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Abstract (J. Kor. Oral Maxillofac. Surg. 2005;31:440-453)

DEVELOPMENT OF A BIOACTIVE CELLULOSE MEMBRANE FROM SEA SQUIRT SKIN
FOR BONE REGENERATION - A PRELIMINARY RESEARCH

Soung-Min Kim, Jong-Ho Lee*, Joung-Ae Jo, Seung-Cheol Lee**, Suk-Keun Lee***
Department of Oral and Maxillofacial Surgery, College of Dentistry, Kangnung National University,
*Department of Oral and Maxillofacial Surgery, Graduate School of Dentistry, Seoul National University,
**Division of Food Science and Biotechnology, Kyungnam University,

**Department of Oral Pathology, College of Dentistry, Kangnung National University

Objectives: To develop abioactive membrane for guided bone regeneration (GBR), the biocompatibility and bone regenerating capacity of the cel-
|ulose membrane obtained from the Ascidians squirt skin were evaluated.

Materials and methods : After processing the pure cellulose membrane from the squirt skin, the morphologica study, amino acid analysis and the
immunoreactivity of the cellulose membrane were tested. Total eighteen male Spraque-Dawley rats (12 weeks, weighing 250 to 300g) were divided
into two control (n=8) and another two experimental groups (n=10). In the first experimenta group (n=5), the cellulose membrane was applicated to
the 8.0 mm sized calvaria bone defect and the same sized defect was left without cellulose membrane in the first control group (n=4). In the another
experimenta group (n=5), the cellulose membrane was applicated to the same sized cavarial bone defect after femora bone graft and the same sized
defect with bone graft was |eft without cellulose membrane in the another control group (n=4). Each group was sacrificed after 6 weeks, the histologi-
cd study with H& E and Masson trichrome stain was done, and immunohistochemical stainings of angiogenin and VEGF were aso carried out.

Results : The squirt skin cellulose showed the bio-inductive effect on the bone and mesenchyma tissues in the periosteum of rat cavaria bone.
This phenomenon was found only in the inner surface of the cellulose membrane after 6 weeks contrast to the outer surface. Bone defect covered with
the bioactive cellulose membrane showed significantly greater bone formation compared with control groups. Mesenchymal cells beneath the inner
surface of the bioactive cellulose membrane were positive to the angiogenin and VEGF antibodies.

Conclusion : We suppose that there still remains extremely little amount of peptide fragment derived from the basement membrane matrix proteins
of squirt skin, which is akind of anchoring protein composed of glycocalyx. This composition could prevent the adverse immunologica hypersens-
tivity and aso induce bioactive properties of cellulose membrane. These properties induced the effective angiogenesis with rapid osteogenesis beneath
the inner surface of cellulose membrane, and so the possibilities of clinical application in dental field asa GBR materia will be able to be suggested.
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Fig. 1. Various Sea squirt, Ascidian (Halocynthia roretzi, Styela clava).

Fig. 2. Deep freeze-dried cellulose membrane after
purification.
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Fig. 3. Vacuum-packing with sterilization in ethylene
oxide gas after purification.
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Fig. 6. Amino acid analysis of cellulose membrane, Ascidian (Halocynthia roretzi).
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L
Analysis of Field Emission Scanning Electron Microscope
Element  App.Conc. Intensity, Corrn ~ Weight %, Weight % Sigma  Atomic %
C 17.90 16913 48.24 0.40 55.39
0 15.80 1.3909 5176 0.40 44.61
Total 100.0

Fig. 7. Elementary analysis of f-cellulose membrane, almost composed of carbohydrates.

control group after 3 days after 1 weeks after 2 weeks after 3 weeks

A, Spleen change after implantation of cellulose powder into the peritoneal space of mouse.

control group  after 3 days  after 1 weeks after 2 weeks after 3 weeks

B. IgG concentration change in the mouse seru.

Fig. 8. Immune reaction of cellulose powder and membrane.
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Fig.9. H & E and MT stainings in the first control group.

x 200 Angiogenin X 400 VEGF

Fig. 10. Immunohistochemical stainings in the first control group.

X 200 H&E X 400 H&E X 200 MT stain
Fig. 11. H&E and MT stainings in the first experimental group.
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(Fig. 11, 15).

x 200 Angiogenin x 200 VEGF

Fig. 12. Immunohistochemical stainings in the first experimental group.

