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Abstract

The Effects of Synthetic Peptide

on Bone Regeneration in Rat Calvarial Defects

Significant interest has emerged in the designetif scaffolds that incorporate
peptide sequences that correspond to known signdimains in ECM and BMP
proteins.

The purpose of this study was to evaluate the Wvegenerative effects of the
synthetic peptide in a critical-size rat calvariifect model. An eight millimeter
diameter standardized, circular, transosseus defeetited on the cranium of forty
rats were implanted with synthetic peptide, coltagend both synthetic peptide and
collagen. The control group did not use any mdtefiae healing of each group was
evaluated histologically and histomorphometricadifter 2- and 8-week healing
intervals.

Surgical implantation of the synthetic peptide aotlagen resulted in enhanced
local bone formation at both 2 and 8 weeks compéwetihe control group. When
compared among the experimental groups, they shawsiilar pattern of bone
formation. Defect closure and new bone area wemifgiantly different in synthetic

peptide and collagen group at 8 weeks.



In conclusion, concerning the advantages of bioni@se the synthetic peptide

can be an effective biomaterial for damaged pentalagegeneration.

Key Words: synthetic peptide, collagen, bone regeneration
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Jung-Yoo Choi, D.D.S.
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l. Introduction

There are various purposes for periodontal treatnaerl there are various
approaches to such treatment. Among the variousoges, the ultimate purpose of
periodontal treatment is to regenerate the peri@dotissue loss caused by
periodontal disease. Periodontal regeneration mela@shealing pattern of new
attachment, new bone formation, new cementum andoeeiodontal ligament. Many
approaches are available to regenerate periodtssale such as root conditioning
which enhances cell adhesive capacity, bone gnaétd for bony defect regeneration,
and guided bone regeneration using specific cajration and Bone Morphorgenetic
Protein (BMP) and other various growth factors #te methods used as well.
Among the various methods used, the autogenous @p@fehas shown successful

results clinically in periodontal regeneration fdecades. However, it requires



additional surgery site, ankylosis may be induced #&here are limitations in
extracting a large amount of bone. In consequdmtet has been an interest in
developing a new type of bone graft material duihése limitations.

In regard to this, there have been many studidsor regenerative materials, such
as rhBMP-2, 4, BMP-2, 4, 5, 6, 7 (Sampath, Maliakadl. 1992; Gitelman, Kobrin et
al. 1994) and RGD. These proteins are known tafprate, adhere, and differentiate
osteoblasts which are mainly involved in bone fdiora BMPs (Bone
Morphogenetic Proteins) are complex growth facforransforming growth factor-B
(TGF-R) superfamily which induces bone and cartileggeneration. Urist designated
BMPs for the fact that there might be a specifiot@in which takes part in bone
formation when implanting a decalcified bone spetinin the dermis of a mouse
which caused heteromorphic bone around the boremsee (Urist 2002). Among the
BMPs, rh-BMP-2, 7, which have been synthesized fitven DNA technique are
known to have the best osteoconduction. In on@ektudies, a composite of gelatin
and rhBMP-2 released rhBMP-2 in the proper way &l as demonstrating the
largest amount of bone formation (S.J. Hong e2806).

Recently, there have been studies on protein tumtiech domain which can
transmit protein that are difficult to penetratetracellularly effectively. The
phenomenon of the penetration of peptide have shberpossibility of therapeutic

effect of fast half-life for its fast penetrationtiacelluarly. Peptides are consisted of



specific amino acid sequence that can penetratedhiemembrane spontaneously
(Frankel and Pabo 1988; Schwarze and Dowdy 2000y&wze, hruska et al. 2000).
Peptides are short polymers formed from linkingaidefined order-amino acids.
The link between one amino acid residue and thé iseknown as amide bond or
peptide bond. Proteins are polypeptide moleculesdosist of multiple polypeptide
subunits). The distinction is that peptides arertsand polypeptides or proteins are
long.

In regard to this, the synthetic peptide has beereldped with the interest of
developing an osteoconductive biomaterial. Sigaificinterest has emerged in the
design of cell scaffolds that incorporate peptidgugnces that correspond to known
signaling domains in ECM proteins (Benoit et alQ02). Peptides offer the
advantages of increased stability, the ability noorporate them at much higher
concentrations than full proteins, and relativehaightforward and simple syntheses
of short sequences (Benoit et al., 2005). The s¥ittipeptide was based on the Bone
morphogenetic protein-2(BMP-2) which promotes thirfation and regeneration of
bone and cartilage, and also participates in orgamesis, cell differentiation, cell
proliferation, and apoptosis.

