protein concentration determination, Bio-Rad Protein
Assay Kit (Bio-Rad Laboratories, Hercules, CA) was used.
Protease activity was determined with EnzChek™ Protease
Assay Kit (Molecular Probes, Eugene, OR). Fimally, a
minimum essential medium (MEM; BRL), containing 15%
fetal calf serum (FCS) (HyClone) was used to culture
mandible and calvaria samples.

Immunohistochemistry

Two female pregnant mice and one male adult mouse were
used to demonstrate if the hormone relaxin was indeed
present in the cranial sutures. Freshly isolated calvaria
containing frontal surures were embedded in OCT medium
(TissueTek, Fort Washington, PA) and frozen ina — 70°C
freezer. Ten-micron thick frozen sections of frontal sutures
were mounted on precoated slides (Fischer Scientific,
Pittsburgh, PA) and air dried. The periodontium was not
used because the samples were too hard to cur into sections,
MCAL was used as the primary antibody.

The procedure for immunclogical staining of the sections
was performed as according to the protocol supplied with
the HistoMaouge-SP Kit. All secrions were fixed in ice-cold
acetone for 10 min. The elimination of all endogenous
peroxidase activity (i.e., bloody tissues) was done with
Peroxi-Block for 45 s and washed immediately with distilled
water. Subsequently, secrions were blocked according to
the manufacrurer’s instructions. They were then rinsed with
PBES for 2 min, three times. The anti-relaxin monoclonal
antibody was added to each section and allowed to incubate
for 60 min. Next, the biotinylated secondary antibody was
added to each section, incubared for 10 min, and rinsed with
PBS for 2 min, three times. Enzyme conjugate was added
ta each section, incubated for 10 min, and rinsed with PBS
for 2 min, three times, Substrate —chromogen mixture
(DAB) was added ro each section, incubared for 5 min, and
rinsed well with distilled water. Each section was then
counterstained with hematoxylene for abour a minute and
put in PBS for 30 s and then rinsed with distilled warer.
Sections were dehydrated, cleared with xylene, and
mounted with coverslips to preserve the stained sections.
A negative control experiment was obtained following the
same protocal using a mouse isotype [¢G ag the primary
antibody.
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Organ culture

Eighteen Swiss retired-bresder mice were sacrificed. The
heads were removed from the bodies and dipped in 70%
ethanol (ETOH) for 10 s to eliminate extra- and intra-oral
microflora. The calvariae and mandibles were dissected
out and stripped of skin and muscular tissue, The gingiva
remained intact on the mandibles. Samples were placed in
complete medium (a-MEM, 15% FCS medium). Relaxin
hormone was added to the medium at final concentrations
of 250 and 500 ng/ml. Samples from each mouse {calvaria
and mandikle) were divided into control and experimental
groups, as listed in Table 1.

One male mouse was discarded due to suspicious
tumerous growths on its body. Tissue samples were incu-
bated for 24 h. Eatlier studies have shown that the effects
of relaxin are evident within the first 24 h (6—8). This was
confirmed and reiterated by conversations with Dir. O,
Sherwood. After 24 h of incubation, the samples were
checked  for comtamination and  then prepared  for

investigation.

Histology

Samples were fixed in 10% neutral formalin and decal-
cified with EDTA for 5 weeks and then dehydrared by
increasing concentrations of ethaneol (30, 50, 70, 80, 90,
a0, 100, 100%) for 30 min each. The samples were then
embedded in JB-4 Solution A (acrylic monomer n-bu-
toxyethanol, Electron Microscopy Science, Fort Washing-
ton, PA). Calvarial sections consisted of the sagirral
suture, while sections of the mandible were taken from
distal of the incisor to distal of the molar. Glass knife-cut
7-mm thick sections were stained with epoxy tissue stain-

Table 1. Control and experimental groups

Femalz hlgke
Fistaxin (ngfml) 0 260 510 0 250 5C0
Mambaer of mice for:
Histology 1 1 1 1 1 1
Protease assay 2 a 2 2 2 2
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ing (toluidine blue and basic fuschin, EMS) and processed
for histological analysis.

