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INTRODUCTION

ABSTRACT |

The effect of SACCHACHITIN membrane, 2 skin substitute prepared from the
residue of the fmmng body of Ganoderma tsugae, on wound healing was evalu-
ated in this studj:. Two mirvor image wound areas were excised on the back of fe-
male Wistar ratsi; by dissecting a 2.0 x 2.0 cm? skin area of full thickness. SAC-
CHACHITIN mf:mbrane was placed randomly on one of the wounds and gauze on
the other. Chang?s in the wound area were examined afler a predetermined amount
of time postoper%ﬁvely. Histological examination of the wound and surrounding
tissue was also performed but only on the 4, 7%, and 16® days post-operation.
The interaction éf tissue with the dressing was evaluated by the implantation of
these 2 materialis. The results show that the wound area covered with SAC-
CHACHITIN mé:mbrane 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 ponmorp]?onuclear leukocytes around the margin of the wound. The large
number of macrophages and giant cells which infiltrated into the wound area cov-
ered with gauze ‘ui:dicatcs a response to a foreign body.

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 af the

NTIM

Tel: 886-2-27361661 ext. 749
Fax: 886-2-23772150

Dr, Ming-Thau Sheu

Graduate Institute of Phanmaceutical Scicnce, Taipei Medical College,
250 Wu Hsing Street, Taipei 110-31, Taiwan, RO.C.

Tel: 886-2-37361661 ext. 605

E-mail; mingsheu@tmc.edu. tw




skin and the cost of the medical treatment are prob-
lems that still need to be resolved. Substitution of
skin with different matenals as dressings appears to be
an alternative choice.! Chitin (polymeric N-acetyl-D-
glucosamine) is well known for its wound healing
characteristics and has become one of the most impoz-
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 iwas defi-
nitely superior to that of cartilage.® As a result, a
whole new era was apened up for studying the wound-
healing ability of chitin isolated from crab shell. ™% A
product made of chitin from crab shell under the trade
name BESCHITIN® W has been markcted by the
Morihita Resere Co. of Japan.

Ganoderma tsuage, whose Chinese name is Ling-
zhi, has long been an important member of the medici-
nal fungi used in the Asian area, including Taiwan and
Japan.!1"!? 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 reveaied 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 investiéate 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 extractionitwiccA
Ketamine HC! 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. Analytica).
grade reagents were obtained from Merck Co. (Ger'
many).

Preparation of the SACCHACHITIN Membran,

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 um, were collecteq '
and dispersed in dejonized water to form a suspen. '
sion, which was subsequently filtered. The men."

brane formed on the filter paper was then freeze-drieq
(EYELA, model FD-5N) to obtain a porous mem.
brane with a diameter of 7 ¢cm and thickness of 0.] g
0.2 mm for the following studies. The chemical cop.
stituents of the final product were determined to be
40% N-acetyl-D-glucosamine and 60% B-1,3-D-gly.
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 to 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 ! cm from the spinal cord. Twe
pieces of full-thickness skin, each with a surface ares
of about 2,0 x 2.0 cm?, were excised. The method of

excision was similar to that reported by Smahel ¢

al’® The depth of the excised area was as deep as the

panniculus carnosus. After 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 ¢
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 betwee?
22 and 28 °C with no humidity control.

After surgery, changes in the area of the woun®
were measured on the 4% 8t 12% 16% ang 20 days

32 NTIM 1999; 1: 31-3%
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Jher which fresh dressings were applied. A modified
gethod of Nangia'” to calculate the wound area was
,mpiﬁ)}/ed- Generally, the outline of the wound area
«as marked on a transparent piece of paper ard then
ranscribed to another piece of ordinary paper. A hand-
neld scanner (Proscan Gray) was used to capture the
mage, and data were stored as a monochromic BMP
gle. With proper adjustment, a computer program
written with Visual Basic was employed to calculate
e wound area so obtained. A total of 15 rats was in-
;uded in this study, and results were reported as
means with standard deviation. The statistical siigniﬁ—
:ance of any differences was analyzed by paired Stu-
jent’s #-test. Another 8 rats were treated by the same
p;ocedure as that above except that the wound area
was not measured until the 12 day. The results were
also examined by paired Student’s r-test. This served
35 a basis for examining the effects of mechanical in-

jury on changes in the wound areas due to dressmg re-

| placement.

! Histological Analysis

}

On days 4, 7, and 16, one of the 15 rats from the
above study was sacrificed with pentobarbital (I 00
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 }:x-
amined using a Hitachi model S-2400 SEM.

' Im plantation

Implantation proceeded according to a modzﬁed
method of Peluso.'® All animals were ancsthetlzed 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 carnosus). The lesions were then sealed
with 3-O nylon sutures. Rats were kept in individual
tages and sutures were removed on day 7. On day 14,
the implants were excised together with the surround-
ing tissue. Specimens were fixed in 10% formalde-
hyde for 24 h and embedded in paraffin.Sections of
ippropriate thickness were then sliced and examined
% both light microscopy and scanning electronic mi-

Er——— o
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croscopy (Hitachi model S-2400 SEM).