The synthetic peptide was developed for its variadgantages when compared
with BMP-2. It is more economical in that the rawatarial is cheaper than BMP-2. It

is very stable in terms of temperature storagetithep are known to denaturize in



room temperature. However, the sequence is shahnkirsynthetic peptide. It can be
stored in a freeze-dried condition for over 2 yedirscan also be stored in room
temperature in a dry environment, whereas BMP-2 t®ld chain that can only be
stored for a short time, for example, 6 months fC4

On this basis, the purpose of this study was tduata the effects of bone

regeneration of the synthetic peptide in surgicatbated rat calvarial defects.



[l. Materials and Method

A. Materials

1. Animals

Forty male Sprague-Dawley rats (body weight 200g30@ere used in this study.
Animal selection and management, surgical protoaod preparation followed the
routines approved by the Institutional Animal Caned Use Committee, Yonsei

Medical Center, Seoul, Korea.

Table 1. Afigure of animals

2 weeks 8 weeks
Control 5 5
Collagen 5 5
Synthetic peptide(no carrier) 5 5
Synthetic peptide and Collagen 5 5
Total (n=40) 20 20

B. Experimental Procedures

1. Experimental group design

The animals were divided into four groups of 10naads each and allowed to heal



for 2 weeks (5 rats) or 8 weeks (5 rats). Each ahiraceived one of the four
experimental treatments: a sham-surgery contralhiith no material was applied to
the defect, collagen carrier control, synthetic tiglgp only, synthetic peptide and

collagen.

2. Designing of the synthetic peptide

The significant sequence was analyzed among thdewdimino acid sequence
among the protein such as growth factors and esltrdar matrix (ECM) which is
involved in bone formation, the early attachmemgliferation, and differentiation of
the osteocyte. In case of the Bone MorphogenetitePr-2 (BMP-2), bone forming
cell, osteoblast, has a specific binding site anteims of ECM, considering that the
sequence is involved in cell attachment, the syittheeptide was recombined based
on the sequence, which the osteoblasts recogrezsetiuence of synthetic peptide as
protein and was recombined to induce attachmentifgnation, and differentiation.
N- and C- terminals were stabilized througmidation, and acetylatiodAmong the
whole amino acid sequence of Bone MorphogenetiteRr@ (BMP-2), fibronectine
and vitronectine, the amino acid sequence whiclyspthe core role involved in
proliferation and differentiation of osteoblastsswselected and analyzed. A part of
these sequences was modified by peptide synthesimbithe synthetic peptide was
formed. The final product after synthesis was pedifto a level over 95% using

HPLC and the mass was analyzed through NMR. Théhegis and purification of



synthetic peptide was consulted to Peptron. Co. StdIMAZU instrument was to
determine the flow rate which was 1.0ml/min and tletection was performed at
220nm and it was purified at 98.6%. The concermnatif the synthetic peptide was

loaded with 10ul (mass: 2288).

3. Surgical protocol

The animals were anaesthetized by an intramusajiection (5 mg/kg body
wt.) with Zoletil® *and Rompufi”. An incision was made in the sagittal plane across
the cranium and a full thickness flap was reflecexposing the calvarial bone. A
standardized, circular, transosseous defect, 8 mmiameter was created on the

cranium with the use of a saline cooled trephirik*dAfter removal of the trephined

calvarial disk, Collatage’ (Imm x 1mm) and synthetic peptide were appliechi t

defects. The animals were divided into four groofp0 animals each and allowed to
heal for 2 (5 rats) and 8 (5 rats) weeks. Each ahireceived one of three
experimental conditions: synthetic peptide onlyaen only, synthetic peptide and

collagen. The periosteum and skin were then clasedsutured with 4-0 Monosyn

§ Zoletil®, Virbac, Carros, France

* Rompur?, Bayer HealthCare, USA

#3i, FL, USA

*Collatap@, Integra LifeSciences Corporation, NJ, USA
™ Monosyn 4/0, Braun Aesculap AG&CO.KG, Tuttlingen



