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By cm?

#£40* £8RB* #12 B* 16 8* £20 8*

W5 ExX % EY BF ¥ YF  BYX ©F  EY oF
I 442 450 277 274 169 189 065 119 022 087
2 462 501 289 350 147 179 089 125 0.19  0.59
3492 512 297 325 148 201 1.01 143 025 096
4 404 480 297 331 232 304 098 211 021 125
5 424 519 305 342 196 232 078 130 017 0381
6 415 446 287 310 1.57 226 1.02 137 030 068
7 408 501 3.10 381 204 220 081 1.07 022 086
8 422 434 305 338 148 212 065 1.10 032 063

* KRR Paired T test T EEEEIER -
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k-~ HomFEic

R4y cm
#48* #£8Aa* #£128* #Floa* #208*
%3 Fx A EX ¥4 Ex ¥R EX YA Ex &FH
1 437 453 332 390 201 232 102 190 063 072
2 433 460 305 381 187 225 098 122 052 070
3 378 425 295 341 229 250 108 187 033 066
4 391 424 298 350 190 225 053 16l 037 051
5 409 501 305 388 195 208 057 194 019 101
6 411 434 316 372 212 26l 1.05 131 023 0950
7 420 445 314 340 217 300 088 131 022 063
8 412 437 28 309 198 251 110 188 057 095

* KERBER Paired T test MUEEERERET -
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AFEEEIAFE RS AREHNTERE ARAEEE
CIRETRGRE B EETERENRRE AR, F—EEEEH
TN Z BHELIER BRI S e E B LA IN NaOH 72 100°C
TERE 2-3 /NEFR R R LI E E X EBINA R (1% ETMEGFE
B melamin ZEEFEE B REEAMLUARE A, SR E TR,
SIS S AR DU TREC R B E R, Ry T U LAE A4
EEMEE U ER R EAREATIR - EEER S REE T
R KSR BRI R T U NG BE P E R E , hES
BB RETR  FEEEELL -

BEoREREAD, BUEZ BESEREEEZ, LU LICH/MeOH &
BEfES T B ERTRY), RIS ZEEK FEETIRRTY 2
R FESTFRIDERES  NEOFE R L R, B R EE
RIEBE -

IR CHETE RGO & R IBIE G (010 BB e
BERE, MAERE AR T REEEETEE -
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HATAH S EMESHE RS BER b RS
(Ganoderma tsugae) it IBHNE 2 IR BI—TE - BEHNRGE
WA RS A ] BB RS - AT -
1 B BENLeE AR s SR AR E MR —i
SERBTRH LY - BERREY MBS TREFNES
BE(SACCHACHITIN) 81—t - B EBHIRAR:
RIS - FLIES TR BN ENE L - e EE
BT SRS -

EERARERCH  BPILEARREZ FRERE YRGS
MEEEREEENE R EFRZZEHNEZ XEEURIE -
AR R REE L ITMEELISA I8 2 KRB HERY
EETUETRRINIE -

HPAEREET B ERESENSTELRMESE
AR RTINS 0. 0S%AIBE F I MBS 5 - T41 -
KPR TEH ARG PLERT A BT IO SRt -
GERTABEREES - B4 EEARS REHEEME -
$7E 5t PBS A9 B Rk 41541 collagen type I 5% collagen type 11
% BINEAELL T8 A R TR B R e 24  BEAREESY collagen
type I & collagen type [ 575 BN LIMMTIE - BRI
AHERTLMEE S FNNEETEEE - B4 TERS LR
RGOS~ RE S B AN ES P AN GO R
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neutrophils HHERAY S » £ R AIRER & E0F fn S (scan SERRRITZ AL -
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Abstract

[n this study, Sacchachitin membrane, prepared from the residue of the fruiting body of Ganoderma tsugae, was estimated for its
effects on wound healing and the proliferation and migration of fibreblast ceils. Two mirror-image wounds were made on the back of
female guinea pigs by dissecting a 1.5 x 1.5 em? skin surface of full thickness. Sacchachitin membrane was placed randomly on one of

the wounds and gauze or Beschitin® on the other.

Changes in the wound area were measured and photographed after a predetermined

amount of time postoperatively. Histological examination of the wound and surrounding tissue was aiso performed to reveal agy

interaction of tissue with the dressin

smaller than that covering with gauze on day 10, whereas there was n0 significant difference in t
® ibroblast cells from the dermis layer of guinea pigs were used. The sumber of fibroblast cells were counted on the

¢ without 0.01% wjv dressing malerials. By layering on DMEM plates, the
line or outside of the central hole were counted after five days. All the results

Beschitin
predetermined days in the culture suspended with o
number of fibroblast cells migrating across the center

g. The results showed that the wound area covered with Sacchachitin membrane was statistically

he wound size compared to that with

indicated that both 0.01% w/v of Sacchachitin and chitin significantly enhanced the proliferation and migration of fibroblast ¢ells.

© 1998 Published by Elsevier Science Lid. All aghts reserved

Keywords: Ganoderma tsugae, Fungal mycelia; Wound healing; Fibroblast; Preliferation; Migration

1. Introduction

Wound healing is defined as the restoration of the
continuity of living tissue and is an integrated-response of
several cell types to injury. It involves platelet aggrega-
tion and blood clotting, the formation of fibrn, an in-
flammatory response, alteration in the ground substance,
endothelial and capillary proliferation and surface cover-
ing, regeneration of certain cell types, variable contrac-
ture and remodeling [1]. Healing is not complete until
the discupted surfaces are firmly knit by collagen. Gen-
erally, the use of a skin substitute to provide an envi-
ronment conducive to healing is necessary [Z]. In an

. endeavor to develop an ideal skin substitute, the perfor-

* Corresponding author. Tel.: 886 227 361661 ext. 683; c-maik: min-
gsheu@mail. tme-edu.lw

mance of Sacchachitin membrane, prepared from the
residue of the [ruiting body of the medicinal fungus,
Ganoderma tsugae, as an effective skin prosthesis has
been examined [3]. This study evaluated the effectiveness
of Sacchachitin membrane in the management of excised
wounds in guinea pigs and compared its performance
with gauze and Beschitin®.

A variety of wound models have besn employed to
study the wound healing process. The techniques that
have been employed involve morphological examination
of the wound size, histological examination of biopsted
tissue samples, the detection of collagen content, the
number of cells in the new connective tissue and
epithelial layers [2], and the measurement of some
biochemical parameters [1]. In conjunction with the
area measuring technique and histological examination,
evaluation of the effect of Sacchachitin on the prolifer-
ation and migration of fibroblasts in culture was

included.

0142-9612/98/5—See front matter O 1998 Published by Elsevier Scieace Lid. All rights reserved.
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2. Materials and methods
2.1, Materials

The residue of the fruiting body of Ganoderma tsugae
was collected afier hot water extraction twice and was
a generous gift from a factory in Natuao, Taiwan. Bes-
chitin-W?®, made from crab chitin, is a commercial prod-
vet of Morihita Resere Co. (Japan). Ketamine HC] and
xylazine were supplied by Sigma Co. (St. Louis, MO,
USA). Female guinea pigs, weighing from 330 1o 480 g
and aged from 8-10 weeks, were purchased {rom the
Animal Center, National Taiwan University. Analyti-
cal-grade reagents were obtained from Merck Co.
{Germany). Deacetylated Sacchachitin was obtained by
dissolving Sacchachitin in 45% NaOH with heating. The
resuiting solution was dialyzed with-tap water for two
days and then with distilled water for one day resulting in
a solution with a neutral pH. This solution was then
fresze-dried to obtain deacetylated Sacchachitin. §-Glu-
can was the alkaline-soluble fraction of the polysacchar-
ides obtained by treating the residue of the fruiting body
of Ganoderma tsugae with | v NaOH at 90°C for 4 h.

2.2, Preparation of Sacchachitin membrane

The purification of fibers to form Sacchachitin mem-
brane was followed a similar procedure that reported in
the previous paper [3], except that the treatment with [ ¥
NaOH was conducted at 90°C for 4 h. The fibers with
lengths in the range of [0-30 pm were then collected and
dispersed in deionized water to form a suspension. The
suspension was then filtered. The membrane formed on
the filter paper was then f{reeze-dried {EYELA, model
FD-35N} to obtain a porous membrane with a diameter of
7 cm and thickness of 0.1-0.2 mm for the following stud-
ies. The chemical constitueats of the final product was
determined to be 40% N-acetyl-D-glucosamine and 60%
B-1,3-p-glucan. The membranes were autoclaved and
kept under aseptic conditions unul use.