Scanning Electropic 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 ajuminum studs and coated 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, 8,
12, 16, and 20. The results were plotted as shown in
Fig. 1 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-

—C~ SACCHACHITIN
-8 Gauxe

Wannd Arca (rm])

Time (d)

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

NTJM 1999; [: 31.39 33
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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-

3.0 =
WEER SACCHACHITIN

1 V2% Gauze
L]

+
=

Wound Area (em?)

0.0

Whole waund aréa Surrounding area Newly formed area

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

CHACHITIN membrane was used to cover the Wou:;'k
compared to when gauze was used. 3

Histological examination of the wound tissue wy,
conducted on days 4, 7, and 16. On the 4t day (Fi&
3a), a layer of exudate composed of polymorphony,
clear cells and fibrous protein was found to have acey,
mulated beneath the SACCHACHITIN membrap,
covering. Many new blood vessels had formed in th,
area close to the surface of the lesion, as well as undey,
neath the newly growing epithelia. Inside the largy
blood vesset, red bleod cell stasis and margination of
white blood cells were observed. A significant num.
ber of macrophages were present around the woung
area. These phenomena indicate an acute inflamm,.
tory reaction and formation of granuloma granulation
tissue. Fig. 3b shows similar phenomena for thy
wound area covered with gauze, except that a smally
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, Cell:
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 cotre-
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.

34 NTIM 1999; 1: 31-39

SwSun/Juan/Ho/Huw/Shes




4 AA \ A
\!" *

|
|
|
|
|
|

Fig. 4. Photomicrographs (x 100) of the wound éarea and its surtounding tissue covered with either SACCHACHITIN

membrane (&) 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 bZe quite
good. A gradual change in the dermal regionii of the
wound area was also observable: the closer the region
to the center of the wound, the less the extent ofidiffer-
entiation of the epithelia observed, and graniuloma
granulation tissue appeared to be more obvious. Even
then, the presence of mast cells fused with polymor-
phonuclear cells was observed; and in regionsi 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.

‘ungal Mycelia as Skin Substitutes
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SACCHACHITIN membrane.

DISCUSSION

In 1977, Raju e? 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 befter wound healing.'?
Franz et al. also discovered that a fetus wound in-
fected by bacteria cansed the same healing}response as
that observed in adults with the formation| of a scar.?®
Although excessive inflammation leads to the death of
tissue and a delay in wound healing, it is ?still recog-
nized as beneficial to the body itself. 1t has been dem-
onstrated that an appropriate inﬂammatoﬁy response
can expel tissue debris, clean away fo?cign sub-
stances, minimize the chance of secondarﬁ infection,
and promote the repair of tissue. 2’2 In the implanta-
tion study, an acute inflammatory reactioniin the tis-
sue was observed when the lesion was implanted with
SACCHACHITIN membrane (Fig. 7a). It is believed
that SACCHACHITIN membrane induccs%l 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 reveaied many
more macrophages in the wound tissue. This was
even more apparent on days 7 and 16. Furthermore,
polymorphonuclear cells fused with macijophages
were also apparent. This phenomenon of an acceler-

(a)

ated wound-healing process is similar to that obsewe‘d
with the use of 20% benzoy! peroxide suspension®
and also to that reported for chitin in the literature 3 _

In 1960, Prudden ef al. discovered that cartilag,
was able to accelerate wound healing.® Furthermor,
N-acetyl-D-glucosamine was shown by the Sam;
group to be responsible for acceleration of wougy
healing by chitin. Since SACCHACHITIN mep,
brane is composed of 40% chitin and 60% [B-1,3-p.
glucan and a similar effect was observed in the woungq
healing process as with by chitin, its main mechanisy
of accelerating wound healing most likely can be .
tributed to its chitin component. Nevertheless, 3-13.
D-gincan itself is a strong activator of macrophages
and is capable of attracting polymorphonuclear white
cells.Since activated macrophages are known 1o ag.
celerate wound healing,2 the important role playeg
by $-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 wag
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).

(b

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-
oying the wound when it was covered with SAC-
:' CHACHITIN membrane. Furthermore, since chitin is
(ble to attract an accumulation of pelymorphonuclear
white cells, a blue layer composed of cells involved in
scnte inflammation was found underneath the SAC-
(HACHITIN dressing on day 4 during the implanta-
jon study. It appears likely that chitinase released by
jead, active, or disintegrated granular white cells
might be responsible for the disintegration of the
sACCHACHITIN membrane. The debris from this
Jisintegration was possibly eliminated mainly by
macrophages. Along with drying of the wound, a so-
jdified 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-
hermore, the disintegration of the SACCHACHITIN
_membrane by granulocytes might be a potentiail rea-
son for the acceleration of the wound-healing {,proc-
L ess. ‘
Except for controlling infection and eliminating
' dead tissue, granulocytes have no obvious influence
on the wound-healing process.?® In a study oncom-
paring the effect of GM-CSF and G-CSF on wound
healing, GM-CSF simultaneously 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
¢ffect 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.'®3? In addition, it has been shown that
chitin influences the epithelial cells of blood vessels,
lymphocytes, fibrous cells, and the secretion of cytok-
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 attributed 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 2 foreign substance reaction of the wound area to gauze (b).
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gether with the activation of macrophages to enhance
the differentiation of granuloma granulation tissue are
the possible mechanisms responsible for the accelera-
tion of wound healing in the initial stage and for the
increased tolerance in the wound area covered with
SACCHACHITIN membrane. In several situations,
such as chronic ulceration due to DM or bedsores, it
would be preferable to have such a minor inflamma-
tory reaction. On the contrary, excessive inflamma-
tion may cause the formation of scar tissue leading to
a bad influence on the esthetic appearance (ipf the skin,
Fortunately, SACCHACHITIN membrane is just
composed principally of fungal mycelia wi;h no such
differentiation ability as with bacteria. The self-limi-
tating nature of SACCHACHITIN is anothier charac-
teristic preventing excessive inflammation since it
does not disintegrate markedly during healing of the
wound, ‘
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Abstract