Protein extraction from relaxin-treated mandible and calvarial samples

For proteinase assays, the mandibular and calvarial sam-
ples cultured for 24 h were harvested, frozen in liquid
nitrogen, and pulverized using a mortar and pestle. Next,
they were homogenized using a Polytron for 1 min in 2 ml
of PBS, while chilling the samples on ice. Special attention
was given to preventing the samples from overheating
during the homogenization. The samples were centrifuged
at 10000 rpm for 10 min. The supernatant was collecred
and stored ar — 70°C unril it was used. Protein concentra-
tion of each sample was performed wusing the Bio-Rad
Protein Assay Kit.

Measurement of protease activities: fluorescence polarization analysis

The metalloproteinase activity was measured using Enz-
Chek™ Protease Assay Kit from Molecular Probes Ine.
(Eugene, O'R). This is a direct fluorescence-based assay for
detecting proteases. Fluorescence was measured with a
PTI Alphascan fluorometer set at excitation/emission
maxima of 5%5/615 nm.

Results

Immunohistochemical analyses of calvaral sutures to determine the
presence of endogenous relaxin

First, the presence of relaxin in the cranial sutures was
determined. The samples from the three mice (two preg-
nant females, one male) positively revealed the presence of
relaxin in the sagittal sutures of all three samples. Staining
was evident within the suture itself as well as along the
periosteum, as seen in Fig. 1B. Negative controls using a
mouse 1g0 isotyps as the primary antibody were pro-
cessed in the same way. They showed a lack of staining
({Fig. 1A). There was no difference in staining between the
genders. Immunchistological staining was not performed
on the mandible samples as the tissue proved to ke too
hard for sectioming. Attempts to decaleify the tissue
would have destroved antigenicity for the relaxin anti-
bady; thus, they were not included in this part of the
analysis,



Periosteum

Fig. 1. Immunchistochemical staining of female cranial suture (200 X ).
The lack of stzining in the negative control (A) indicates the irnmunchis-
tochemistry assay is reliable. The high-power view reveals the presence
of relaxin hormene in craniel suture by the positive brown staining of
relacan antibody (B).

Histological inati
with relaxin

of peri and calvanial sutwes treated

Histological staining of the periodontium was performed
to allow qualitative comparison of relaxin-treated varsus
non-treated samples. In the mandible, control samples
displeyed a normal arrangement of collagen fibers in the
PDL space. Fibars can be seen to run in a certain perpen-
dicular direction from tooth to bone surface, with distinct
insartion via tha Sharpay’s fibars. Tha fibars appaar to ba
highly organized. This was evident in both female and
male sarnples, as seen in Fig. ZA.

The PDL of the samples treated with relaxin demon-
strated an irregular organization znd loose arrangement
from tooth to bone surface. Fibers lacked directionality

and appearsd short and curled. Furthermors, there
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sesemad to be similar dissolution of the Sharpey’s fibers
insertion both for femalss and males, as seen in Fig. ZB.

In the sagittal suturss, it was difficult to distinctly see a
differance betwesen experimesntal and control samples as
the normal anstomical arrangsmesnt of collagen fibers
within this suturs is rather tortucus to begin with. This
meandering of fibers follows the shape of the path made
by the bony interdigitations of the suture. Thus, a change
in dirsctionality of fibers is not cearly evident. What is
slightly evident is a dissolution of the fibrils from having
a dense, packed arrangement to being short, curled, looss,
and irregular. Male calvaria samples were lost during the
sectioning process and thus could not be reported along

with the farnals rasults.

Fig. Z Fernale mandible control and experimental samples (200 x ). (A)
Control: note the perrendicular orientation of the PDL. Fibrils appear
dense and tightly packed in nature with insertions of Sharpey’s fiters. (B)
Experimental sample treated with 500 ngfml of relaxin: note the random
nature and iregularity of the PDL with dissclution of Sharpey’s fiber
insertons.