2.3, Wound healing studies

Pricr to the study, guinea pigs were anesthetized separ-
ately with Ketamine (35mgkg™') and «xylazine
{5 mg kg~ ) by abdominal injection. The dorsal and ab-
domipal hairs of the guinea pigs were removed with an
electric razor. The method proposed by Kaufman was
followed to prepare wounds [4]. Two equal mirror-
image areas were marked on the dorsal area of the guinea
pigs | cm apart from the spinal cord and in between the
12th rib and iliosaacral joiat. Two pieces of full thickness
skin, each with a surface area of about 1.5 x 1.5 cm?, were
excised. The method of excision was similar to that re-
ported by Smahel [5]. The depth of the excised area was
as deep as the panniculus camosus. After cleansing off

the blood residues with gauze and 0.9% saline solution,
one of the lesions was randomly chosen and covered with
an equal size of cotton gauze or Beschitin for compan-
son. The other side was covered with Sacchachitin mem-
brane as prepared above. Both dressings were hydrated
with 0.9% saline solution to promote the adhesion of the
dressings to the wound surface. Treated guinea pigs were
placed in individual cages with an air-filtering device in
a temperature range between 22-283°C with humidity
control.

After surgery, the area of the wound was measured on
the 3th, 10th, 15th, and 20th days. Fresh dressings were
replaced at the same time. A modified method of Nangia
to calculate the wound area was employed [2]. Gener-
ally, the outline of the wound area was marked on
a transparent paper and then transcribed to another
niece of ordinary paper. A hand-held scanner (Proscan
(ray) was used to capture the image and data were
stored as a monochromic BMP file. With proper adjust-
ment, 2 computer program written with Visual Basic was
employed to calenlate the wound area so obtained. A to-
tal of 15 guinea pigs were included in this study. The
statistical significance of any difference was analyzed by
a paired Student's ¢-test.

1.4. Histological analysis

On days 3, 10, 15, and 20, one of the guinea pigs from
the above study was killed. Lesions with the surrounding
tissue were excised in a deep-V shape. Specimens were
then fixed in 36% formalin for 2-3 h and then cut into
two haives to promote the infiltration of formalin into
the tissue. Specimens were dehydraied with a tissue
auto-treatment device (Sakura, RH-12E) and embedded
in paraffin with a Paraffin Dispenser {Shadon, Lipshow).
Sections of appropriaté thickness (about 3 pm) were
sliced (Sakura, [VS-400) and stained with haematoxylin
and eosin. Entellan (Merck) was used to seal the speci-
men before examination using a Hitachi model S-2400

SEM,

2.5. Implaniation

The implantation was according to the modified
method proposed by Peluso (61. All ammals were anaes-
thetized in the same way as described above. A lcm
square of autoclave-sterilized Sacchachitin was im-

. planted into the lesion between the subcutaneous tissue

and muscular membrane on the dorsal area of the guinea
pigs 1 cm away from the spinal cord and in between the
[2th rib and ilicsaacral joint. On the opposite side, either
gauze or Beschitin was implanted as a control. Both
lesions were then closed with 3-O nylon sutures. Guinea
pigs were kept in individual cages and the sutures removed
on day seven. On day 14, the implants were excised
together with the surrounding tissue. The specimens
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were then fixed in 36% formaldehyde for 2-3 h and embed-
ded in paraffin. Sections of appropriate thickness were then
sliced and examined using 2 Hitachi model S-2400 SEM.

2.6. Scanning electronic microscopy (SEM) examinations

The Sacchachitin membrane samples harvested on day
9 from lesions were washed three times for 15 min with
0.1% cacodylate buffer solution (pH 7.4} containing 7%
sucrase. The samples were then fixed in cacodylate buffer
solution containing 1% OsO, for 1.5 h. After that, the
samples were washed again according to the same pro-
cedure as described above. The specimens were dehy-
drated by immersion in a series of aqueous solutions of
increasing alcohol content, followed by critical point
drying using liquid CO» as the transfer medium (Hitachi,
HCP-2). Dried samples were then loaded on aluminum
studs and coated with gold for 3 min at 8 mA under
a pressure of 0.1 Torr (Hitachi, IB2). The samples were
scanned and examined using a Hitachi model $-2400
SEM. One control sample was prepared by simply im-
mersing another Sacchachitin membrane in phosphate
buffer for nine days and a second contzrol sample was
untreated Sacchachitin.

Part of the Sacchachitin membrace obtained from the
wound healing studies was treated with 10% NaOH to
remove blood clots and was then cleaned with distiiled
water until the pH was neutral. Membranes were pressed
between two glass slides and treated with 0.5% periodic
acid [Gr S min. After that, they were washed with water
several times and then incubated in Schiff's solution for
15 min. After washing with water for 10 min, a purple
color could be visualized on these membranes. A control
sample of Sacchachitin stored in phosphate buffer solu-
tion was also prepared.

2.7. Preparation of fibroblast cells

Fibroblast cells were acquired by the method of pn-
mary culture. A piece of skin was isoiated from the dorsal
area of a guinea pig and steriized in todine-alcohol
solution for 30 s and then in 70% alcchol for 15s. [t was
then cut into several pieces each with a surface area of
about 2 mm>. After attaching to a tissue culture dish for
20 min, 10 ml of culture medium (DMEM with 15% v/v
fetal bovine serum, 1% v/v streptomycin) was added
followed by storage for a couple of days in an incubator
(Sanyo, MCD0175) controlled at 37°C and with 5% CO,.
Tibroblast cells were harvested simply by removal of skin
specimens [ 7]-

2.8. Proliferation swdies of fibroblast cells
Fibroblast cells at a concentration of about 3x

10* cells ml~* was placed in the DMEM medium in 2
petridish 35 mm in diameter. After incubation for 24 h,

the medium was changed with fresh medium containing
various materials at a concentration of 0.01% w/v. The
materials tested included Sacchachitin  powder,
deacetylated Sacchachitin, chitin powder, N-acetyl-p-
glucosamine, and f§-1.3-0-glucaan. On a predetermined
day, 0.25% Trypsin-EDTA was added to detach the cells.
About 50 ut of cell suspension was sampled and mixed
with an equal volume of 0.3% Trypan biue. The total
number of live cells was then counted using
a hemocytometer under light microscopy {8]. A growth
curve was plotted for each material added to the medium.
The results were an average of replicated samples. At the
same time of sampling, 70% of the medium was replaced
with fresh medium. On day 9, another cell suspensicn
was sampled and fixed with 70% aqueous alconol solu-
tion followed by the addition of 300 ul of propidium
iodide solution (50 ug ml™"). The number of cells in the
solution was counted for Smin by a Howcytometer
(FACScan, Becton Dickson). Data was analyzed with
LYSIS 2 software. The effects of two different concentra-
tions {0.05 and 0.1% w/v) of N-acetyl-n-glucosamine,
deacetylated Sacchachitin and B-1,3-p-glucan, were also
examined,

2.9. Migration studies of fibroblast cells

Fibroblast cells (3 x 10° cellsml™") weze incubated in

" the DMEM medium containing 0.2% FCS for 72h in

a petridish. Aphidicolia (0.5 mgml” 'y was added and the
incubation continued for another 24 h. About 1.2x10%cf
these cells were incubated in a petridish of 35 mm in
diameter until the cells were grown fully over the whole
dish area. A cell lifter was used to mark a cross line in
the center of the dish and those cells on one side were
scratched off. The remaining cells on the other side wers
leaned twice with phosphate buffer solution. Thez.
2 medium containing 0.01% w/v of various materiais
{chitin, deacetylated Sacchachitin, and f-glucan) was ac-
ded. Incubation was done at 37°C with 3% CO.. The
extent of migration was estimated by counting the num-
ber of cells growing across the central line at six differeat
points each within an ared of 600 x 600 um?. Differences
among different materals were analyzed based on tas
Student's t-test with P < 0.05 [8-10].

Another way of estimating the migration of fibroblast
cells was as followed. The test materials suspended in 1%
agarose medium were placed in a petridish and a layer
consisting of a precipitate of the test material later for-
med at the bottom of the petridish. A hole was punched
with a Pasteur pipette in the center of the solidified
agarose medium. About 1000-1500 cells were placed into
the hole, 15 min later, the cells precipitated to the bottom
of the hole. The hole was then covered with DMEM
medium and incubated at 37°C with 5% CO, for a cer-
tain peried of time. From the center of the hole, the celis
that migrated along the interface between the layers of
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agarose and of the test material were counted in six 3. Results and discussion

different areas of equal size but rzndomly chosen

[11-12]). The Student’s -test was used to analyze any Changes in the wound area covered either with Sac-

chachitin, Beschitin or gauze were estimated on days 3.
10. 13. and 20. The average change in the wound area is
shown in Fig. [ and demonstrates that the wound area

significant difference among the matenals tested.

40 . -
1 covered with Sacchachitin measured at the above men-

- O Gauze tioned time was smaller than that covered with gauze.