In this study, Sacchachitin membrane, prepared fro¢ the residue of the fruiting body of Ganoderma tsugae, was estimated for its
effects on wound healing and the proliferation and migration of fibroblast ceils. Two mirror-image wounds were made on the back of
female guinea pigs by dissecting a 1.5 x 1.5 cm? skin surface of full thickness. Sacchachitin membrane was placed randomly on one of
the wounds and gauze or Beschitin® on the other. Changls in the wound area were measured and photographed after 2 predetermined
amount of time postoperatively. Histological :xaminaﬁion of the wound and surrounding tissue was also performed to reveai any
interaction of tissue with the dressing. The results showed that the wound area covered with Sacchachitin membrane was statistically
smaller than that covering with gauze on day 10, whereas there was no significant difference in the wound size compared to that with
Beschitin®. Fibrobiast cells from the dermis layer of guinea pigs were used. The number of fibroblast cells were counted on the
predetermined days in the culture suspended with or without 0.01% w/v dressing materiais. By layering on DMEM plates, the
number of fibroblast cells migrating across the center li’m. or outside of the central hole were counted after five days. All the results
indicated that both 0.01% w/v of Sacchachitin and chitin significantly enbanced the proliferation and migration of fibroblast cells.
© 1998 Published by Elsevier Science Ltd. All rights reserved

Keywords: Ganoderma tsugae; Fungal mycelia, Wound ?hc:ﬂing; Fibrobiast; Proliferation; 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 fibrin, an in-
flammatory response, alteration in the ground substance,
¢ndothelial and capillary proliferation and surface cover-
ing, regeneration of certain cell types, variable contrac-
ture and remodeling [1]. Healing is not complete unil
the disrupted surfaces are firmly knit by collagen. Gen-
trally, the use of a skin substitute to provide an envi-
ronment conducive 10 healing is necessary [2]. In an
¢ndeavor to develop an ideal skin substitute, the perfor-

e ——————
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mance of Sacchachitin membrane, prepared from the
residue of the fruiting 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 been employed to
study the wound healing process. The techniques that
have been employed involve morphological examination
of the wound size, histological examination of biopsied
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 D 1998 Published by Elsevier Science Ltd. 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 after 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-
uct of Morihita Resere Co. {Japan). Ketamine {HCl and
xylazine were supplied by Sigma Co. (St Louis, MO,
USA). Female guinea pigs, weighing from 38010 480 ¢
and aged from 8-10 weeks, were purchased frorn the
Animal Center, National Taiwan University.; Analyti-
cal-grade reagents were obtained [rom Merck Co.
(Germany). Deacetylated Sacchachitin was obtamed by
dissolving Sacchachitin in 45% NaOH with heating. The
resulting 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
freeze-dried to obtain deacetylated Sacchachitin, 5-Glu-
can was the alkaline-soluble fraction of the polysacchar-
ides obtained by treating the residue of the fruiting body
of Ganoderma tsugae with I N 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 1 v
NaOH was conducted at 90°C for 4 h. The fibers with
lengths in the range of 10-50 pm were then collgcted and
dispersed in deionized water to form a suspension. The
suspension was then filtered. The membrane fdrmed on
the filter paper was then fresze-dried (EYELA, model
FD-5N) 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 constituents of the final product was
determined to be 40% N-acetyi-p-glucosamine and 60%
f-1,3-D-glucan. The membranes were autoclaved and
kept under aseptic conditions until use.

2.3. Wound healing studies

Prior to the study, guinea pigs were anesthetized separ-
ately with Ketamine (35mgkg™!) and | xylazine
(5 mg kg™ ') by abdominal m}ccuon The dorsal and ab-
dominal hairs of the guinea pigs were removed with an
electric razor. The method proposed by Kau{man 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 betwecn the
12th rib and iliosaacral joint. Two pieces of {ull thlckness
skin, each with a surface area of about 1.5 x 1.5 ¢m?, 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 carnosus. 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 compari-
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 22-28°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
piece of ordinary paper. A hand-held scanner (Proscan
Gray) was used to capture the image and data were
stored as a moncchromic BMP file. With proper adjust-
ment, a computer program written with Visual Basic was
employed to calculate 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 i-test,

2.4. Histological analysis

On days 5, 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 halves to promote the ipfiltration of formalin into
the tissue. Specimens were dehydrated with a tissue
auto-treatment device (Sakura, RH-12E) and embedded
in paraffin with a Paraffin Dispenser (Shadon, Lipshow). |
Sections of approprate thickness {about 5jm) were
sliced (Sakura, IVS-400) and stained with haematoxylin
and eosin. Entellan {Merck) was used to seal the speci-
men before examination using a Hitachi model 5-2400
SEM.