195
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Fig. 2. Absorbance values of the malk calvaria protease assay. Note the
overall increase in absorbance values in the samples (0-500 ngfml of
relaxin), indicaing an increase in protease activity due to relaxin treat-
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Fig. 4. Absorbance values of the female calvaria pretease assay. Nete the
overall increase in absorbance values in the samples (0-500 ngfml of
relaxin), indicating an increase in protease activity due to relaxin treat-
ment.
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Fig. 5. Absorbance vaues of the mak mandible pretease assay. Nete the
overall increase in absorbance values in the samples (0-500 ngfml of
relaxinj, indicaing an increase in protease activity due to relaxin treat-

ment.
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The effect of rdaxin on protease aclivities

Earlier studies have shown that relaxin upregulates matal-
loproteinase gene expression in skin fibroblasts (14).
Thus, it is quite plausible that the altered histological
appearance shown abowve in tha relaxin-treated samples
may be, in part, due to the bresakdown of the matrix
scaffolding by the increased protease activities. To test
this hypothesis, the levels of protease activities were mea-
sured in both mandibular and calvarial bons samples that
had been treatad with 250 or 500 mg/m! of relaxin for 24
h in organ cultures (Table 1).

We initially determined how much of the sample
should be subjectad to =ach assay. To do that, varying
amounts (0, 1.2, &, 12, 24, and 48 mg, based on the
protein content) of an untreated fzmale mandibular bone
hormogenate were assayad for protsass activitizs using the
fluoresceina-conjugated casein substrate. The result re-
vealed a lincar relationship between the protease activity
and the sample amount up to 6 mg (data not shown).
Based on this rasult, we dacided to use aliquots of sample
homogenates containing 6 mg of protein in subsequent
assays to svaluate the effect of relaxin on protease activi-
ties. In this experiment, we also determined the contribu-
tion of metalloprotainase activities to total protease
activities by pretreating samples with EDTA. EDTA
chelates matallic ions, effectively inhibiting metallo-
proteinase activitias. Tha EDTA pratreatment raducad
protease activities by almost 20% (data not shown), sug-
gesting that about 20% of total protease activity accounts
for the matalloprotainase activity.

The stimulatory effect of relaxin on protesass activities
is clearly demonstrated in calvarial bone samples from
both male and female mice (Figs. 3 and 4). A similar effact
is also shown in mandibular bone samples also, but it is
much less prominent (Figs. 5 and &). There were no
significant differances in the response to relaxin betwean
male and fernale samples. One male calvarial bone sample
traatad with 250 ng/ml of relaxin was not procassad dus

to a suspicious lesion on its body prior to sacrifice

Diiscussion

The purpose of this study was to sxplore the possibilities
of how the hormons known as relaxin might modulate the
remodeling of the connactive tissue within the craniofacial

suturas and tha pariodontium. Tha objactivas includad
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showing the prassnce and affects of the hormons within
tha target tissuss. The pressnce was positively shown
using immunchistochemical staining with an antibody to
rzlaxin, whilz the effects wers positively sezn via histolog-
ical and enryme flucrescence analysis.

[t is reported that relaxin is produced in highest levels
by female reproductive organs during pragnency, espe-
cially during the third trimesster, clossst to term. The
structurss responsible for circulating relaxin in the periph-
eral blood stream are the corpus luteum, decidua, and
placenta. In non-pragnant femalss, relaxin is mainly pro-
ducad by the corpus luteum, 9—10 days aftar the surge of
luteinizing hormone. Cther sources of ralaxin include
andomatrial glands, theeal cells of owvarian follicles, and
marnmary gland cells. There have also bzen reports of
relaxin originating from cardiac atria sources (). Belaxin
has also besn found to be produced in the mals, the
primary source baing the prostate gland, though it has not
been possible to demonstrate its rzlaass into the pariph-
aral blood (5, 9). Additionally, relaxin gens axpression has
been found in a rangs of rat tissuss using rsverse tran-
scriptass-polymearase chain reaction and immunchisto-
chernistry. Thasa rat tissuse include the brain, utzrus,
prostate gland, pancreas, and kidneys. Thasa findings sup-
port the notion of propossd paracrine actions of re=laxin,
which may ba important in non-pragnant femalz and male
rats, in addition to pragnant females (100