‘ -@- BESCHMN However, the difference berween the area covered with

g
o
o

i SACCHAGHTIN Sacchachitin and that with Beschitin was not significant.
Histological examination of wound :issue showed that
new cells were apparently {ormed on day 10 in wounds
covered with bath Sacchachitin or Beschitin, On day 20.
the differentiation of the hair follicles was also observed.
However. the new cells only appeared on day 13 in
wounds covered with gauze with shrinking of the wound
area being observed also. Histological examination fur-
ther revealed thar the infiltration of numerous polymor-
phonuclear leukocytes into the wound area covered
with Sacchachitin and Beschitin. whereas only a few
monocytes were found 1o have infiltrated the wound
area covered with gauze. These resulis are shown in

s
L

o
T

WORND AREA (cm’)
~
(=1
¥

0.0
1] 5 10 s 20

TIN;E (days)

Fig. 1. Comparison of wound area changes as different time intervals
2hen using Sacchachitin, Beschitin and gauze to cover the wound.

*: 1 paired (-test of significant difierence with P < 0.03). Figs. 27—

Fig. 2. Photomicrographs of the wound area and its surrounding tissue covered with Sacchachitin membrane at different time intervais.
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DAY 10

Fig. 3. Photomicrographs of the wound area and its surrounding t1ssue covered with Beschitiin membrane at differsnt time intervals.

The accumulation of polymorphonuclear feukocytes.
such as neutrophils and eosirophils, in wound areas
covered with either Sacchachitin or Beschitin is a sign of
an acutz inflammatory reaction. However, no bacterial
infection was observed, indicating that both materials
had a chemotactic etfect on the inflammatory cells. On
" the conrary, the infiltration of a large amount of mono-
cytes, i.c. lymphocytes and macrophages. into the wound
area covered with gauze is attributed to a type [V allergic
reaction. This is a type of rejection phenomenon involv-
ing the activation of these chronic inflammatory cells
causing necrosis of the wound tissue or the appearance of
blisters on the skin. In 1978, it was reported that a mild
acute inflammatory reaction of a wound caused by infec-
tion in the earlier stage of trauma was able to accelerate
healing of the wound and, to increase the ability to
toterate the tension after healing as well {13]. [t was also
found that numerous polymorphonulcear leukocytes
with some macrophages, which are able to secrete cell
cytokines or growth factors, had accumulated in the
vicinity of the wound. Possible reasons proposed for the
acceleration of wound healing by the author was at-
tributed to the action of cetl cytokines or growth lactors

on promoting the differentiation of granuloma granula-
tion tissue in the wound area (13]. This would explain
the acceleration of wound healing by Sacchachitin mem-
brane and Beschitin.

When Sacchachitin membrane iselated from the
wound area was examined, it appeared that the structurz
of the mycelia hypha were destroved and would not stain
with PAS (Fig. JA) On the other hand, the untreated
Sacchachitin membranes and that immersed in phos-
phate buffer sclution (Fig. 5B) showed no signs of dam-
age to the structure of the mycelia hypha and they coulc
be stained with PAS. Thus, it appears that the constitu-
ents of Sacchachitin membrane that can be statned by
PAS were eliminated during the wound healing process.

[t has been known that chitin is hydrolyzable by
lysozyme [14]. Since chitin is a portion of the Sac-
chachitin structural unit with some soluble polysacchar-
ides, it appears likefy thar substances released by the
infiltration of body Huid caused dissolution of the chitin
to promote wound healing. SEM examination coafirmed
that the structure of the mycelia hypha was disintegrated
and would not stain with PAS. Generally, polysacchar-
ides with 1.6-linkage can be stained by PAS. The
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Fig. 3. Photomicrographs of the wound area and its surrounding tissue covered with gauze at diferent time intervals.

disappearance of the stainability of Sacchachitin
membranes covering the wound indicates that this type
of polysaccharide had disintegrated and been released. [t
is possible that the release of these substances can play an
important rofe in the promotion of wound healing.

[n order to determine which substances are respansible
for the acceleration of wound healing, fibroblast cells, the
main component of the dermis. were employed to com-
pare the effect of several materials on their proliferation
and migration. The results in Fig. 6 show that the prolif-
eration of fibroblast cells was observed with both of
0.01% w/v Sacchachitin and Beschitin on day 6. Never-
theless, no sign:ficant effect on the proliferaton of fibro-
blast cells was noticed unul day 9 for 0.01% w/v N-
acetyl-p-glucosamine and dexcetylated Sacchachiun.
It demonstrated that there is no difference for 0.01% wiv
B-glucan compared to the control. The same results were
obtained no matter which method was used for counting
the number of cells.

The effect of different concentrations of these soluble
materials on the proliferation of fibroblast cells was fur-
ther examined und the results are plotted in Fig, 7. At

a concentration of 0.03% wrv, N-acetvl-0-glucosamine
and deacetylated Sacchachitin were able to promote the
proliferation of fibroblast cells by day 6, whereas this did
not occur unti] day nine for f-glucan (Fig. 7a). When the
concantration of f-glucan was increased 1o 0.1%% w/v, the
proliferation of fibroblast cells occurred by dayv three.
whereas the proliferation was ohibited with N-acatyl-p-
gtucosamine and deacerylated Sacchachitin (Fig. Tb).

In 1994, Chung et al. [13] reported that chitin isolated
from the cell wali of some melds at a concentration of
0.01% w/v was shown to promote the proliferation of
fibroblast cells. The same results were observed in this
study. [n 1987 [16] and 1992 [17], B-clucan was reported
to be capable of promoting cell proliferation and macre-
phage function. However, the promotion of the proli-
feratca of fbroblast cells was not observed until the
concentration of f-glucan wus increased ubove 0.05%
wj/v in this study. On the contrary, increasing the concen-
tration of N-acetyl-o-glucosamine und deacetylated Sac-
chachitin to 0.1% w/v resulted in inhibition of fibroblast
cell proliferation. In 1994, the sume phenomenon was
observed by Richard et ul. [13]. Promotion of the
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Fig. 3. Photomicrographs of Succhachitin membranes covenng the
wound (A} immersed in phosphate buffer sotution (B} stained by PAS.
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Fig. 6. Comparison of the proliferation of fibroblast cells induced
by the addition of several differsnt materals at a concentration of
0.01% w/v in the incubation medium, {*: 2 paired 1-test of significant
difference with P < 0.03).

prolifecation of fibroblast cells has been attributed to the
positive charge carried by chitin increasing the adhesion
to the cell surface at lower concentrations. However, the
interference of cell membrane function by the adhesion of
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Fig. 7. Compansen ol the proliferaton of fibroblast celis induced 5¥
the additen of soluble matenals at a coacentration of (A) 0.03% or 18!
0.1™ w/v in the incubation medium, (*7 3 paired ¢-test of sigmiticant
difference with P < 0.0

PR

chitin leading to the death of cells was observed at higher
concentrations.

Fibroblast cells controlled at the Go/G, phase by
aphidicolin were employed in two ways 0 estimate the
extent of migration induced by different materials at
a constant concentration of 0.01% w/v. In estimating the
extent of migration across the central line in this study, it
was found that Sacchachitin and chitin were able to
promote sxtensive migration of fibroblast cells after the
3rd day. No difference in f-glucan from the control
was noted, These results are shown in Fig. $A. Simifor
results were observed in the migration study as est-
mated by counting the number of cells growing along
the interface betwesn the layers of agarose and the
materials from the center hole in the medium (Fig. 8B).
The only exception was that the cells migrating aiong
the chitin layer were found to extract their peus-
dopodium and tended to die. Both results demon-
strated that Sacchachitin membrane was able to promote
the migration of fibrobiast ceils and act as a guide for
cell growth.
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she addition of soluble materials at 1 concentration of 0.1%% w/v in the
‘ncubation medium. [*! 1 paired r-test of significant difference with
2 < Q.03

4. Conclusions

Sacchachitin membrane is able to promete wound
healing by inducing ceil proliferation. A mild acute -
dammartory reaction attracted a large number of poly-
morphonuclear lenkocytes and seme macrophages (o
clean away debris and blood clots. Also the secretion of
cell cytokines and growth factors by these cells provided
an excetlent environment for wound healing. The migra-
tion of §broblast cells, which was promoted by Saccha-
chitin, also plays another importaat roie in the acceleration
of wound healing. Optimally, the performance of Sac-
chachitin membrane as a skin substitute is comparable to
the commercial product Beschitin. Further studies on the
physical characteristics of the membrane, such as its air
permeability and mechanical strength, would be valu-
abie.
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INTRODUCTION

ABSTRACT

The effect of SACCHACHITIN membrane, a skin substitute prepared from the
residue of the fruiting body of Ganoderma tsugae, on wound healing was evalu-
ated in this study. Two mirror image wound areas were excised on the back of fe-
male Wistar rats by dissecting a 2.0 x 2.0 cm? skin area of full thickness. SAC-
CHACHITIN membrane was placed randomly on one of the wounds and gauze on
the other. Changes in the wound area were examined after a predetermined amount
of time postoperatively, Histological examination of the wound and surrounding
tissue was also performed but only on the 4%, 7%, and 16™ days post-operation.
The interaction of tissue with the dressing was evaluated by the implantation of
these 2 materials. The results show that the wound area covered with SAC-
CHACHITIN membrane was statistically significantly smaller than that covered
with gauze for all time points measured. Histological examination revealed that
SACCHACHITIN membrane induced mild inflammation and stimulated aggrega-
tion of polymorphonuclear leukocytes around the margin of the wound. The large
numnber of macrophages and giant cells which infiltrated into the wound area cov-
ered with gauze indicates a response to a foreign bedy.

minimized, body temperature is maintained, infection
of the wound area is controlled, and pain is relieved.