2.5. Implantation

The impiantation was according to the modified
method proposed by Peluso [6]. All animals were anaes-
thetized in the same way as described above. A lcm
square of autoclave-sterilized Sacchachitin was im-
ptanted 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
12th rib and iliosaacral 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




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 a Hitachi model 5-2400 SEM.

1.6. Scanning electronic microscopv (SEM) examinations

The Sacchachitin membrane samples harvested on day
g from lesions were washed three times for 15 min with
0.1% cacodylate buffer solution (pH 7.4) containing 7%
sucrose. The samples were then fixed in cacodylate buffer
solution containing 1% OsOy for 1.5 h. After that, the
sumples 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 samp[c::s were
scanned and examined using a Hitachi model §-2400
SEM. One control sample was prepared by simply im-
mersing another Sacchachitin membrane in phasphate
puffer for nine days and a second control sample was
untreated Sacchachitin.

Part of the Sacchachitin membrane obtained from the
wound healing studies was treated with 10% N;OH to
rmove blood clots and was then cleaned with distilled
water until the pH was neutral. Membranes were f:ressed
between two glass slides and treated with 0.5% penodlc
acid fdr 5 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
wlor could be visualized on these membranes. A control
ample of Sacchachitin stored in phosphate buffer solu-
tion was also prepared.

17, Preparation of fibroblost cells

Fibroblast cells were acquired by the method ;of pri-
Elary culture. A piece of skin was isolated from the'dorsal
rea of a guinea pig and sterilized in iodine-alcohol
olution for 30 s and then in 70% alcohol for 15 s.iIt was
en cut into several pieces each with a surface area of
bout 2 mm?>. After attaching to a tissue culture dish for
min, 10 ml of culture medium (DMEM with 15% v/v
tal bovine serum, 1% v/v streptomycin) was added
lowed by storage for a couple of days in an mcflbator
anyo, MCO0175) controlled at 37°C and with 5% CO..
ibroblast cells were harvested simply by removal 0[' skin
cimens [7].

8. Proliferation studies of fibroblast cells

Fibroblast cells at a concentration of about 3x
0* cells mt~* was placed in the DMEM medium in a
tridish 35 mm in diameter. After incubation for 24 h,
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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-p-glucan. On a predetermined
day, 0.25% Trypsin-EDTA was added to detach the cells.
Abour 50 ul of cell suspension was sampled and mixed
with an equal volume of 0.5% Trypan blue. The total
number of live cells was then counted using
a hemocytometer under light microscopy [8]. A growth
curve was plotted for each matertal added to the medium.
The results were an average of replicated samples. Af the
same time of sampling, 70% of the medium was replaced
with fresh medium. On day 9, another cell suspension
was sampled and fixed with 70% aquecus alcohol solu-
tion followed by the addition of 300 pul of propidium
iodide solution (50 pg ml™*'). The number of cells in the
solution was counted for 5min by a flowcytometer
(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-p-glucosamine,
deacetylated Sacchachitn and f-1,3-p-glucan, were also
examined.

2.9. Migration studies of fibroblast ceils

Fibroblast cells (3 x 10° cellsml ™) were incubated in
the DMEM medium containing 0.2% FCS for 72h in
a petridish. Aphidicotin (0.5 mg mi~?) was added and the
incubation continued for another 24 h. About 1.2 x 10° of
these cells were incubated in a petndish 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 were
cleaned twice with phosphate buffer solution. Then,
a medium containing 0.01% w/v of various materals
{chitin, deacetylated Sacchachitin, and f-glucan) was ad-
ded. Incubation was done at 37°C with 5% CO,. The
extent of migration was estimated by counting the num-
ber of cells growing across the central line at six different
points each within an area of 600 x 600 pm?. Differences
among different materials were analyzed based on the
Student’s ¢-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 matenal 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 period of time. From the center of the hole, the cells
that migrated along the interface between the layers of
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agarose and of the test materjal were counted in six
different areas of equal size but randomly chosen
{11-12]. The Student’s t-test was used to analyze any
significant difference among the materials tested.
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Fig. 1. Comparison of wound area chapges at different time intervals
when using Sacchachitin, Beschitin and gauze 1o cover the dound.
(*: a paired r-test of significant difference with P < 0.05),

DAY 5

3. Results and discussion

Changes in the wound area covered either with Sac-
chachitin, Beschitin or gauze were estimated on days 3,
10. 15. and 20. The average change in the wound area is
shown in Fig. | and demonstrates that the wound area
covered with Sacchachitin measured at the above men-
tioned time was smaller than that covered with gauze.
However, the difference between the area covered with
Sacchachitin and that with Beschitin was not significant.
Histological examination of wound tissue showed that
new cells were apparentlv [ormed on day 10 in wounds
covered with both 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 that the infiltration of numerous polymor-
phonuciear leukocytes into the wound area covered
with Sacchachitin and Beschitin. whereas only a few
monocyles were found to have infiltrated the wound
area cavered with gauze. These results are shown in
Figs. 2-4.