W ith thesa reports borne in mind, this study sought to
demonstrate the pressnce of the hormons within the
sagittal suture of the cranium. The immunochistochemical

analvsas showed the occurrence of relaxin in the cranial
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sagittal suture. The specificity was ascertained by the lack
of staining in the nsgative control samplss. The prsssncs
of relaxin within the sagittal suturs of the mouss cranium
is a praviously unreported finding. This result corrobo-
ratzs the notion that relaxin may have paracrine activity,
since its gens exprassion has bsen reported to originats
from thz brain in the rat. Paracrine hormons activity
occurs when hormones molzscules secreted by endocrine
cells of the brain can act on target cells within the sames
locale, the sagittal suture, by a simple diffusion through
the intsretitial fluid. Ths mandible was not used for
immunohistochernistry bacause the hardness of the tissus
{(bone and tooth) would have been impossibls to section.
Furthermore, atternpts to dacalcify the tissus would have
dastroyad the antigenicity of the tissus

The histological evidence in this study sxhibits positive
effects of relaxin on the connectivs tissue within the PDL
and cranial sutures. The connectivs tissue fibrils that were
once defined and sxhibiting a certain dirsctionality be-
carmsa amDrphDuS and random in naturea

Thase histological findings parallzel othear investigations
in comparable tissuss. Sherwood (&) refers to histological
findings reported =arlier on the pubic symphyses of guinza
pigs. They showed that untrzated samnples displavad colla-
gen fibrils that were denss and organized, while treated
samples had collagen fibers that wers disrupted, random,
and =xhibited svidence of collagen digestion. Further-
more, they reported these findings to be svident within
6—8 h following the administration of relaxin. Similar
rasults on collagen organization of the pregnant rat cervix
wars describad by Chaah =t al. (11). Balaxin-treated sam-
ples had collagen fibrils that were disorganized and dis-
parszd. The cervices becamsz soft and mors extznsible.

In two rodent models of induced fibrosis, relaxin was
shown to inhibit collagen accurmulation in a dosa-depen-
dent manner, as measurad by hydroxyproline content.
Histologically, control samples displayed dansely packsd,
parallzl collagen fibrils, whereas trzated samples exhibited
fibrils that were not parallel, loosely packsd, and lass
abundant (13). This study is also important becanse it
shows that the affects of ralaxin may not be and, parhaps,
should not be restricted to the reproductive systzm. Ap-
plications of its effects could lis in other arsas of medicine
and sven orthodontics.

The sffects of relaxin on snzymatic activitias have bzen
investigated. Unemori st al. (13) reported a doss-depen-
dent enhancement of matrix metallopraotainase-1 (procol-
lagenase) sxprassion in lung fibroblasts treated with

Clin Othod Res 3, 2000192201 | 197




MHicozisis ot al. Belaxin on sutural tissues

relaxin in witro. The same authors in 1989 reported a
stimulation of metalloproteinase-1 (procollagenase) ex-
pression in dermal fibroblasts in addition to a decrease in
collagen synthesis and secretion following treatment with
relaxin. In 1996, Qin et al. (15} deseribed a dose-depen-
dant increase in the expression of the metalloproteinase-1
gene, its secreted protein, and its enzyme activity. Similar
findings have been reported by Mushayandebva and Ra-
jabi (14)

In the present study, we sought to determine if there
were changes in protease activity and not changes in the
amount of proteases as a result of relaxin treatment. The
addition of EDTA revealed a decrease in absorbance,
indicating that metalloproteinase accounts for a parr of
protease activitiss in calvarial and alveolar bones. The
difference was roughly 20%, which is consistent with the
portion of metalloproteinases among all proteinases in
other tissues. This finding corroborates the previous re-
ports. What is uncertain is exactly whar type of differ-
ences between the treated and control samples should be
expected in the tissues examined., With ditferences rang-
ing from roughly 3 to 9%, is this enough to elicit a
gignificant physiological response, or should a greater
differenice be expected? Histologically, there is clearly a
difference. Can one assume, then, that this differing range
of enzyme activity is adequate for altering the connective
tissue? Answers to these questions require clinical
investigations.

Because this is a novel and exploratory study, certain
questions remain unanswered. For example, we measured
the response of non-specific protease activiry. These find-
ings could be strengthened by the use of specific in-
hibitors to identity which specific enzymes are responsible
for the degradation of the connective tissue within the
craniofacial complex and periodontium. The mouse
model proved to be adequare for the needs of this study.
If mechanical manipulation of the sutures or periodontal
ligament is an objective, a larger animal may prove to be
more useful as the oral cavity of the mouse is rather small
for such manipulation. Perhaps better demonstrative
stains could be employed to show the effects of relaxin on
the connective tissne of the craniofacial complex and
periodontium.