One of the most urgent goals in the treatment of  Optimally, when the wound-healing process is accel-
skin trauma is to provide an effective way of protect-  erated, the original appearance and functions of the
ing any surface exposure.of the skin, By covering  skin can be restored. Nowadays, the major method of
with a suitable wound dressing, loss of body fluids is  treatment is skin grafting. However, the source of the
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skin and the cost of the medical treatment are prob-
lems that still neéd to be resolved. Substitution of
skin with different materials as dressings appearsto be
an alternative choice.! Chitin (polymetic N-acetyl-D-
glucosamine) is well known for its wound healing
characteristics and has become one of the most impor-
tant wound dressings in recent years.* Dating back
to 1970, Prudden et al. demonstrated by their standard
technical assay that chitin possesses an excellent ac-
celeratory capacity for topical use, which was defi-
nitely superior to that of cartilage.® As a result, a
whole new era was opened up for studying the wound-
healing ability of chitin isolated from crab shell.1% A
product made of chitin from crab shell under the trade
name BESCHITIN® W has been marketed by the
Morihita Resere Co. of Japan.

Ganoderma tsuage, whose Chinese name is Ling-
=hi, has long been an important member of the medici-
nal fungi used in the Asian area, including Taiwan and
Japan.'"> However, after hot water extraction of the
water-soluble fraction of Ganoderma, the resulting
water-insoluble part (more than 90%) remains unused
and is treated as waste. Recently, the mycelia compo-
nents of Ganoderma were analyzed and revealed to be
40% chitin with 60% B-1,3-D-glucan.!® Therefore,
the possible functions of B-1,3-D-glucan and its syn-
ergetic effects with chitin could possibly make it an
ideal biomaterial for use in wound dressings. In addi-
tion, since the extracted waste from Ganoderma con-
tains the fibril structure of mycelia, it could be directly
knitted into a membrane without requiring dissolving
and fibril separation processes. The potential useful-
ness of this biomaterial as a wound dressing and its in-
herent- advantages encouraged us to investigate its
possible effects on the wound-healing process.

MATERIALS AND METHODS

Materials

The residue of the fruiting body of Ganoderma
tsugae, a generous gift from a factory in Natuao, Tai-
wan, was collected after hot water extraction twice.
Ketamine HCI was supplied by Sigma Co. (St. Louis,
MO). Pentobarbital sodium was purchased from Sieg-
fried Zofingen (Switzerland). Female Wistar rats,
weighing from 300 to 410 g, were obtained from the

Animal Center, National Taiwan Univ. Analyticai-
grade reagents were obtained from Merck Co. (Ger-
many).

Preparation of the SACCHACHITIN Membrane

The purification of fibers to form the SAC-
CHACHITIN membrane followed a similar proce-
dure to that reported in a previous paper.'* The fibers,
with lengths ranging from 10 to 50 pm, were collected
and dispersed in deionized water to form a suspen-
sion, which was subsequently filtered. The mem-
brane formed on the filter paper was then freeze-dried
(EYELA, model FD-5N) to obtain a porous mem-
brane with a diameter of 7 cm and thickness of 0.1 to
0.2 mm for the following studies. The chemical con-
stituents of the final product were determined to be
40% N-acetyl-D-glucosamine and 60% [-1,3-D-giu-
can. The membranes were autoclaved and kept under
aseptic conditions until use.

Wound-Healing Studies

Prior to the study, rats were anesthetized sepa-
rately with ketamine (35mg/kg) and pentobarbital (12
mg/kg) dissolved in water for injection via the ab-
dominal route. The dorsal and abdominal hair of the
rats was removed with an electric razor. The method
proposed by Kaufman was followed ta prepare skin
trauma.’® Two equal mirror-image areas were marked
in between the 12'" rib and iliosacral joint on the dor-
sal area of the rats and 1 ¢m from the spinal cord. Two
pieces of full-thickness skin, each with a surface area
of about 2.0 x 2.0 cm?, were excised. The method of
excision was similar to that reported by Smahel et
al.'® The depth of the excised area was as deep as the
panniculus carmosus. Afer cleaning off the blood
residues with gauze and 0.9% saline solution, one of
the lesions was randomly chosen and covered with
cotton gauze for comparison. The other side was cov-
ered with a SACCHACHITIN membrane as prepared
above, being equal in size to the cotton gauze. Both
dressings were hydrated with 0.9% saline solution to
promote adhesion of the dressings to the wound sur-
face. Treated rats were placed in individual cages with
an air-filtering device in a temperature range between
22 and 28 °C with no humidity control. ‘

After surgery, changes in the area of the wounds
were measured on the 4%, 8% 12t 16% and 20" days,
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after which fresh dressings were applied. A modified
method of Nangia'’ to calculate the wound area was
employed. Generally, the outline of the wound area
was marked on a transparent piece of paper and then
transcribed to another piece of ordinary paper.A hand-
held scanner (Proscan Gray) was used to capture the
image, and data were stored as a monochromic BMP
file. With proper adjustment, a computer program
written with Visual Basic was employed to calculate
the wound area so obtained. A total of 15 rats was in-
cluded in this study, and results were reported as
means with standard deviation. The statistical signifi-
cance of any differences was analyzed by paired Stu-
dent’s f-test. Another 8 rats were treated by the same
procedure as that above except that the wound area
was not measured until the 12" day. The results were
also examined by paired Student’s #-test. This served
as a basis for examining the effects of mechanical in-
jury on changes in the wound areas due to dressing re-
placement.

Histological Analysns

On days 4, 7, and 16, one of the 15 rats from the
above study was sacrificed with pentobarbital (100
mg/kg). Lesions with the surrounding tissue were ex-
cised in a deep-V manner. Specimens were then fixed
in 10% formalin for 24 h and embedded in paraffin.
Sections of appropriate thickness were sliced and ex-
amined using a Hitachi model $-2400 SEM.

Implantation

Implantation proceeded according to a modified
method of Peluso.'® All animals were anesthetized in
the same way as described above for the relief of any
suffering due to pain during operation. Autoclave-
sterilized SACCHACHITIN membranes and gauze
were separately implanted into the dorsal area of rats
on 2 opposite sides of the spinal cord (in between the
12'" rib and iliosacral joint, with a depth reaching the
panniculus camnosus). The lesions were then sealed
with 3-O nylon sutures. Rats were kept in individual
cages and sutures were removed on day 7. On day 14,
the implants were excised together with the surround-
ing tissuc. Specimens were fixed in 10% formalde-
hyde for 24 h and embedded in paraffin.Sections of
appropriate thickness were then sliced and examined
by both light microscopy and scanning electronic mi-

croscopy (Hitachi model S-2400 SEM).

Scanning Electronic Microscopy (SEM) Examina-
tions

Specimens were dried by immersion in a series of
aqueous solutions of increasing alcohol content, fol-
lowed by critical point drying using liquid CO; as the
transfer medium. Dried samples were then loaded
onto aluminum studs and ceated with gold for 3 min at
8 mA under a pressure of 0.1 torr. The samples were
scanned and examined using a Hitachi model §-2400
SEM.

RESULTS

Changes in the wound area covered with SAC-
CHACHITIN or gauze were estimated on days 4, §,
12, 16, and 20. The results were plotted as shown in
Fig. | and demonstrate that the areas of wounds cov-
ered with SACCHACHITIN membrane measured at
the above time points were significantly (p < 0.05)
smaller than those of wounds covered with gauze. Ef-
fects of mechanical injury on the change in wound
area due to the replacement of dressings were exam-
ined and the results are shown in Fig. 2. Comparison
of the wound area measured on day 12 with the corre-

=7 — SACCHACHITIN
- Gauze

Waoumd Area (cmz}

Time {d)

Fig. 1. Comparison of wound area changes between
that covered with SACCHACHITIN mem-
brane and with ganze at different time inter-
vals. (*one-side paired r-test for significant dif-
ference with p < 0.05).