Y Berg e,
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X 200 H&E X 400 H&E X 200 MT stain

Fig. 13. H& E and MT stainings in the second control group.

x 200 Angiogenin x 200 VEGF

Fig. 14. Immunohistochemical stainings in the second control group.
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Fig. 15. H&E and MT stainings in the second experimental group.
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Fig. 16. Immunohistochemical stainings in the second experimental group.
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Fig. 17. Hermaphroditic invertebrates of Ascidians.
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Fig. 18. Appearance of various Asidians, Styela clava.

Fig. 19. Appearance of various Asidians, Styela plicata.
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Fig. 20. B-1,4 linkage structure of Ascidians cellulose.
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SEM view of the outer surface of Styela clava

Fig. 21.

SEM view of the inner surface of Styela clava

The cellulose surface of polyethylene fiber
and Vegetable pulp (upper figures).

The cellulose fibrils of Sea squirt, 100 nm
thickness (lower figures).

Fig. 22.

et ol g ¢ AT AZRL X Thg ARG Y 1,2
Foll A B Ol % 1,237l vjs) AW
mmﬂVEFﬂﬂw£ﬂ°““%oaiﬂa%@% o
Tl iRl dAF oAb FhTge] F2 AeelE =
°] Wk 2le ejulete SHAARE (mesenchymal cellg)S©]
SHEAM A A= G 22
L2 m i de] FAEe AT gAS doTle Ao
A7

TS ol At 1% o kg ol el AER L
s7bARA R wE Al9A 08 §45EH U g
FAER AT YT AZ, A

450

A EH, A B ASAE T Y AFY dEIHE
gopen, gy o @ 53 &3 9= Polyethylene fiber 2
Vegetalepulpel] B3l 2 Aol A ALl Seasquirte] Al &=

Q2 gl A= F7 7F 100 nm A 2] mA| 3k A f-2 o] XD 3}
A A de F2E AUA 244 B 718 e A
Egelse gy ‘2\313}5}0}0}“‘3}1“)@9 2). o] i -
T 7NASARAAER AR oA, T Fo] T
AR A S St EE AEE A P E FTEH7|Erhe

S B9 Frel Bk AaA e AEE e ¥ o
dI2loke 10 10aay /gAY ) $EE T, 4

0] F2HHT Wo| AESHHEBZ AZZOAEFE T2
o9&l w5 = ﬁii A AR Tt ﬂtﬂi} el =
TSt o] A2 Q2 73l vl Eo] EAI8AL pH, R Y



ISt Ol 7o M HEZRA ZHS 0|8 ZAY 258 JH YEy8e] JHe - ofs] A7

obe] o, £ 59| 873 Q1A 2Ja) $-A 3 Fo] AYHE A
o2 Azte s, oy FT/H T2 AEZ X BaldS
FZBallus £ 2 TAHE Z02 48 Ut A22Q
» —“?_—sﬂ —g—%o]%% 10* -10° colony/g EJHM H el

r
m
ui
By

%6H§i91 5‘*"{} t 1%%01] %7%‘ 3] %7}'8]-0:] 2
o

it
fu
o

RS
[N
PL

o b X fom g 2 fol W omx B [» R

0 =S Bl A
220 B aL AER 2 U FAR
o2 getath gRyocle E4S AEROA
o] ol AER Q2 Ba) 5} 2750
doluz 4§ W 717kaF o 2o gro}
%@Hﬂvﬂﬂéiﬂﬂﬂﬂzﬂ4ﬂ
%7 A A FRUoL A2 =
Wrg Moz SR sl we, 4R &
_q] HlEEOJ\ ULO u}‘: ] ]5}]}\1‘— o]aﬁ—@-
Zol7] 913k S5A 2 o] Tekslolol &
Z AR Hes,

A, 7, 7B B EE ol AR e Sue 2849 7
A & 942 T2 N-adlyl-D-glucosamineo] f 4902 A
A¥ A4 F3AQ 79 (chitin) T2 ol Rl A A
Ao 2 QYA ZoAH E’—u = AYA Holl vlsl), A==
2 2= 100007)) o)Ate] D-ZFF£F QA w7t 14 FE A E
A%oE AZH A7HA 4%01 e A sHAudRE T
JEth obdE o A S| I FA }’“JJr FrALSHA B 4
RO, AZZ Q ol A= 1427 o] AT vl x| H]3| of
YR A opd 2AY, Il A= 142 Fol e-vlf x| %] A
o] xFo]Fola} & 4= 9ty Waka], AEE O A9} o} FE O A
= 3ot 24 H1~0H o} o] gk xfo] 2 ¢hd 3] v A
A& 2 A F2EAUA Hed, AER 29 A
o o] =f ﬁéﬂ(ﬂ UED-SFFILAEAELAE EA oM o
PR QA& Thpits| Al o8l THE el HA e EEA
9}}«407}51;}14% oY MEE QA J}EEA e FA&
‘{.zngwoﬂ,q Bz onz A28 oA Aty &