Mechanical perturbation was not included in the exper-
imental protocel as it was not within the scope of the
study. Future studies might employ appliances to widen
the cranial or maxillary sutures {16) and explore relaxin's

ability to enhance surural separation and stability in non-
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growing samples. Furthermore, relaxin's effect on the rate
of tooth movement may be investigated along with the
tendency for relapse ence the tooth is moved or rotated.
Gingival tissue invagination during the closure of extrac-
tion sites in the presence of this hormone is alzo worth
investigating. Scar tissue formation following frenec-
tomies, which may prevent space closure or cause space to
open between teeth, may be reduced with relaxin applica-
tion. There might be a possible application for relaxin in
the subluxation of partially ankylosed teeth to prevent
them from becoming ankylosed again. Perhaps the effects
of relaxin might aid in reducing the stretching tension of
the soft tissue envelope following orthognathic surgery.
This may be especially noteworthy for the relapse associ-
ated with stretching the palatal mucosa in surgically as-
sisted expansion. This stands to reason as previous studies
have found that relaxin increases the exrensibility of the
cervix in the rat during pregnancy while increasing the
solubility of collagen (12, 17). Both tissues contain colla-
gen types [ and 111 (16).

Actual application of relaxin in the clinical setting might
oceur in a few different ways. Delivery systems might
include a transdermal patch impregnated with relaxin that
could be placed over the palatal surure or in the vestibule
by the zygomatic buttress during expansion. It could be
placed aver gingival tissue during space closure. Delivery
into the PDL could be wvia injections or the Stabi-Dent
delivery system, which is promoted as being less painful.

While it is interesting to think about relaxin's ability to
decrease the tension within the connective tissue associ-
ated wirh tooth movement and surural expansion, it is
even more intriguing to think of the notion of an adjunct
to increase the tension associated with tooth movement.
This might enable the clinician to selectively enhance
tooth anchorage or prevent dental tipping associated with
maxillary expansion.

Before utilizing relaxin as an adjunct to orthodontic
therapy, the side effects on other physiclogical systems
within the body must be fully understood. Relaxin has
been reported to have an inhibitory effect on smooth
muscle contraction, especially myometrial contractility
(06). It is said to do this by decreasing mvosin light-chain
kinase phosphorylation. This smooth muscle relaxation is
why relaxin is also believed to have vasodilatory effects in
several organs and tissues, It has been shown to increase
coronary blood flow more powerfully than acetylcholine.
This relaxin-enhanced increase in coronary blood flow

was paralleled wirh an increase in the production of nitric




oxide, which is also a powerful vasodilatory agent (G).
There are studies investigating the association of nitric
oxide wirth tooth movement, and perhaps relaxin might
enhance the outcome (18, 19). Relaxin has been shown
to inhibit granule exocytosis and histamine release by
mast cells and to inhibit plareler activation (6). This im-
plies that relaxin may counteract anrigen-induced
asthma. I[ndeed, histological studies have shown a de-
crease in bronchoconstriction, mast cell degranulation,
and an accumulation of inflammatory leukocytes. This
may be the explanation as to why some clinical reports
discuss an improvement of asthma during pregnancy (%),
It is tempting to speculate that this particular aspect of
the hormone might even affect orthodontic treatment-in-
duced root resorption.

Could there be a utility for relaxin in dentofacial or-
thopedics! Based upon the available literature, it is pos
gible. According to Meikle et al. (2), the fibroblasts in
naturally growing sutures synthesize tvpe [ collagen,
whereas under mechanical stress, 20% of the new colla-
gen synthesized was that of type III. Type III collagen
was also found to be synthesized in greater amounts
than type [ following orthopedic expansion. It was
noted that type Il was not just localized in the surure,
but also found in Sharpev's fibers (21). Additionally,
Nakagawa et al. (22) have reported that cells expressing
a positive signal for type [ collagen are evenly dis-
tributed along the PDL. Following experimental tooth
movement, there is a greater density of cells expressing
type | collagen along the tension side than the pressure
gide. This distriburion was seen as early as 12 h follow-
ing tooth movement.