Fungal Mycelia as Skin Substitutes

NTIM 1999; 1: 31-39 33



sponding data demonstrated no statistically signifi-
cant effect of mechanical injury on the change in
wound area (p > 0.05). This clearly indicates that any
change in the wound area was not affected by me-
chanical stress imposed during the study, and that the
data solely represents the difference between covering
with SACCHACHITIN membrane and with gauze.
Wound healing was thus accelerated when SAC-

30
W SACTHACHITIN
- A Gauze

Wound Area (em?)

Surrounding area

Newly lormed area

Whole woynd area

Fig. 2. Comparisons of the change of whole wound
area, the area of newly-formed epithelia, and
the surrounding area between that covered with
SACCHACHITIN membrane and that with
gauze on the 12 day. (*one-side paired /-test
for significant difference with p < 0.03; # two-
side paired r-test for insignificant difference
with p = 0.05)

CHACHITIN membrane was used to cover the wound
compared to when gauze was used.

Histological examination of the wound tissue was
conducted on days 4, 7, and 16. On the 4™ day (Fig.
3a), a layer of exudate composed of polymorphonu-
clear cells and fibrous protein was found to have accu-
mulated beneath the SACCHACHITIN membrane
covering. Many new blood vessels had formed in the
area close to the surface of the lesion, as well as under-
neath the newly growing epithelia. Inside the larger
blood vessel, red blood cell stasis and margination of
white blood cells were observed. A significant num-
ber of macrophages were present around the wound
area. These phenomena indicate an acute inflamma-
tory reaction and formation of granuloma granulation
tissue. Fig. 3b shows similar phenomena for the
wound area covered with gauze, except that a smaller
amount of macrophages was observed.

By day 7, the growth of granuloma granulation tis-
sue had become more apparent, and the presence of
polymorphonuclear cells was observed in wounds
covered with SACCHACHITIN membrane. Celf
densities were higher and the matrix materials in the
extracellular region had decreased. A photomicro-
graph is shown in Fig. 4a. In Fig. 4b, the existence of
granuloma granulation tissue can be observed but not
very clearly. In addition, the cell density was corre-
spondingly lower in the wound covered with gauze
compared to that covered with SACCHACHITIN
membrane.

(b)

Fig. 3. Photomicrographs (x 100) of the wound area and its surrounding tissue covered with either SACCHACHITIN

membrane (a) or gauze (b} for 4 days.
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(b)

Fig. 4. Photomicrographs {x 100) of the wound area and its surrounding tissue covered with either SACCHACHITIN

membrane (a) or gauze (b) for 7 days.

Figs. 5a and 5b show the results of the wound-
healing process on day 16 when covered with SAC-
CHACHITIN membrane for regions closer to and
away from the center of the wound, respectively. The
differentiation of the epithelia appeared to be quite
good. A gradual change in the dermal region of the
wound area was also observable: the closer the region
to the center of the wound, the less the extent of differ-
entiation of the epithelia observed, and granuloma
granulation tissue appeared to be more obvious. Even
then, the presence of mast cells fused with polymor-
phonuclear cells was observed; and in regions more

(2)

distant from the center of the wound, the epithelia
were well differentiated and a fibrous structure had
formed with an abundance of matrix materials present
extracellularly, On the contrary, granuloma granula-
tion tissue was hardly observable on day 16 when the
wound was covered with gauze (Fig. 6a). Only a
small amount was found in the epithelia of regions
closer to the wound. The dermal region had no mast
cells and its major components were fibrous cells and
extracellular matrix (Fig. 6b). However, the amount
of extracellular matrix and level of cell density ap-
peared to be lower compared to those observed with

®

Fig. 5. Photomicrographs (x 100) of the region close to (a) or away from (b) the center of the wound area covered

with SACCHACHITIN membrane for 16 days.
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SACCHACHITIN membrane.

DISCUSSION

In 1977, Raju ef al. suggested that an intense in-
flammatory response as a result of wound infection
may greatly promote the differentiation of granuloma
granulation tissue leading to better wound healing.!?
Franz et al. also discovered that a fetus wound in-
fected by bacteria caused the same healing response as
that observed in adults with the formation of a scar.?
Although excessive inflammation Jeads to the death of
tissue and a delay in wound healing, it is still recog-
nized as beneficial to the body itself. It has been dem-
onstrated that an appropriate inflammatory response
can expel tissue debris, clean away forcign sub-
stances, minimize the chance of secondary infection,
and promote the repair of tissue.2'?* In the implanta-
tion study, an acute inflammatory reaction in the tis-
sue was observed when the lesion was implanted with
SACCHACHITIN membrane (Fig. 7a). It is believed
that SACCHACHITIN membrane induces a similar
phenomenon as a minor infection in the wound. This
complies with what has been observed with the effect
of SACCHACHITIN membrane on wound healing:
on day 4, histological examinations revealed many
more macrophages in the wound tissue. This was
even more apparent on days 7 and 16. Furthermore,
polymorphonuclear cells fused with macrophages
were also apparent. This phenomenon of an acceler-

(a)

ated wound-healing process is similar to that observed
with the use of 20% benzoy! peroxide suspension®’
and also to that reported for chitin in the literature.’

Tn 1960, Prudden ef al, discovered that cartilage
was able to accelerate wound healing.5 Furthermore,
N-acetyl-D-glucosamine was shown by the same
group to be responsible for acceleration of wound
healing by chitin. Since SACCHACHITIN mem-
brane is composed of 40% chitin and 60% P-1,3-D-
glucan and a similar effect was observed in the wound
healing process as with by chitin, its main mechanism
of accelerating wound healing most likely can be at-
tributed to its chitin component. Nevertheless, $-1,3-
D-glucan itseif is a strong activator of macrophages
and is capable of attracting polymorphonuclear white
cells.Since activated macrophages are known to ac-
celerate wound hea!ing,26 the important role played
by B-1,3-D-glucan can not be excluded.

Compared to SACCHACHITIN membrane, the
macrophage reaction to foreign substances was the
main response in the implantation study with gauze.
Nevertheless, a smaller amount of macrophages was
observed in a histological examination of the wound
tissue covered with gauze. The main reason for this is
still unclear. A possible reason is that a layer of thick
crust, which was formed from the exudate secreted by
the wound during an earlier stage, effectively pre-
vented contact of the gauze with the wound.During
the healing of the wound, the crust together with a ma-
jor part of the gauze detached resulting in them not be-
ing recognized as a foreign substance (Fig. 7b).

®)

Fig. 6. Photomicrographs (x 100) of the region close to (a) or away from (b) the center of the wound area covered

with gauze for 16 days.
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A larger amount of exudate was found accompa-
nying the wound when it was covered with SAC-
CHACHITIN membrane. Furthermore, since chitin is
able to attract an accumulation of polymorphonuciear
white cells, a biue layer composed of cells involved in
acute inflammation was found underneath the SAC-
CHACHITIN dressing on day 4 during the implanta-
tion study. It appears likely that chitinase released by
dead, active, or disintegrated granular white cells
might be responsible for the disintegration of the
SACCHACHITIN membrane. The debris from this
disintegration was possibly eliminated mainly by
macrophages. Along with drying of the wound, a so-
lidified crust gradually formed and blocked the SAC-
CHACHITIN membrane at the edges. Therefore, the
main influence of the SACCHACHITIN membrane
on the wound might be during the first few days. Fur-
thermore, the disintegration of the SACCHACHITIN
membrane by granulocytes might be a potential rea-
son for the acceleration of the wound-healing proc-
ess.?

Except for controlling infection and eliminating
dead tissue, granulocytes have no obvious influence
on the wound-healing process.”® In a study on com-
paring the effect of GM-CSF and G-CSF on wound
healing, GM-CSF simultanecusly increased the num-
ber of both granulocytes and macrophages resulting in
an acceleration of the wound-healing rate. Although
G-CSF increases the number of granulocytes, it has no
effect on the number of macrophages or the wound-
healing rate.?® Furthermore, for those patients with a

low white cell count, the tolerance of wounds to ten-
sion during the healing process was found to be main-
tained normally. On the contrary, it has been recog-
nized that macrophages play a more important role in
the wound-healing process.2'?7303! Not only are
they involved in phagocytosis of foreign substances
and the expression of antibodies, but secretion of cy-
tokines by macrophages can also influence several
different kinds of cell function. In the implantation
study, an abundance of macrophages was found in the
wound area covered with the SACCHACHITIN
membrane. It would thus be reasonable to assume that
the healing effect of SACCHACHITIN membrane on
the wound was due to the activation of macrophages.
The literature provides further evidence that chitin is
able to activate as well as to enhance the function of
ma-crophages.'®32 In addition, it has been shown that
chitin influences the epithelial cells of blood vessels,
lymphocytes, fibrous cells, and the secretion of eytok-
ines. Since the SACCHACHITIN membrane is simi-
lar in terms of chemical structure to glycosaminoly-
cans, it may serve in guiding the reconstruction of the
connective tissue.?* All in all, the accelerating effects
of SACCHACHITIN membrane on the wound-heal-
ing process can be aftributed to an integrated response
of all'these functions.