4. Evaluation methods
1) Clinical findings
Wound healing was generally observed uneventful.
2) Histologic procedures
The animals were sacrificed by €@sphyxiation at 2 and 8 weeks postsurgery.
Block sections including the experimental siteseme@moved. Samples were fixed in
10% neutral buffered formalin solution for 10 dagamples were decalcified 5%
formic acid for 14 days, and embedded in paraffierial sections, 5um thick, were
prepared at intervals of 80um, stained with HemdiosEosin(H-E) and examined
using a light microscope. The most central sectfom® each block were selected to
compare histologic findings among the groups.
3) Histomorphometric analysis

Computer-assisted histometric measurements weegnelt using an automated
image analysis systéfincoupled with a video camera on a light micros¢bpe
Sections were examined at 20x magnification. Atidigi was used to trace the defect
outline versus new bone formation, and a perceraffene fill was determined. The

following histomorphometric parameters were meastn@m each sample(Fig. 1).;

" Image-Pro PIU§ Media Cybernetics, Silver Spring, M.D.
* Olympus BX50, Olympus Optical co., Tokyo, Japan



Defect closure (%): the distance (at each side of the defect) betvie
defect margin and the in-growing bone margin iniméters x 100

New bone area (mm) : all tissues within the boundaries of newly forme
bone, i.e., mineralized bone and fatty marrow aibdo¥ascular tissue /
marrow and residual biomaterial.

Bone density (%) : the newly formed bone within the new bone area i

millimeters x 100

original bone

Defect closure (%) = (a — b) / a x 10(
new bone =n

) ) New bone area = n+m+ M
biomaterials = m

L 1
— fatty marrow = M

Bone density (%) =n/ (n+b+M) x 10(

Figure 1. Schematic drawings of calvarial osteotal®fect showing

histomorphometric analysis



5. Statistical Analysis

Histomorphometric recordings from the samples wesed to calculate means and
standard deviations (m+SD). To analyze the effédiodh time and condition and to
detect the interaction effect between time and itmmd the two-way analysis of
variance was used (P<0.05). ANOVA and Post-hock wese used to analyze the
difference among the groups at each time point (’FBJ0For the comparison between
2 and 8 weeks in a same group, statistical signifie was determined by paired t-test

(P<0.05).

_10_



[1l. Results

1. Clinical Observations

Wound healing was generally uneventful and appesiraifar for the experimental
groups. Material exposure or other complicationstle surgical sites were not

observed.

2. Histologic observations

1) Sham-surgery control group (Figures 2, 3)
i) 2 weeks (Figure 2)

At two weeks post-surgery, the defects were fillgith thin, loose connective
tissue. The control group showed minimal new barenétion origination from the
defect margins. Osteoblasts were observed surmgride new bone formation. Soft
tissue healing and new bone formation can be sdie tcarried out by looking at the

inflammatory cells.

i) 8 weeks (Figure 3)
At eight weeks post-surgery, there was a relativetnsistent density of

connective tissue around minimal new bone formatldowever, loose connective

_11_



tissue could still be observed. The bone forminigs cesteoblasts were observed at

the bottom of new bone formation.

2) Collagen Group (Figures 4, 5)

i) 2 weeks (Figure 4)

The defects were filled with loose or dense, filsroannective tissue and limited
new bone formation was observed at the defect maagi 2 weeks. Collatape

remained in the subepithelium and there was norpéen and it maintained the

external form and was surrounded by connectivadiss

i) 8 weeks (Figure 5)
The resorption of the Collatape progressed muchréltvas almost no infiltration

of inflammatory cells. There was an increase inebeolume and there was no

invagination of the peripheral tissue.

3) Synthetic Peptide-no carrier (Figures 6, 7)
i) 2 weeks (Figure 6)
There was almost no resorption and there was Bliglew bone formation, a

slight increase in volume as well. There was notmdefect closure yet at 2 weeks.

The margin was differentiated with the peripheisdue.

_12_



i) 8 weeks (Figure 7)

There was a great amount of resorption. The newe formation increased
compared to the 2 weeks’ group. There was resarptiowever the exterior was
roughly maintained. There was a greater closurepaned to the 2 weeks. Osteoblast-
like cells and very few giant multinucleated celsre able to be detected in the

periphery of the margin whereas the center showedsd no hew bone formation.

4) Synthetic peptide and collagen (Figures 8~11)

i) 2 weeks (Figure 8, 9)

There was not much bone regeneration or defestie. The resorption has not
yet progressed and the volume was maintained. Molbisst-like cells were detected.