ﬁﬂﬂﬂﬂoiﬁ¢lﬂﬂlﬁiﬁw+ﬂli4ﬂﬂ
A Alaioz\e HA TprREaEE &40 A (i
lasg) £ Rl at=d] o] ¥ A & 24A| = Trichonymphaet= 74 &
o 4 BHlshE A0E 4EA gtk wekA, Ao B
£ 238 5 910W B4 & 2o A7) Aol we2lob
1 SR BT BEOE ROR FHA 3
A AER QA (Cdluosenirde)= AEZ QA2 A}
%%ﬂﬁﬂi@ﬁiiﬁZﬂﬂ” gz
e ] (quncotton)©. 2 B2 Y d 2y Al
S48 FFO 2 = ALEHo] Bl Zolu}
z57)% gov), B8, A #2 5

R

ox e &

M oot
=
oo W

offt
1
AN )
>
X

[

FH

é“é
1> F-lﬂ 1>
©

ot ot

o
>~
Ol

%o
=
o

H o
rlo s
i

FE o J
tlo X 1:91;
wodo b

i

o

o
M ooX
A,

¢

<]
uul

Iy

»

fl

N M
it
i
o
[
:L

it
¢

n
rua:-

& o
b

oy &

1o to
ot
12

u ofr < HU
o
tlo & Mt fo

[

rlr
[o ox 2 |o
:lo e r

Azote ABE o]l Wol AL H AV F7taA S8t
o gA ?77117494 dotrs talste] ARG 7] o m o
AREE TS IIEEAERE f\}%ﬂ ol gt AEEAE
Z A3} uL£A]7]U4 ZAE A= 2 (cdlulose acetate) 71 =
__p_]] ] 7]./\Agg_§/q }\].;(] z‘sﬂ)\LQ. :ﬂé.o] &%/\1 uq]
U= 7HeE Al Zsh=tl AR E T gl o] (Rayon)ol 2L -2
L 382 28 F2EY (xathde) A &2 9 AE Tal=

¢
c

o 53] x4 Hole 25 7] A% S ARE A
" o2 279 AE2 9 A 553 2 hydroxyethylodluloseES
£ F d=d, °l7/i€— %“ﬂ ARl Fxo AERQ 1 IR
HHE k9o Q)= Srakr] 9] Gy 237} hydroxyethyl ether7)
2 2 3he P EA °l hydroxyethyl 7] = 3732247+ A 4 3t wf
83 AT e,

Meche® Sl oJa] 2Z9t% 7 Karing® Sof 23 e =
AFEAYES AFGGdAM N2E5s =oIAY A+
ESHES A A&F FoXES A AEHOE Bo

AHEE T T ol H F A &S 9l PTFE (polytetrafluo-
roethylene), =241 (collagen), polylactic acid, polydioxanon, chitosan
T 2 o8 F54 % WERY A o] AUH L A
H e, AAR oA AFA A A AFHL
S1AE 27be) w83k AR ol 2 5 slrhe Ao o) o
2 Ao SApE ol Al FEe 3L e Aol Aot Jensen
5 AER o) oA b2 Aeehg o] AH-SIH A
uhrh B ALE S o W A4 o) Bute] Yoty B

AL, Wachte 52 & o] 42 22 27 P* OV‘OM =5

=
e

L

-

R4 51k 1o, Mecher 5.8 A% 24 el 412
92, A7, 45 9 22291 40 27001 91251 o
of ol X B35 A2l o) F ok AL EF| T} X
242] A Gebh AR kel AF 29 A48
o ol 24 272 Sk S m, Nymen 5-& A7 2ol 4
milipore 2} Eheh& A}8-ahed 445 4 2 9] o] 5 Afghalo] 4141
25491 37, Gottlow 52 Aghuh o] §-5}e]
AN fe R E Fohzgo] A 2vo) 4
Aol A el B A L) FA 2 el
4ol AP g A2 2 BTG ol ¥