CONCLUSIONS

In conclusion, a minor inflammatory reaction to-

Fig. 7. Photomicrographs (x 100) of an acute inflammation response of the wound area to SACCHACHITIN mem-
brane (a).and a foreign substance reaction of the wound area to gauze (b).
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Evaluation of Chemical Properties of Mlembrane from
Ganoderma

How Tseng, Jyue-Lin Lu!', Ch ing-Hua Su’

1. Graduate Institute of Medical Sciences & Researclt Center forBiomedical Materials, Taipei
Medical College. 2. Researclt Center for Biotechnology, Taipei Médical College

Ganoderma, an important member of medicinal fungi, has recently been
extensively studied for its biological activity and commercially marketed as healthy
Usually, after removal of the water scluble fraction by hot-water extraction,

food.
the remaining water-insoluble part, mycelia fibers, (more than 90%) of Ganoderma

was discarded.
The structure of myeelia fibers is relatively complicated comparing with most

polysaccharides. Mycelia fibers are composed of b-1,3-glucan and poly (N-acetyl-
b-D-glucosamine). Both b-1, 3-Glucan and poly (N-acetyl-b-D-glucosamine) can
be absorbed and metabolized in our body. Pudden had demonstrated that poly (N-
acetyl-b-D-glucosamine) has a beneficial effect in the wound healing. Moreover,
aligo (N-acetyl-b-D-glucosamine), the enzymatic hydrolysis intermediate from

poly(N-acetyl-b-D-glucosamine), has been shown to have a high adjuvant capacity.

Su et al. have previously demonstrated that the skin dressing prepared from mycelia
The properties of

fibers, exerts a strong enhancement effect on wound healing.

biodegradation, attractive biomedical material for medical uses than other synthetic

Taken together, these findings suggest that mycelia fibers might be
However, there is not

materials.
used as the biomedical material for making skin substitute.

any solvent system suitable to dissolve mycelia fibers so far for the purpose of
processing,.

Since the chemical property of mycelia fibers is most partially similar to chitin,
the same knowledge from our understanding in sacchachitin can be attempted to
Most of the

find the solvent system suitable for processing mycelia fibers.
previously found solvent systems for chitin would induce molecular degradation
In this

except lithium salts/amino-containing solvents and calcuim salts/alcohol.

investigation, we wiil apply the technique of casting to develop a facile type of

sacchachitin membrane from the sacchachitin dope, which will be prepared with
We believe that

mycelia fibers dissolved in metal salt/amine-containing solvent.
the success of this study will provide a very valuable new biemedical material for
clinical use. :

Key words: Ganoderma, sacchachitin, membrane, biomedical material, binary solvent

system
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Skin Substitute and its Solubility and Mechanical Properties

Shu-Ching Lin  Ching-Hua Su How Tseng ™
Graduate Instituie of Medical Science,

Taipei Medical College, Taipei, Taiwan, R.O.C.
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FetE-2 (BHE3A)
g - BRGE

— - RREHIBME
FEZ LG BRI ER 0,03 52 » B4 12N HCY AO#RE 100°C
BREE S/NREE - BIIAEBRERUBERIREG  RERER
T 10ml > WLISHEEES (Pore Size: 0.4 um)@iEEEE -

— - HPLC #9{%(%F
EHE © CHO-620
FE 2 0.5 ml/min
B 1 900°C
77 © 33kg/cn?
| * 32X

M D-glucosamine

= faR
MR DT 2 & et
1 36042 Ganoderma tsugae 37.9
2 36064 Ganoderma sp. 34.1
3 36124 Ganoderma lucidum 52.3
4 36144 Ganoderma lucidum 57.7
! 5 36146 Ganoderma resinaceum 41.5
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6 36147 Ganoderma resinaceum 35

7 36152 Ganoderma mirabile 34.5
8 Ganoderma australe 49.4
9 36041 Ganoderma luctdum 25.2
10 36049 Ganoderma neo-japonicum 51.7
11 37053 Ganoderma lucidum 48

12 36065 Ganoderma tsugae 47.9
13 36066 Ganoderma australe 30.5
14 37067 Ganoderma fornicatum 51.9
15 36087 Ganoderma subamboinense 47.4
16 36125 Ganoderma licidum 44 .2
17 36128 Ganoderma australe 44.7
18 36145 Ganode rma weberizaum 39.6
19 36159 Ganoderma pfeifferi 48.7
20 Rhizopus stonifer 51.8
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FErE-3 (EE)
AR 3 A= N
ﬁ%%—@ﬁ%%%%ﬁﬂ@ﬁ%’%ﬁﬁéwiﬁ
BB BRTS S EREAYDERREE N EN - B
BEHEBREKUTBEENRTR  BZHRY TR KSR
RS IEAE(BIE 0% ZBAY  EMBENSE®REM X
TR ZHWEARNERE - EMBERHB-1,3Glucan
poly(N-acetyl- B-D-glucosamine)Fi#E K « $-1,3Glucan F
poly(N-acetyl- B-D- glucosamine)Z 8] # A BB g U L3 -
< B » Pudden E2#BFE AR poly(N-acetyl- B-D-glucosamine)
FRIBERLEEZFNUE  WHELEH poly(N-acetyl-
B-D- glucosamine) /K fZ FT & £ #9 oligo(N-acetyl- B-D-
glucosamine) B B & 5 R IE B /5 7% (adjuvant capacity) o
RFZAERHEEREMBEEFEE RO ER LW I EE]
GHRERLAMBERONUERE - EWHRHEE > Rk > BE
ﬁ%ﬁ%ﬁgu&&%%%%%@%%ﬁ@%ﬁ%*ﬁ@
HMERM BRI ANEYEENE - B E098%R
BMENEREETUBEREFEENAR YN EDES
M - RMBATSIELRE —EESNBE LS RE #
Mg ERMELEESERRE -

HREREENLEEEEBREAU, UM RERN
TR BEIUNE - ETHEREEERNER - RT
EEFRERARPTNMAEZBEUREEIMASEE N
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RS R T EERENSEEEEERBETTE
MWk  HFEREBABHITINMAEBEE=ZERY
LiCl/DMAcC(N,N-dimethylacetamide)  LiBr/DMAc LA K LiCl/
DMAc/NMP(N-methyl 2-pyrrolidone)E LA LiCl/DMAc & &
HiERE - FEHABEEBERTNASEN AR RKER
EFERENEBER - £ &8 KT MINO(N-methyl
morpholine N-Oxide) AR E—BEE NN S EEEE - 7£i8
EFHES  BRAEERB—ETLNERBRERBERIE R
% BTEIEEBEM > FFi#HE LiCl/DMAc - 58 /EEE
DR MMNO FEHN—EEANEE - EHRBEGEEREL
BT U RE/RPENRMAEENR S ERET 1A
WEGEER LB IS TS EE O REY KA
% o

HEETRE LGS, TENES CEANERTE
EEAENYELERE  RARSETAREBNRE,
EEETHETRMNEREE S EN A S T S
18 V58 - FE T 40 B TE 2 B R R 0O B 4R P B R B T BE A K
BENE S B AR K E s B R
HBEEZEHRE - RAIFTEBIN SR Pruden 78 1970 FIEE
MER—-F HEOAE-FEESRRMTRENS B
HEE RS UREEEATRERL  EEEERSA
BEY > ASEBSHERTEAREBORS (FRAKE
RNE S EEER GRS RN CEEENES - £EH
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B RMCKEIRBELEZN - SHHEE - BFRS
FRYEE  HREMBERENEEEURNE  FFURMTL
REEMBHEOEREAR LAMBHLEIEETEH -

B - R %

BTIAEREIEMBENSRAY It A RRESE
MEBBRNERTEL D FENEE -BSE A EE
L1C1/DMAc > CaCl,- 2H,0/MEOH I MMNO B 2 EMTIE R 1 >
ummmCE@%E%@%%%ﬁ—@@@’%%ﬁﬂ&%

EdK - ANENFBROYELEE 8% RASKES

Hocasting WERTHENLE VELCEESEEE -

CaCl, - 2H,0/MeOH B B i i 4 OIS BRBE 170 8 W 48 5
EMBERGULEE GBS R E ks - B EE
BETHEAENE  EVBLEREHERIE - 4=
WEFHE  ARNSERESEWIRNEMYBER R
ELTETFTENESE -

B ZHELH KA Sacchachitin HE —FE &M
Tokura EENMEHEMMBENERRESFRFE  —&
ﬁ%%%?’f 135°C P F5 4 3hrs B S0%HY NaOH Z B4k - LiCl
EEAREEER T HEE 185°C # 1% » DMA 70 DMF =&
RAFEBNIA Call BT EE U RFEME Lynde Type 4A
molecular sieve 1 « ENHEMABETRFLHEHALT -
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— ~ LiCl 7F DMAc FFHYBEE -