The defect closure was less when compared to titbetyc peptide or collagen.

i) 8 weeks (Figure 10, 11)

At eight weeks post-surgery, new bone formation maslerate. There was loose
connective tissue formation around the defect arghthere was no infiltration of
inflammatory cells. Collagen was almost resorbdie @efect area was replaced by

the parallel pattern of connective tissue.

_13_



3. Histomorphometric analysis

The results of the histomorphometric analysis hevé in Tables 2-4. There was a
minimal new bone formation in the control group.f@& closure and new bone in
collagen and the synthetic peptide group was sagmifly different from that in the
control group (P<0.05).

In defect closure and new bone area at 8 weeks,ctifiagen group had a
significantly greater value than the synthetic mkptgroup (P<0.01). There were
statistically significant differences between tlesuits obtained at 2 and 8 weeks in
the collagen group (P<0.05). There was not a sagmif bone growth in the synthetic
peptide(no carrier), whereas there was an incrgagbe 2 and 8 weeks of the

synthetic peptide and collagen group.

_14_



Table 2. Defect closure (%) (group means = SD; &5F

2 weeks 8 weeks
Control 13.9+34 156+7.2
Collagen 226+9% 26.9 +10.4°
Synthetic peptide(no carrier) 40.7 +1'5 41.3+9.8
455+ 09 52.4 +1.4™

Synthetic peptide and Collagen

" Statistically significant difference comparedctntrol group (P<0.05)" (P<0.01)
" Statistically significant difference comparecctilagen group (P<0.05)"(P<0.01)
* Statistically significant difference comparedi®wly formed synthetic peptide group

(P<0.05) *(P<0.01)

Table 3.  New bone area(mm) (group means + SD; n=5)

2 weeks 8 weeks

Control 0.2+0.2 0.3+0.2
Collagen 29+18 1.9+3%
Synthetic peptide(no carrier) 3.1+05 3.0+0.4

Synthetic peptide and Collagen 3.8+0.7 4.3 +0.9"M

”: Statistically significant difference comparedctintrol group (P<0.05) ~ (P<0.01)
" Statistically significant difference comparedctilagen group (P<0.05)(P<0.01)
* Statistically significant difference comparediewly formed synthetic peptide group

(P<0.05) ¥(P<0.01)
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Table 4. Bone density (%) (group means * SD; n=5)

2 weeks 8 weeks

Control 89.6+ 12.3 92.6 +4.9

Collagen 12.8 + 3.0 86.3 +11.5%

Synthetic peptide(no carrier) 435+ 135 439+118"
Synthetic peptide and Collagen 46.6 +0.7" 84.4 +0.9*

" Statistically significant difference comparedctmtrol group (P<0.05) ~(P<0.01)

" Statistically significant difference comparedctilagen group (P<0.05)(P<0.01)

* Statistically significant difference compared ®aty formed synthetic peptide group
(P<0.05) ¥(P<0.01)

_16_



V. Discussion

The main object of the periodontal treatment besidgmptom relief is to
functionally regenerate the damaged periodontaud¢is There are many methods
introduced for regenerating damaged periodontauéissuch as autogenous bone
grafts and Guided Bone Regeneration (GBR). Duédolitnitations of autogenous
bone, many clinicians are now in search for newarginductive biomaterials.

The purpose of this study was to evaluate the begenerative effects of the
synthetic peptide in a critical-size rat calvariidfect model. An eight millimeter
diameter standardized, circular, transosseus defgetated on the cranium of rats
were implanted with synthetic peptide, collagend doth synthetic peptide and
collagen. The healing of each group was evaluatadtolbgically and
histomorphometrically after 2- and 8-week healimgivals.

The critical-size rat calvarial defect used in ttisdy was a very convenient model
for evaluating bone regenerative effects of biomiale This model is relatively
accessible, simple, and reproducible because spemia healing do not occur in the
control specimen (Frame, 1980). It has been shdfentere to evaluate the potential
for bone formation (Schmitz et al., 1986; Catorakt 1994; Kleinschmidt et al.,;
Selvig et al., 1994; Freeman et al., 1973). In taldi after bone augmentation, this

model has some compressive force, which is sintdaintraoral conditions. It has

_17_



many similarities to the maxillofacial region, asatomically the calvaria consists of
two cortical plates with a region of interveningncallous bone similar to the

mandible, and physiologically, the cortical bonetlia calvaria resembles an atrophic
mandible. Other advantages are that the observatianbe focused on the healing
process of the bone, since there are no major senvélood vessels around the rat
calvaria and that the parameters can be simply aaudirately measured in each
specimen.