& o1l HEAZE MAH 7 2
Y AT 7hsstty RSty 24 {:_\Iaﬂq],q 2oT A A
(GBR. Guided BoneRegeneration) ] 2= 7118 2 A 1 8 vl 9o,

ol BAstp|eE 3o WS T 4ol R A%
g E205h0 2o 2AE 910 A4S B s
W) 2 Shehe 29) A2 oAk T2 o] §tel Ppol
a5 S A A% HAL A% Bt A2
Agetn 28 AE 2 AEL 98 294 54 FE9
AAR AEE 5 YTke Fol Ferstol®, 23t 3 Tt

451



LHTSIX| 200531 :440-453

o3 oo ZTYPAFE AW O R 9| ALgo] 7HsE T
e Ao
v.d £

)
2
)
ol
ol
2
>
o
N
3
3 J
o
=
(o
re
d
=
ri,
o
rlo r
i

N

N
rlo
i
i3
il
ne
32
v

=

v
\ do

HZol| = A mH Y o] 4
A BT frAbsHA S5 A
%01 7 2] 100% I (B-calulosg) = o]
1383 T}

5 b ZgE o] Sl ofw| 4k
Emission Scanning Electron Microscope® =%
ol ZA W& & 001% o] 6t Ao & F7
2hA], opr] i akE o] R YA N SF9 9
ket
3 1 nHE e AER QX FR A= HETHE W

o Agdst o] kEHo e 1 JAEF] Aee

001% o] o] FAgFolm 2 HEfo|E B4R o 54

ol ¥ st =H 2 oY AR AN YA o] R

20 7)A] g3kt
4 AZ2Q 2 v Tl UA 9 dSueS AFT

A= @Hol A= o] & At Al £ (foreign body giant cdl)

AU AEZ A 7| F o] F4E & A4S HEs)

o, WA= AEZ 92 vt ol 2 F1 o]

(mesenchyma cdls)E ©] =

b_zo‘/l} =2
ZFNEE A AER Q2 YA FAts o] 214

o o
> ol
19 oy
(<] JH
L o
rg o
K

fo
g

3

T
=
>0

Y

o 1o &
tlo 2N,

o

lo fot g2
l-lO
of
i

sk
g o 18

d

Ho
L. = P
oL

)

N
2B ot N om0 @ Mot A
Y

X HT ¥ off do X X O KU
o gy [o ggﬂﬂgﬁm{nm
T

¢

o

FRge g
o e] B Az MEE Q2 vhe] Saet AAZH A4
S ERYY 197 TYNEL FARGOH, FF AGAE
Fe e ettt

D23

1. Brett CT: Cellulose microfibrils in plants: Biosynthesis, deposition,
and integration into the cell wall. International Review of Cytology
2000;199:161-199.

2. Kroon-Batenburg LM, Kroon J The crystal and molecular structures

of cellulose | and I1. Glycoconjugate Journal 1997;14:677-690.

www.naver.com 2 o) ] 3} AbA HZ

Empas 743} 71 £ 71 4); m| 0 9 &5 3> E B o> A 25

dE nEd 3 gA L A dl4, WA o4k AlE; 2002

139

6. Bosch C, Melsen B, Vargervik K: Importance of the critical-size bone
defect in testing bone-regenerating materials. J Craniofac Surg

oA~ w
rL

124

452

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.
27.

28.

29.

30.

3L

32.

1998;9:310.

Alberius P, Dahlin C, Linde A: Role of osteopromotion in experimen-
tal bone grafting to the skull: a study in adult rats using a membrane
technique. J Oral Maxillofac Surg 1992;50:829.

Nikolaos D, Lang NP: Effect of GBR in combination with depro-
teinized bovine bone mineral and or enamel matrix proteins on the
healing of critical-size defects. Clin Oral Impl Res 2004;15:101-111.
%714 Study on the Development of Seasoning Product from
Ascidian, Cynthiaroretzi, 1995, §+= 2] Z 7] ¢ 7+

Lol AR A v A AR D A, 2002, wRakA
o A

v} 4 5 Studies on the development of Aquaculture technology for
Ascidians, Styela clavaHerdman, 1997, = 3 =4k

Williamson RE, Burn JE, Hocart CH: Towards the mechanism of cel-
lulose synthesis. Trends Plant Sci. 2002;7:461-467.

Lee JG, Brown RM, Kuga S, Shoda SI, Kobayashi S: Assembly of
synthetic cellulose . Proc. Natl. Acad. Sci. 1994;91:7425-7429.