The accumulation of polymorphonuclear leukocytes.
ich as neutrophils and eosinophils, in wound areas
overed with either Sacchachitin or Beschitin is a sign of
n acute inflammatory reaction. However. no bacterial
tfection was observed, indicating that both matefrials
ad a chemotactic effect on the inflammatory cells) On
' contrary, the infiltration of a large amount of mono-
¥es, L.e. lymphocytes and macrophages, into the wound
1:a covered with gauze is attributed to a type IV ailergic
taction. This is a type of rejection phenomenon involv-
i the activation of these chronic inflammatory cells
using necrosis of the wound tissue or the appearance of
isters on the skin. In 1976, it was reported that a miid
tute inflammatory reaction of 2 wound caused by injfec-
©n in the earlier stage of trauma was able to accelerate
taling of the wound and to increase the abilitj 10
lerate the tension after healing as well [13]. 1t was also
und that numerous polymorphonulcear leukocytes
ith some macrophages, which are able to secrete; cell
Tokines or growth factors, had accumulated in the
Snity of the wound. Possible reasons proposed for the
teleration of wound healing by the author was at-
buted to the action of cell cytokines or growth factors

C.-H. Su et ul.; Biomaterials 20 (1999) 61 -6%

Fig. 3. Photomicrographs of the wound area and its surrounding tissue covered with Beschitin membrane at different time intervals.

DAY 10

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 isolated from the
wound area was examined, it appeared that the structure
of the mycelia hypha were destroyed and would not stain
with PAS (Fig. 3A). On the other hand. the untreated
Sacchachitin membranes and thai immersed in phos-
phate buffer solution {Fig. 5B} showed no signs of dam-
age to the structure of the myeelia hypha and they could
be stained with PAS. Thus, it appears that the constitu-
ents of Sacchachitin membrane that can be stained by
PAS were eliminated during the wound healing process.

[t has been known that chitin is hydrolyzabie by
lysozyme {14]. Since chitin is a portion of the Sac-
chachitin structural unit with some solubie polysacchar-
ides, it appears likely that substances released by the
infltration of body fiuid caused dissolution of the chitin
to promote wound healing. SEM examination confirmed
that the structure of the mycelia hypha was disintegrated
and would not stain with PAS. Generally, pelysacchar-
ides with 1,6-linkage can be stained by PAS. The
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DAY 10

Fig. 4. Photomicrographs of the wound area and its sucrounding tissue covered with zauze 2t different time intervals.

disappearance of the stainability of Sacchachitin
membranes covering the wound indicates that thisitype
of polysaccharide had disintegrated and been released. It
is possible that the release of these substances can play an
important role in the promotion of wound healing.

In order to determine which substances are responsible
for the acceleration of wound healing, fibroblast cellg, the
main component of the dermis. were employed to ¢om-
pare the effect of several materials on their proliferdtion
and migration. The results in Fig. 6 show that the prolif-
eration of fibroblast cells was observed with both of
0.01% w/v Sacchachiun and Beschitin on day 6. Never-
theless, no significant effect on the proiiferation of fibro-
blast cells was noticed until day 9 for 0.01% w/v N-
acetyl-p-glucosamine and deacetylated Sacchachitin.
It demonstrated that there is nc difference for 0.0l%iw/v
f-glucan compared to the controi. The same results were
obtained no matter which method was used for counting
the number of ceils.

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

a concentration of 0.03% wrv, N-acetyl-p-glucosamine
and deacetylated Sacchachinin were able to promote the
proliferation of fibroblast cells by day 6, whereas this did
not occur until day nine for f-glucan {Fig. 7a). When the
concentration of f-glucan was increased to 0.1% w/v, the
proliferation of fibroblast cells occurred by day three,
whereas the proliferation was inhibited with N-acetyl-p-
glucosamine and deacetylated Succhachitin (Fig. 7h),

In 1994, Chung et al. [15] reported that chitin isofated
from the cell wall of some molds a1 a concentration of
0.01% w/v was shown to promote the proliferation of
fibroblast ceils. The same results were observed in this
study. In 1987 [16] and 1992 [17], f-glucan was reported
to be capable of promoting cell proliferation and macro-
phage function. However, the promotion of the proli-
feration of fibroblast cells was not observed until the
concentration of f-glucan wus increased above 0.05%
w/v in this study. On the contrary, increasing the concen-
tration of N-acetyl-p-giucosamine und deacetylated Sac-
chachion 1o 0.1% w/v resulted in Inhibition of Abroblast
cell proliferation. In 1994, the sume phenomenon was
observed by Richard et al. [13]. Promotion of the
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Fig 5. Photomicrographs of Sacchachitin membranes covering the
wound {A) immersed in phosphate butfer sclution (B) stained by PAS.
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Fig 6. Comparison of the proliferation of fibroblast ecils induced
by the addition of several different materials at a concentration aof
9-01% w/v in the incubation medium. (*: a paired ;-test of signiﬁcant
!’-"iﬁercnce with P < 0.05).