The materials that were used were the synthetidigeemnd collagen. The
synthetic peptide has been developed with the dsterof developing an
osteoconductive biomaterial. Based on many studlfiexffective results of BMP-2,
the synthetic peptide consists of 21 amino acidisece, alteration of just one amino
acid sequence from the entire BMP-2 sequence. Trer2 epitopes in BMP receptor.
However the precise receptor-binding region in BRIRas not yet been clarified
(Saito et al., 2003).

The amount of the synthetic peptidas used 10ul loading (mass: 2288). This
was ten times that of the BMP-2 concentration. dimeunt was considered from the
cell test and 100 times that of the actual conegiotn is thought to be the best
concentration. The gel type was used to reducedhane and the ease of use.

In tissue engineering technique, the key cohiseihat an isolated cultured cell on

a scaffold is transplanted into the target tissureits regeneration (Masuko. et al.,

_18_



2005). The collagen was used as a scaffold ingtinidy. Collagen is known to have
some osteogenic effects. Collagen is well assatiatithin the tissue and has an
enhanced chemotactic effect on fibroblast to megtgiwards toward the membrane
during the initial healing stage. It reduces membraxposure and allows blot clot
formation by platelet aggregation, thereby actisgaasupporting body for initial
angiogenesis and tissue formation. However, catlagdess likely used for barrier
since its absorption rate is faster than its reggion time.

In the present study, collagen stabilized the gpktof the synthetic peptide
which has a disperse effect. When the synthetitigiepvas used with collagen, the
effect was enhanced and the results were signtfishen compared with the control
groups or when used with a single biomaterial.

In histometric analysis, the defect closure, newebarea, and bone density were
compared. The measurement was done by using a ¢temmegram named Image
Pro Plus program. The specimen was obtained fremntialdle coronal section. The
measurement of length of the new bone formaticim isompare the amount of cell
migration. The further the cells migrate, thera isigh possibility for bone union. As
the length growth of the cells increase, in conandethe thickness, more bone
formation could be predicted. Therefore, this camddsaid to be a good marker for
membrane’s bone regenerative capacity.

Irrespective of the types of bone graft materi@djsall defect sites exhibited bone

_19_



formation in a similar pattern and there was mare bone at 8 weeks. At 2 weeks,
parallel pattern within was observed and newly fednbone without any significant
adverse reaction was seen. Newly formed bone wgihooytes was evident mainly at
the periphery of the defects, and osteoblast-lidés @xhibiting a dense arrangement
adjacent to the newly formed bone suggest contirngte apposition at the initial
healing stage. However, less bone formative agtivds found at the central aspects
of the defects. Multinucleated giant cells were evied in the periphery of the
synthetic peptide material. There was no evidencdatty marrow or cartilage
formation.

At 8 weeks, the quantity of the new bone was grehem that observed at 2 weeks
and the specimens showed a more advanced stagenotieling and consolidation.
The newly formed bone consisted of woven bone amdellar bone, and showed
cement lines separated earlier from more recemibpsited bone and concentric rings
of the Haversian system. However, collagen remnant$ dense arrangement of
osteoblast-like cells were detected at 8 weeks.erdtwas no evidence of fatty
marrow or cartilage formation.

Many studies presented that BMP-2 is effectiveanébformation (S.J Hong et al.,
2006) and the best carrier used for BMP-2 is celtadgn one of the studies (Song et
al., 2005), the new bone area showed 1.3 + 0.8ahtweeks and 2.4 + 0.5 mai 8

weeks. This was almost similar to the present stundihe present study, collagen was
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mostly absorbed forming new bone. This was morenprent in 8 weeks. Compared
to the effective results of BMP-2, the synthetiptie did not show a significant new
bone formation. No significant differences werersbetween the time intervals. The
initial healing is important in implant healing. dife was no significant difference
between the time intervals. 2 and 4 weeks coulc len a better comparison. In
addition, the liquid type of synthetic peptide abhlave been lost around the rim for
its disparity. This could be changed to granulepawder type or could be reinforced
with a carrier. When used with the synthetic peptathd collagen, the new bone
formation was enhanced. The concentration couldlteeed through further studies.
The experimental group design and different timeriral may have yielded better
results. The synthetic peptide was developed tffeetive in minimal gap in osseous
defects during implantation. However, in the prés&ndy, it was a whole defect
model. When embedding this material in implantg;auld be possible to enhance
bone formation with a scaffold such as collatapeictvwill also increase the stability
of the material.