TE—{EEE T AA 35ml # DMA ~ 2.5g B LiCl » ;EEIE
SYEE T0°C THE—/NEF  HUEBREE /I > REH
LREVGHIEERJRALMTHEMABER 0.252 REF—
IO E 70°C FE -+ /K I BB - IBEERE 0°C-5°C
S EEREFE /R EZBEMEE 70°C it
B WtR/ I\ RRETRIEFNEEER

— ~ LiCl/DMAc R E AR HERY B BE

1 6wth (g ¥ DMAC))R B Z BE A A LiCl/DMAc & »
INZRE 70°C A # - Frf 18 /e > BEIEE 0°C~5°C [ iE
Wi FEEMERE T BB 70°C WA -
AN BN NS HARETR

= RE:

. ABELESRETE L  BEOBERE  BE 3000rpm - 10
valk- i

2. BOB BLEWREE TETEBYBECRRESE
BB LEB®RSN - KBNRFREZR » &
EHERE SR ERAE -

3. BER 2 P EER—FAAEERZSEMUERE GF
% B89 DiiAc #hEH) + —IIAESE -

4, BiE=ZEHYEB RS 318 A Acetone » Ethonal R&uK » #
fE U E R ER - BT casting s & °
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m
!

5. MFER 3 PHENEAREERERLE  BUBEZEAHE
 casting » DAEAREEAI HE2MHH - |

6. #F casting BREVBRBERIEERMAF Ethonal K&
BES > WATRESRER  PE=SE -

7. BB 6.2 sample N - lLFEE Acetone WHEBE S »
TR R RENIE R HE=HE -

8. BHER 7 & sample B - RAB KWERBREF » 58
BE— -

9. MFRECABAWEERBRE  BEKBRAKKEFH
=,

10. EE S B 6~9

P DAY K AN BT RG  e f m BU R B - DL LiCl B DMAc »

12. BLAZA B /KT ER -

13. AR g/ K B 8N EF -

4. BB S Z W IEAEEE K » A AgNO3 » MBI 2 HhE
LiCl WEFE -

1S, LU 85 SR B T -

16. BREE -

ZIIEEREE
HEEMKIELES  BEAIMETLUEIEH#SR
HELDESBENBEER T FENRE - HSEEER
BRES LiCI/DMAC Y E T BENGEEHEEENNE,
A EEARBEENREEMBEZEET LIC1/DMAC B85
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RE - HAlEmRELT -

1 X%LiCl/DMAC(X=1,2,3,4,5)+6%E Z 78 » BRI NEL -
FHREE 4 K

B0 MBS Sanple

BUEER Sample fEEIL » KHEREE

IR EZ LiCL/DMAC R - #ith 5 & T RIS/ E
Sample

6 LIFEFTEIE % Sample BIRSE

7 ETEL Sample IAEBEHE

8 MFEEHBEENMEE (B— - )

L . L 'S N o

MATBBHBIIE HEWT -

I. BEEH Acetone (ISP RV EZ ZEUEBEHELLE 7: 1) H
ABMI LA T8 -

2. MBEIAEZZENE -

3. PR IVBHRE D (FELE | (EMLL Acetone PRI
s — B - |

4, BRI -

5. B methanol JMAFER 4 B LEF(EEELENTE
) LR EFEXKBRE®E  ELELL -

6. EfH - & EEBWHEE -

7. Bl AWK BESES 6
F o~ NMR #lE -

BREBHE > RERBTRORREAEEBETL
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AR DLESAERBERE N EERE -

75~ MR JTEIE
1. HEEMNTEHER - ..
2. BEEIR 10mm EAY sample B & LH7 150 E# (Shimazu
Autograph) °
3. SAEAER > SEELL 0. Smm/min B9 E R ER JEIE -
4. FERIFEHEA load cell b BR EAEEHL  BF L load cell
1% BRI
5. EO&#Hr STl T AY max-load » max-displacement * max-

stress & max-strain-e
+ - M ETEEIE (MTT Assay)

L. B2 105 BESHR LS well MA02EA - &
“EABKEE 5% MBEITCT 0 B8 24/ -

2. LIS ZF DMEM HEBRREEBRME—X -

3. FgH > &HL0.1ml DMEM BB S AIMA well R -

. BE well 00.01 ZFF MIT salt XFE 4 hr-

. B well JOA 0.1 ZF solubilization 4 hr o

. 24 NFFRE -

. ELISA reader -

0 1 O

. recorder{(uam) °
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B ERENR
1.LiCl 7£ DMAc PR E R

2. E M TE LiCL/DMAC HHIREE R IR
3R

4. FEBER

5. 58 JT IR

EFREEFEMREBEERATZEO LE B HEE
EREEMEZEE AMRGFERAERHE AMABENE
BlgBEREGO L UEREHWRREHFHENE
B AEWENRNEEEREETHRNEEMESEREE S
B - WEEECEANIEAEREFMBEENRED
ZEE HREBRNSELANEHAERRAEY
PABE B A A B HOR - BRI
0. 2nm E X 100mm X 10mm A9 Fr AR BE LA GE(E#F 73K - sample
BRI E BB £ 3M BUHEAR BLER € sample » B sample HY
—HBA 3T°C WARBAT « H— R HBENE R RE
+ YN A E/NEE R sample O AGS-D series ¢
Shimadzu » Co » Japan BYBRSFIERZ DWIE - 38 F lmm/min BY
UREEEER sample BTHB L ErRERESNE =K
AFHBEENHEES  ERRIEREEN B ILES
BTHEZ  ERBHEEATZHRBERNRMEE TR IEME
B (H1% tensile strength shear strength LAX toughness)
RTHRIEZEHREMBEEETH strain rate UL AR
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)

BETHEE BBAGRZLABI DA BEHHAHAKREE -
BEEMEBERERAEETEEST - EBERAARRMED
ERMEE REUARBEOALS  BREEHE B
BRE REFUBREEAENEES FE—5$8 ME
RS ERAESE EEBRES - (B30 BEAE
HEBERE LWES)BTEZTH IHE strain rate
FERFEETRBERENL - DA HRFHEHEMUEYEEE:ER
BABEETEEWEBLIEERR -

Sample BYEIEEMIE NHEIE - chamber MIBEERELE
37°C» strain frequency 2 EFEM 0. 1sec' & 10sec-1,
{EIFEIBE 0.5sec”! - E ¥ DMA WRIERUIEE 0.1 R >

BIRERE 0°C F 75°C BR[HEE 0.5°C -
6. MfEE M HER
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(dL/g)

N

sp

=
T

e e
T LT
fd e
o

T

y el 3
Y

Conc. (w/iv %)

—. LiCIZEDMACcH gy #&.

LiICIRE LRE
(g/dL) (dL/g)
0.35 0.08

0.70 0.16

0.95 0.26

1.42 0.34

. 2.90 0.81
2.91 0.78

3.40 1.09

3.90 1.22

# N




(dL/g)

N

sp

Conc. (w/v %)

] 4% 4 #ELICI/DMACE

B

Conc. of LiCI/DMAc (w/v %)

5%

4%

3%

2%

0.03 1.99
0.07 2.17
0.11 2.22
0.15 2.41
0.27 2.71

0.24 0.98
0.67 1.29
1.14 1.58
1.57 1.95
1.86 2.13

0.16 0.78
0.51 0.90
0.70 0.94
1.03 1.07
1.19 1.12

0.59 0.28
1.24 0.29
2.61 0.35
4.30 0.40
4.41 0.41
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Bl
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- 200 160 120 80 40

Chemical Shift (ppm)

Bz 4 ay"°C CP-MAS NMRJERE
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FEfE-4 (FHE)
= HREN

ERBZROREREBRRAY » ARERGREBRIRA LS
b BLRABOR ARG BRI R R ER -
WAL R Z R EREBEMELERERRERIRT » BEKARE
B BE R M 1F A (cytotoxicity) - HEIWBRELEREE
(immunogenicity) ~ DA SGEE E(allergic response)EH I E—FHY
Bat - AR THETNERYTMSNEZ KEAREO
EFRERVEURYIRS - SRR A RELE 4T (cytotoxicity)
TMAEZ R R L2 B E GO E £ BRI FE (allergic
response ) K& (immunogenicy) - EMIREREZ FESHEES
Al AR FEU SRR EE TN REER -