roliferation of fibroblast cells has been attributed to the

Ositive charge carried by chitin increasing the adhesion
50 the ceil surface at lower concentrations. However, the
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Fig. 7. Companson of the proliferation of fibroblast cells induced by
the addition of soluble materials at a concentration of {A) 0.05% or (B)
0.1%% w/v in the incubation medium. (*: a paired ¢-test of significant
difference with P < 0.0351

chitin feading 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 to 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, 1t
was found that Sacchachitin and chitin were able to
promoie extensive migration of fibroblast cells after the
3rd day. No difference in f-glucan from the control
was noted. These results are shown in Fig. 8A. Similar
results were observed in the migration study as esti-
mated by counting the number of cells growing along
the interface between the layers of agarose and the
materials from the center hole in the medium (Fig. 8B).
The only exception was that the cells migrating along
the chitin layer were {ound to extract their peus-
dopodium and tended to die. Both results demon-
strated that Sacchachitin membrane was able to promote
the migration of fibroblast cells and act as a guide for
cell growth.
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Fig. 3. Comparison of the extent of fibrabiast cell migration {A) neross
the center line of the medium or (B) outside the central hole induced by
the addition of soluble materials at a concentration of 0.1% w/v'in the
incubation medium. {*: a paired I-test of significant differcnce with
P < 0.05).

4. Conclusions

Sacchachitin membrane is able to promote wound
healing by inducing cell proliferation. A mild acute in-
Hammatory reaction attracted a large number of poly-
morphonuciear leukocytes and some macrophages to
tlean away debris and blood clots. Also the secretion of
cell cytokines and growth factors by these celis provided
an excellent environment for wound healing. The migra-
tion of fibroblast cells, which was promoted by Sadcha-
chitin, also plays another important role 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-
ible,
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Evaluation of Chemical Properties of Membrane from
Ganodermma

How Tseng', Jyue-Lin Li, Ching-Hua Su?
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Ganoderma, an important member of medicinal fungi, has recently been
extensively studied for its biologicel activity and commercially marketed as healthy
food. Usually, after removal of the water soluble fraction by hot-water extraction,
the remaining water-insoluble part, mycelia fibers, (more than 90%) of Ganoderma
was discarded.

The structure of mycelia 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 beneﬁ01al effect in the wound healing. Moreover,

oligo (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 demonstrdted that the skin dressing prepared from mycelia
fibers, exerts a strong enhancement effect on wound healing. The properties of
biodegradation, attractive biomedical material for medical uses than other synthetic
materials. Taken together, these findings suggest that mycelia fibers might be
used as the biomedical material for making skin substitute. However, there 1s not
any solvent system suitable to dissolve mycelia fibers so far for the purpose of

proceésing.

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
find the solvent system suitable for processing mycelia fibers. Most of the
previously found solvent systems for chitin would induce molecular degradation
except lithium salts/amino-containing solvents and calcuim salts/alcohol.  In this
investigation, we will apply the technique of casting to develop a facile type of
sacchachitin membrane from the sacchachitin dope, which will be prepared with
mycelia fibers dissolved in metal salt/amine-containing solvent. We believe that
the success of this study will provide a very valuable new biomedical material for
clinical use.

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

system
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Study on Preparation of Membrane from Fungal Ganoderma Residue as

Skin Substitute and its Solubility and Mechanical Properties
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Utilization of Fruiting Bodies from Genus
Ganoderma

Ching-Hua Su

Institute of Biomedical Material,

Taipei Medical University

250, Wu Hsing Street, Taipei, Taiwan, 110

ABSTRACT

Five fractions by means of stepwise extraction were obtained from fruiting body of
Ganoderma. The methods and the uses of these fractions were described for health
food production and skin substitution of wound healing. The five fractions were:
ethanol extraction rich in triterpenoid, water-soluble polysaccharide, alkaline soluble
polysaccharide, SACCHACHITIN and SACCHACHITOSAN.

Introduction

The fruiting bodies from the genus Ganoderma have long been used as a herb in
traditional oriental medicine and in the recent two decades, through the efforts of
many researchers, the extracts of the bitter-tasted, leather-like basidiomes were
accepted as an important health fooid. The present article is to outline the works on the
fruiting bodies of Ganoderma that had been done in Institute of Biomedical Materials,
Taipei Medical University. In addition, the article is also proposed a protocol to use
the residual part of the fruiting bodies after water extraction that has been considered
as a waste. The complete use of the waste part of the basidiomes not only extends the
application as a material to the field of skin wound healing, but also opens an
opportunity to obtain a rich source of chitin and chitosan.

Materials and Methods

The fruiting bodies of Ganoderma were prepared from cultures from of Culture
Collection and Research Center (CCRC), Hsinchu, Taiwan, by the cultivation of
sawdust/plastic bag system in laboratory of Institute of Biomedical Materials, Taipei
Medical University, Taiwan. Some basidiomes were the gift of Prof. Jin-Ten Peng,
Agricultural Research Institute, Wu Fong, Nantou, Taiwan. The specimens used in the
present paper were listed as in Table 1.