More research is necessary on the synthetic pejptidene regeneration. It can be
improved in various ways. The synthetic peptide magd more research in its
sequence and concentration. However, the synthpsjtide can be said to be
effective in damaged periodontal tissue regeneraticsmall gap defects concerning

its results and various advantages.
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V. Conclusion

The purpose of this study was designed to evaltlage periodontal tissue
regenerative effects of the synthetic peptide.

The results of the present study indicate that symthetic peptide has a bone
regenerative effect and carries the possibilitypeing used as a bone regenerative
material on the implant surface, reducing the Hfeedecond surgery. Peptide has the
possibility of being successful in marginal bonénga

More research is necessary on the synthetic peiptidene regeneration. It can be
improved in various ways. The synthetic peptide magd more research in its
sequence and concentration. However it can be wdedlthat the synthetic peptide
can be effective in damaged periodontal tissue nemgion for its various
advantages when compared to other protein basedabeoals, especially in

small gap defects.
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VII. Legends

Figure 1 Schematic drawing of calvarial osteotomy deféciveing the histometric

analysis.

Figure 2 Representative photomicrographs of defect sigegiving control at 2
weeks postsurgery. At 2 weeks, the augmented ams eovered with dense

connective tissue. Minimal new bone formation wiasesved ¥ 20).

Figure 3. Representative photomicrographs of defect sitesivimg control at 8
weeks postsurgery. At 8 weeks, more bone formatias observed in the base when

compared to 2 weeks@0).

Figure 4. Representative photomicrographs of defect sitesiving collagen only
at 2 weeks postsurgery. The defects were fillech wiiose or dense, fibrous
connective tissue and limited new bone formatios wiserved at the defect margin

at 2 weeks X 20).

Figure 5. Representative photomicrographs of defect sitesivimg collagen only

at 8 weeks postsurgery. The resorption of collggegressed much. There was an
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increase in bone volume and there was no invaginati the peripheral tissue@O0).

Figure 6. Representative photomicrographs of defect sitegivieg synthetic
peptide only at 2 weeks postsurgery. There was stlmo resorption and there was

slight new bone formation, a slight increase irunoé as well X 20).

Figure 7. Representative photomicrographs of defect sitewiving synthetic

peptide only at 8 weeks postsurgery. There wagat ggimount of resorption. The new
bone formation increased compared to the 2 weeksipy Osteoblast-like cells and
very few giant multinucleated cells were able todetected in the periphery of the

margin whereas the center showed almost no newfoomation (X 20).

Figure 8. Representative photomicrographs of defect sitegivieg synthetic
peptide and collagen only at 2 weeks postsurgeherd was not much bone

regeneration or defect closurg Z0).

Figure 9. Representative photomicrographs of defect sitegivieg synthetic

peptide and collagen only at 2 weeks postsurgdrgrd were no osteoblast-like cells

detected X50).
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Figure 10. Representative photomicrographs of defect sitegiving synthetic
peptide and collagen only at 8 weeks postsurger@ veeks post-surgery, new bone
formation was moderate. There was loose connetisgeie formation around the

defect area and there was no infiltration of inflaatory cells. Collagen was almost

resorbed X 20).

Figure 11.Representative photomicrographs of defect sitemivieg newly formed

synthetic peptide and collagen only at 8 weeks suogery. There was loose
connective tissue formation around the defect arehthere was no infiltration of
inflammatory cells. The defect area has been reflaby parallel pattern of

connective tissueX50).
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VIII. Figures

Figure 2. Control 2 weeks ¥ 20) Figure 3. Control 8 weeksX20)

W G

Figure 4. Collagen 2 weeksX 20) Figure 5. Collagen 8 week¥@0)

Figure 6. Synthetic peptide Figure Bynthetic peptide
2 weeks K 20) 8 weekx R0)
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Figure 8. Synthetic peptide and
Collagen 2 weeks X 20)

Figure 10. Synthetic peptide and
Collagen 8 weeks X 20)

FRac
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Figure 9. Syhetic peptide and
Collagen 2 weeks60)

FigurAélll. Byhetic peptideband
Collagen 8 week#60)
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