Levy I, Shoseyov O: Cellulose-binding domains biotechnological
applications. Biotechnology Advances 2002;20:191-213.

7 o1 3 Efficient solid waste composting by improved degradation of
cellulose, 3= 3} 871 & 9 5 383}, 1995.

Nobles DR, Romanovicz DK, Brown RM: Cellulose in
Cyanobacteria. Origin of vascular plant cellulose synthase? Plant
Physiol 2001;127:529-542.

Novaes AB, Gutierrez FG, Francischetto |F, Novaes AB: Bacterial
colonization of the external and internal sulci and of cellulose mem-
branes at time of retrieval. J Periodontol. 1995;66:864-869.

Kimura S, Kondo T: Recent progress in cellulose biosynthesis. J
Plant Res.2002;115:297-302.

Lai-Kee-Him J, Chanzy H, Muller M, Putaux JL, Imai T, Bulone V:
In vitro versus in vivo cellulose microfibrils from plant primary wall
synthases:structural differences. J of biological chemistry 2002;
277:36931-36939.

Madihally SV, Matthew HWT: Porous chitosan scaffolds for tissue
engineering. Biomaterials 1999;20:1133-1142.

Kim NH, Herth W, Vuong R, Chanzy H: The cellulose system in the
cell wall of Micrasterias. Journal of Structural Biology 1996;117:195-
203.

Ann GM, Karine D: A functional cellulose synthase from ascidian
epidermis. Proc Natl Acad Sci USA 2004 ;101:986-991.

Melcher AH: On the repair potential of periodontal tissues. J
Periodontol 1976;47:256-260.

Nyman S, Gottlow J, Karring T, Lindhe J: The regenerative potential
of the periodontal ligament. An experimenta study in the monkey. J
Clin Periodontol 1982;9:257-265.

Wachtel HC, Noppe C, Zimmermann B, Bernimoulin JP:
Implantation of porous hydroxyapatite into periodontal bony defects.
Dtsch Zahnarztl Z 1989;44(4):277-282.

Melcher. In Biology of the Periodontium. Academic Press 1969.
Nyman S, Karring T, et a: New attachment following surgical treat-
ment of human periodontal disease. J Clin Peridontal 1982;9:290-
296.

Dahlin C, Linde A, Gottlow J, Nyman S: Hedling of bone defects by
guided tissue regeneration. Plast Reconstr Surg 1988;81:672-676.
Lundgren D, Sennerby L, Falk H, Friberg B, Nyman S: The use of a
new bioresorbable barrier for guided bone regeneration in connection
with implant installation. Clin Oral Impl Res 1994;5:177-184.
Friedmann A, Strietzel FP, Maretzki B, Pitaru S, Bernimoulin JP:
Histological assessment of augmented jaw bone utilizing a new colla-
gen barrier membrane compared to a standard barrier membrane to
protect a granular bone substitute material. A randomized clinical tri-
al. Clin Oral Impl Res 2002;13:587-594.

Piattelli A, Scarano A, Russo P, Matarasso S Evaluation of guided
bone regeneration in rabbit tibia using bioresorbable and non-
resorbable membranes. Biomaterials 1996;17:791-796.

Hurzeler MB, Quiriones CR, Hutmacher D, Schupbach P: Guided
bone regeneration around dental implants in the atrophic alveolar
ridge using a bioresorbable barrier. An experimental study in the



ISt Ol 7o M HEZRA ZHS 0|8 ZAY 258 JH YEy8e] JHe - ofs] A7

monkey. Clin Ora Impl Res 1997;8:323-331.

33. Takata T, Wang HL, Miyauchi M: Migration of osteoblastic cells on
various guided bone regeneration membranes. Clin Oral Impl Res
2001;12:332-338.

34. Madkour M, Mayer F: Structural organization of the intact bacteria
cellulosome as revealed by electron microscopy. Cell Biology
International 2003;27:831-836.

35.

36.

Markman C, Fracalanzza SE, Novaes AB Jr, Novaes AB: Slow
release of tetracycline hydrochloride from a cellulose membrane used
in guided tissue regeneration. J Periodontol. 1995;66:978-983.

dos Anjos B, Novaes AB, Meffert R, Barboza EP: Clinical compari-
son of cellulose and expanded polytetrafluoroethylene membranes in
the treatment of class Il furcations in mandibular molars with 6-
month re-entry. J Periodontol 1998;69:454-459.

453