B~ EERATELR ik

— - BEEY
E 400+50g Y wistar Z 8, -

= B
B % (Sacchachitin) SR EEEATIRME - RHWEMEBE
PR B T R SRR

=~ 8'S %
(—) TEBZ A BER MR
1. HAFERS# S E (Primary cell culture):
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B

of

SBAEREHIRE (fibroblast) HYFIRREE BR B/ CEKEE
B SR -

2. HFERRIRER TR EE:
FIAMTIT (0.5 mg/ ml) REEEZ K EMNFHSENHR
fEARIVBE -
(1) BEAHEREAYESE -
%2 ml Y 2 x 107 cells / ml BOBSERIERE » TOAE
6-well plate §5HE well &1 » 72 37°C » &% 5% CO, #yks
EAECPEEE 24 /N -

(2) BZ REHREETEE
S SR medium FRERK 1% 0.5%10.1% »
0.05% - 0.01%3HBE%E  MABZRBER (2 m) £
B well Y - BRAEBREMIER=X - Z%IA
MTT (2 ml) ZEEE well /9> FHEFE 4 /054 A 2ml
9 DMSO yafEsE g » IR ELEETEL 570 nm #Y
IR AERAEOE -

(2) -~ BREZ KPS E g R E R R EE
MAE MER TR EZ RFEITACHFERIZR
Bh BREEZREEENEENEEREGEE— S
BoRZ > BIALEES - AL - e -

(2) - BEES FRSRANEEIRLE(mmunogenicity)
1. PUERIELE: |
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%1 ml 8BS ERIER (1%) Bl complete Freund’s
Adjuvant L 111 89EEBRES - FFH KX T (subcutaneous )i &
HIAE  STAEEREA - F3 298 B I ml 28
& 7 BRYEHREE incomplete Freund’s Adjuvant DL 1:1 J5&89
BLXTURITAZERER » 183 EEH®  BiTAS=
RPURTR - [ 7 RE 14 K - BHEE BRI LET
NEAYEE: - [ARFLL PBS » Freund adjuvant only £ negative
control » AL type I collagen X type II collagen DIEIHES
#2440 positive control -

FHECER BRI 2,000 x g B0 10 538882  BL LW
HBATMSEIRIITE (serum) ZHEFT ELISA B9aAEE - FTIEE
2l MnyERIEEFE-20T -

| BB RS ST (Enzyme-Linked Immunosorbent
Assay » ELISA)

82 FRRIEWATE 0.1M Carbonate [N coating 7£
96-well plate 7 wells A RER 4°C —K#% ) A 10%
milk 7€ 37°C blocking 30 434% - Fi PBST ¥ 3 %X » JIA
F 10% milk FeR2aYI7E @ fER 4C—K » F PBST 3t 3
K& » HA 10% milk 7£ 37°C blocking 30 4348 ' FHFH
PBST ¥ 3 & H0 A 10% mik FEEEA KRB IE
(secondary antibody) (1 : 2000)» B 37°C 1EF 1 /8L
#& F PBST %t 3 X% fiA TMB 2% JIA 4N HCl
Sk -2 E - FIIFS ELISA reader 2RSHEX OD s FIRLHE -
LB LIFTIA collagen type T K collagen type Il 2 M1
positive control * L] PBS AU FHE{F negative control -
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1YY .

2 - gk

— ~ 7 f¥(Sacchachitin) KB IHIFEEHES]

LIR— XS EETREIE R 2 x 2 om? A/NERKK
B SEEEREISSES LB (Sacchachitin) RHs
(cotton gauge) * MHTFE 24 /N3 K> 7R 14 K- 18 K- 21
EAREEES FEOHFEEOEOERAD - HRBHEE
w7 Tk BEES REBOERILEES NS0 RE
MBS - TRTES 21 K BEBSREDSTEx2
#md > MEEDHNEONRMRTRRES  RLTaEL K
R RS ANEE T -

= REY B S S BT
1. T|Z 7 (Sacchachitin)fJ4534T

K HRES L RAHERFBIRETE 1% > 0.5% » 0.1% » 0.05% > 0.01%
ETFBEBZRREH=RZ » fIA MIT RJE 4 /N>
FIIF8 DMSO BREFIEE LR REESS » 78 570 nm Bk MEER
SAE - WG R R Y RS AT R O ERR U AR &
EAHIRL REE - FENR 100%BRFAERIRE TR Z R
R REBEREE RN - RZERUE 1-() Arx
B4 ES RRERTE/ R 01% (wiv) FBEC T » SNE
BHIRHER R R -



2. SRR T AEIST -

HE B SRR 1% 5 0.5% » 0.1% > 0.05% » 0.01%
FAAREC BZEMS T ERER=R%E - A MTT KFE 4
/INEF > FlIF DMSO ¥RFTEEREGEES  7F 570 nm HETF
BRI UE - RS BN T SR IR
FRELRINASS BRI S Ot - BE/INA 100%BEsrrrs:
RETHEZ SRS SEIMREE SN - Frid SR
1-(b) AR - TJAIEBZ RRIBRIE IR 0.1% (wiv) s
BT SR s -

3. MEEZIRRIST -

FHR B A RHEIEEETE 1% 0 0.5% 0 0.1% » 0.05% - 0.01%
SFNEREZ MBS ISR RIS 1A MTT FFE 4 /\i5
I DMSO SREFREEA R EEES 0 75 570 nm JBE THEIER
JE A REET SRR L ER L AN AR 2
EHRIS RIE » BN 100% BT S B T ES
BERHBESIRESEN - e EE08 1-C) T
AHIEBZ MRS/ 0.05% (wiv) BUBRES T » B
BAVBIERI R S - BREEZ & (Sacchachitin ) EH5E
ZHE T B ASMEE s BEELERS - BT ENR
T R AR B RS B T AR TR S -

= B RHNZBEAERUES

Wp '

%)



B 1% (wiv) CBZ RBRERIE TEA AT AZESE
W ME7E 24 /NRFRUR T REZEBRIRE » BRE 2 Fos
AR TN ABZ KRERIMEHIR - B 2-a RTITAR
ZRERRFIR 24 /NFFEE RIS » B 2-b BT ABE K
BIFIRIR 7 RETEREZELE - HERETEZ RRFK
BRI EATRERERRS - WEALF -

M~ B RHREZERIRESE T

%\

FERIE 3 B B KPR E BEANL TG EER
FHEEMRPE » TIBEEDS (collagen) F—RIRE —RHIHIEE
ZERBNS BTURMENIE » 5Z5LL PBS ITAEERAITNTEY
EETURTRBRIE - ESHMEEEIEERITIUR 3 X
& (BKRRERR 2 EZEHT—20 > B 14 XATRSEAImE -

STESRZ RIS - 1A 199 5 BBERHRE
B TEE A EEEOYE » EH LU IARRaaR 5
4G EME FHEE  BTEEERE S - (EEs TE0EEE
> S TENEEEEREREER - SRR SEEE
SETTERATINITED - EIEARBE S » SEREM SR
H) > BEEAE 0.05%L) FAGBE S EIEIEInEE - BRS
S TEGAERSE (B l-a- 1b) lRSHEZWE (F
) ARSI IS E R S S - MMBZE
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HR MR D BHNEIER - FJRER AT E7EE FME B BIFTE
52 3

ERBEZRRITAEERT#]  BEEZENE X%
ST ARVH G B - BESGESHRS - WHRERE R
BB LR © #HESER/ITARZ AR B BT -
A ELISA FizVAHSES Rl KA SHERRY R4 1% » T collagen type
I LUK collagen type II RIS TREABRRGREERAE -

%!jll

FERREAENS ((TGase) BEL T {EMIRES » ML -
SR - M ERL (apoptosis) RBIHEEMTHNE - ARG
H o EEDEIEHE  MRASE SSRGS SRR R
AT EENRERERESIZIEEAS cross-linking BITHAE
FKIBEWS - FrlERMeeHAEEE RS PSS
F(cell adhesion molecules) --S5AR%RG-- BOBY, - (FATLAIHEEIAH
MBS S FEE O ASERhAEN S E - AEREFA
BBRELRON TS  BETERY +TCase HFRHEEFAFE -
RIS 7 K +TGase REABEYHZEOMMERE L
iR A BT AL M IS KI5 apoptosis HFREEE » FRLIAE
BEAS 7 RATAKEEE tTGase HEHE - (BEERIFHEE
MR EERE AN IERHIMERES - PSS ROE - &
HETIETERR AR (LR -

ok B B SR A RIS A T —HE 2 x 2 om? A/NGEEI, -
SNBEB SRR SR E3R IR B4
KR 21 TN FEOSOWES  FEEBES RNREOLT
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-

KEIBSRIE - B SN E R B RARRIERAE ¥
ERIHREREERNOMR - MEMEEMEEEE
( hemopoietic progenitors) AR ETH BMER (leucocyte) HyF
El#'%ﬁﬁ leukocyte-common antigen (L-CA)BJTETE » M HELE
L-CA #REBrHiEE FrREE R (glycoprotein) » ij L-CA 8
A5 T4 T200 - B HERIAY B200 » Ly-5 K& CD45 » {fij L-CA Hi
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