For experiments for stepwise extractions, fruiting body of G. tsugae
CCRC-36065 was used through the study. For anti-matrix metallo-protease and Hella
cell line tests, fruiting bodies of G. resinaceum CCRC-36147 was employed.

The methods of thin-layer chromatography (TL.C) (Lai et al, 1995), high
performance liquid chromatography (HPLC) (Su et al, 2001), animal mode! for liver
function and cell culture for Sarcoma-180 (Chen 1996), HL-60 (Yang, 1995) and
Hella cell lines (Hsieh, 1999) were described as in the literatures. The protocol to




separate different fraction for tests is outlined as in Fig. 1.

Fraction I: Ethanol Extract

Identification of species in the genus of Ganoderma by means
of triterpenoid pattern

The first fraction separated from the fruiting bodies of Ganoderma was the
ethanol extract. Usually, 100 m! of methanol or 95% ethanol was used for the
extraction of dry fruiting body (2 g)and the extract was concentrated to 1.5 ml for
TLC or HPLC analysis (Su et al, 2001). Both TLC and HPLC revealed distinct
patterns for each species. TLC patterns of 18 groups (Yang, 1995) were demonstrated
as of Fig.2.

Hepato-protective function of triterpenoid fraction from
Ganoderma

The eighteen types of the extraction of fruiting bodics of Ganoderma were tested
for CCl, induction of liver damage. All the 18-triterpenoid types demonstrated
significant decrease of glutamate-oxaloacetate trasaminase (GOT) and
glutamate-pyruvate transaminase (GPT) level in peripheral blood of mice. Among
them, the ethanol extract from G. tropicum showed the most effective one to render
GOT and GPT level down to 40%. Pathological examination on liver section also
revealed a good repair function of ddmaged cell around caudal vein in the liver of the
mice (Fig.3) (Yang, 1995). This result was in good agreement to our previous report
on evaluating hepato-protection func:tion of Ganoderic acids B and C; in 1993 (Su,
Lai and Jen).

HL-60 cell line inhibition by triterpenoid fraction from
Ganoderma

The eighteen types of the extraction were also tested for a human leukemia celfl,
HL-60 cell line, in vitro. The extracts from G. pfeifferi and G. resinaceum were found
to inhibit cell growth and enhance apoptosis at a concentration of 50g/1 (Fig, 4 and
Fig. 5). The mechanism of the inhibition on HL-60 is unclear and waiting for further
investigation (Yang, 1995).

Triterpenoids from Ganoderma resinaceum for
metallo-pretenase and Hella cell inhibitor

Several triterpenoids from G. Jucidum were reported to be effective inhibitors of
metallo-protenase from HIV and tumor cell lines. Similar results were found in the
extract of G. resinaceum to inhibit metallo-protenases from kidney and




microorganism (Fig.6). The same compound was also a strong inhibitor (Fig. 7) to
Hell cell line in our study and the compound was tentatively named as T-2-1-1 (Hsieh,
1999).

Fraction II: Water Extract
Water soluble polysaccharide

The residual fraction of G. fsigae derived from ethanol extraction was further
treated with boiling water. The hot water supermatant from the extraction was cut off
through an ultra-filtration apparatus (Minitan, Millipore Co., U. S. A} witha
molecular cut off size at 10,000. The yield of this portion was about 1% of the dry
weight of the fruiting body after lyophilization. The chemical analysis demonstrated
that it contained mainly polysaccharide with glucose, mannose and galactose as major
sugar components. Physiological study on its anti-metastasis and anti-nodule
formation in mice showed slightly effects in reduction of cell growth and nodule
number against S-180 cell line in mice (Fig. 8-9) (Chen, 1996).

Fraction III: Alkaline Extract
Alkaline soluble polysaccharide

The residue from the water extraction was again treated with IN sodium
hydroxide or potassium hydroxide at 850C for 2.5 hr.  Identical procedure to do with
water extraction was performed to obtam alkaline soluble polysacchande. The yield
of this portion is higher than that was from water-soluble polysaccharide and
anti-metastasis and anti-nodule effects in mice were also slightly higher than the
effects of water-soluble polysacchang;le (Fig.8-9). The alkaline treatment of the
residual also removed protein, nucleic acids, and lipids from the cell of mycelial
structure of the fruiting body (Chen, 1996).

Fraction IV: Chitin Rich Polysaccharide

SACCHACHITIN as a skm substitute for wound healing
enhancement

The alkaline treated residue was washed very thoroughly by distilled water to
remove alkaline in previous treatment and 1% of sodium hypochlride was used to
bleach the pulp-like paste in room temperature for approximately 3 hr. The melanin
structure was destroyed and the white pulp was washed again to clean up
hypochloride in the suspension. The suspension was filtrated, frozen and lyophilized
to make into a membrane like sheet and named as SACCHSACHITIN. Chemical
analysis revealed a one to one ratio of glucose and N-acetyl glucosamine in
SACCHACHITIN (Su et al, 1996, Su'et al, 1997).