[n a recent report, Redlich et al. (3) summarized the
available data on the effect of orthodontic force on col-
lagen, elastin, and collagenase in the gingiva, and its
potential association with tooth relapse. Briefly, as the
gingiva iz strerched or compressed, it responds to the
by producing
elastin while inhibiting collagenase production. These

orthodontic force more  collagen and
fibroblastic responses are the opposite to those seen in
tissues treated with relaxin.

The biological effects of relaxin on the same collagen
types have been investigated in other parts of the body.
When administered to estrogen-primed rats, there was a
decrease in total collagen content (68 + 6%), without al-
tering the collagen ratios of types | and II, in the inter-
pubic fibrocartilage. Unemori et al. (13} reported that

hung fibroblasts treated with relaxin displayed a decrease
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in expression of types I and Il procollagen, while an
increase in procollagenase was seen in the same cells.
Furthermore, relaxin has been reported to promote an
increase in the expression of the metalloproteinase gene,
its secreted protein, and enzyme activity {15}

There appears to be a potential application for relaxin
as an adjunct to orthodontic therapy. Relaxin affects the
collagen tvpes synthesized within the craniofacial sutures
and periodontium. [t will be necessary, however, to
study specific collagen types and collagenases to get a
full picture of the effects of relaxin, It would also be
bheneficial to examine relaxin's effects on the network of
elastin fibers thar make up a small, yer important, por-
tdon of the gingival proteins.

The possible clinical applications of relaxin could be
in: 1) surural adapration following expansion in growing
and non-growing patients; 2} enhancement of tooth
movement and stability through reorganization of the
PDL fibers; 3) decreased scar tissue formation following
frenectomies; 4) enhanced movement of partally anky-
losed teeth following luxation; 5) reduction in the
soft tissue envelope pull following orthognathic surgery;
and 6} enhanced gingival remodeling following space clo-
Sure.

Abstrakt

Drie hier vorgestellte Pilotstudie untersuche die Wirkung des Hormons
Belain auf dag Bindegewsbe der krendofazialen Suturen und der paro-
demtalen Cewebe, Bealanin ist ein Hormon, das vorn schwanpgeren
Frauen produziert wird und zu eimer Relaxation der Symphyse des
Schambeing fithre, so dass der Geburtskanal wihrend der Entbindung
gewedtet wird., Aulerdern wurde nachgewiesen, dass Relaxin einen Ef-
fekt auf andere Korperregionen hat, zum Beispiel auf Ligamente und
Berziche, diz Kollagen und fibroblastische Aktivitde aufweisen. 21
schwelzer Miuse, die kaing Jungen mehr aufzogsn, warden uncsrsuche,
um I. immunhistechemisch Relaxin i den Sufuren mechzuwelsen, 2.
die Effekte von Felaxin aof die Intepritac suturenshnlicher Gewsbe 2
studieren und 3. die Wirkung von Belaxin aaf dis Protesssalktivitat zu
bestitnmen, Plr 24 Stunden wurden in den Untersuchunpsgruppsan
vollatindige Gewebhekulturen in Relaxin-Konzentrationen von 250 ngf
ml eder 300 ng/ml inkubiert. Die Ergebnisse zeigen, dass Relaxin in
kranialen Suturen vorhanden ist. Histologische Untersuchungen
zefgten deutliche Verinderunpen in der Orientierung der Kollagenfi-
brillen parodontalen Cewsbes: aus einem dichten, streng omganisiertan
Arrangement der Kollagenfibrillen mit einer senkrechten Ausrichtung
zwischen Zahn und Knochen wurde durch Belaxin eine lockere, unor-
ganisteree und onentierungslose Faserausricheung. Ferner fithree Re-
laxin zu einer Erhéhung der Proteassaktiviest, Das natirlich
vorkommende Belaxin kdnnte nutzbringend in der orthodentischen
Therapie etngesetzt werden, das es die physikelischen Figenschaften
von Bindegwehbe in Suturen, Cingivagewehe und parsdontalem Liga-
ment zu indern vermag, Ene denkbare Indikation kann eine Beschlen-
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nigung der suturalen und der Weichteilanpassung an Gaumennahter-
weiterungen bei nicht wachsenden Patienten sein, indem die Spannung
der chirurgisch gedehnten Weichteile {insbesondere der Gaumen-
schleimhbaut) reduziert wird. Weiterhin kann Relaxin den Umbau des
parodontalen Ligaments nach Zahnbewegungen beschleunigen und
somut die Stabilitit fordeen, es kann zu einem schnelleren Umbau der
Gingiva im Bereich von Extraktionsliicken wihrend des Licken-
schlusses flihren und die Bildung von Narbengewebe bei Frenektomien
reduzieren.

Abstracto

Este es un reporte de un estudio exploratorio de como la hormona
relaxin puede modular la remodelacion de los tejidos conectivos entre
las suturas craniofaciales v los tejidos periodontales. Se descubrit que
la relaxin es ung hormong producida por la mujer embarazada, Esta es
responsable por el relajamiento de la simfisis pubica; el canal de parto
se ensancha para el alumbramiento. En adicion, se ha demostrado que
la relaxin tiene efectos en otras dreas del cuerpo incluyendo ligamen-
tos v regiones que contienen coligeno v actividad fibroblistica. Veinte
ratones del tipo ‘Swiss retired-breeder’ fueron utilizados para: 1) de-
mostrar inmunchistoguimicamente la presencia de relaxin entre las
suturas, 2) sus efectos en la integridad de los tejidos con apariencia de
sututs ¥ 3) evaluar sus efectos en la actividad de “proteasa’. Se utilizd
relaxin en concentraciones de 250 ng/ml y 500 ng/ml en las muestras
tratadas v se incubaron en cultivos de tejidos completos por veinticua-
tro horas. Los resultados indican la presencia de relaxin en la sutura
craneal. Observaciones histoldgicas revelaron cambios definitivos en el
arreglo fibril del coligeno en el LPD: desde un denso v sumamente
organizado con una direccidn perpendicular entre diente v hueso, &
uno organizado al azar v suelto, con una falta de direccion entre el
diente v el hueso. Un incremento en la actividad de la ‘proteasa’ fue
evidente en lag muestras tratadas con relaxin, Esta hormona producida
naturalmente puede ser utilizada como un tratamiento complementario
a la terapia ortoddntica ya que esta aparenta tener la capacidad de
alterar las propiedades fisicas de los tejidos conectivos en las suturas,
tejido gingival, v en el PDL. Indicaciones potenciales de uso incluyen
instancias de adaptacidon del tejido blando v sutural de expansion
artodintica en pacientes sin crecimisnto por una reduecion en la ten-
siom de la envoleura del tejido blando estirado luego de cirugla or-
togritica (particularmente en la muecosa expandida palatalmente),
remodelacion del ligamento periodontal durante o luego de
movimiento dental promoviendo estabilidad, remodelacion ripida del
tejido gingival durante el cierre de espacio en los lugares de extrac-
cién, v por una disminucion en la cantidad de la formacion de tejido
cicatrizado luego de las frenoctomias.
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Structured Abstract

Authors — Micazisis JL, Mah HD, Tuncay OC.

Oljectives — To demeonstrate the presence and effects of relaxin in
the satural tissues snd to show the relaxin effects on the
pIoteinase activity.

Design — The mouse organ culture model was employed.

Setting and Samgles — The pressnce of relaxin in the cranidal sutures
was demonstrated immunchistechemically, Histological chesrvation
of the periodontal lipament was accomplished by hematasrylene
staining. The non-specific pratesse activity was measured with
fluorescence polarization analysis.

Eoperimental Vanazble - Mouse cultures were treated with 250 and
500 ngiml of relaxin.

Crubcome Measwre — Microscepy for chenges in fibril crientation
and morphology. Enzyme activities were measured by flucrescence
polarization asszys.

Results — Belaxin was present in the calvarial sutures. It abolished
the argarization of PDL fibers and increased the protesse activicy.
Conclastan — The hormane has the potential to be used as an
adjunct to orthodontic or surgical therapy to promote manipala-
tien of sutural tissues or affecting stakility,
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