SACCHACHITIN was compared to a commercial product named
BESTCHITIN (Riken Research Co., Japan) derived from crab shell with chitin as its




main component to evaluate wound healing enhancement effect, together with cotton
gauge as negative control in rat and guinea pig models (Su et al, 1997, Su et al, 1998,
Su et al, 1999). The improvement of the wounds by SACCHACHITIN was evident
and the mechanisms of the membrane were proved by enhancements of growth and
migration of fibroblasts and keratinocytes from guinea pigs and human foreskin,
respectively. Further evaluation of the mechanism including the binding the matrix
metallo-protenases in vitro, the increment of collagen piling of the wound and
microscopic observation to find less inflammatory reaction were observed (Huang, et
al, 2001).

Human experiments on patients of bedsore are now under investigation.

Fraction V: SACCHACHITOSAN

SACCHACHITOSAN provided rich source of anti-tumor
polysaccharide

SACCHACHITIN contained water insoluble fiber like hyphae of Ganoderma
fruiting body. The final treatment to the residue was handled the SACCHACHITIN by
45% sodium hydroxide or potassium hydroxide to eliminate N-acetyl group attached
on the glucosamine and in some instance the polymer disintegrated into smaller
molecule and the suspension system became soluble to water. The high molecule
(over 10,000} was harvested through the ultra-filtration system and lyophilization.

The yield of this portion was much higher than that from water and alkaline extraction
(Table 2) with a more effective potency in decrease metastasis cells and nodule in the
tungs of mice when challenged the animats with S-180 cells (Fig. 8-9) (Chen, 1996).

Conclusion

The use of stepwise extraction for the fruiting bodies of Ganoderma could
provide a total utilization procedure for manufactures of health food or
pharmaceutical and thus lowered the cost of production. In view of environmental
consideration, the production processmight involve some hazardous chemicals such
as very corrosive alkaline and bleaching reagent. Our suggestions include neutralizing
the reagents with acid and concentrated into fertilizers if potassium hydroxide and
potassium hypochloride were used instead of sodium salts. We also recommend that
the process in deacetylation of SACCHACHITIN into SACCHSACHITOSAN by
means of enzymatic digestion to avoid high concentration alkaline involvement.
However, the enzymatic way of treatment is waiting for investigation.
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Table 1 Strains of Ganoderma used

Species Name CCRC" Number Origin of Collection

G. australe 36128 India

G. fornicatum 37048 Taitung, Taiwan

G. lobatum 36245 Canada

G. lucidum 36021 Taichung, Taiwan
36041 Tainan, Taiwan
37026 Taipei, Taiwan
37029 Taipei, Taiwan
37033 Nantou, Taiwan
37043 Taitung, Taiwan
37053 Taitung, Taiwan
36124 India
36125 Argentine
36144 North America

G. mirabile 36152 West Europe

G. neojaponicum 36049 Miaoli, Taiwan
37042 Taitung, Taiwan
37051 Miaoli, Taiwan

G. oestedii 36291 Argentine

G. pfeifferi 36159 West Europe

G. resinaceum 36146 West Europe
36147 West Europe
36149 West Europe

G. subamboniense 36087 Argentine

var. laevisporum

G. tsugae 36042 Nantou, Taiwan,
36065 Nantou, Taiwan
36090 Nantou, Taiwan
36203 Nantou, Taiwan
36204 I-lan, Taiwna
37063 Japan

G. weiberianum 36145 West Europe
37049 Taitung, Taiwan
37081 Taichung, Taiwan

G. boniense 37040 Nantou, Taiwan
37068 Nantou, Taiwan

G. calidophilum 36205 Nantou, Taiwan

G. curtisii 37064 Nantou, Taiwan
36064 Nantou, Taiwan

G. fornicatum 37067 Taipei, Taiwan

G. mastoporum 37044 Taitung, Taiwan

G. tropicum 88-1-40 Taipei, Taiwan
88-1-57 Taichung, Taiwan

*CCRC: Culture Collection and Research Center, Hsing-Chu, Taiwan
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Fig. 4 Induction of HL-60 cell apoptosis by ethanol extract from fruiting
bodies of Ganoderma :




Fig.5 Flow cytometric diagrams showed DNA fragmentation of ethanol extract of
Ganoderma on HL-60 cells

Fig. 6 Flow cytometric analysis of Ia triterpenoid(T-2-1-1) component from G.
resinaceum to induce apoptosis of Hella cell line.




Fig. 7 Inhibition of metalloprotenase inhibited by T-2-1-1.
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Fig. 8 Flow cytometric analysis on tlje lung of mice in respect to G1, S and G2/M
phases of S-180 cells with the treatment of polysaccharides isolated from G.
tsugae.
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Fig. 9 Nodule number in the lung of Emice after challenged by S-180 cell on the 16"
day with the treatment of polysaccharides isolated from G. tsugae.

Table 2 Yields of polysaccharides isolated from fruiting body of
G. tsugae "

Yield _ I |
Crude residue (200g) ’

Water extract 1.34g (0.67%)

Alkaline extract 7.20g (3.60%)

SACCHACHITOSAN ‘ 21.98 (10.99%)  48.00g(24.00%) _
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Abstract

In order to obtain the material for wound repairing, this research is trying to
use different method treating on Ganoderma residues, to prepare the optimal
membrane . First, to whet the Ganoderma extracted active ingradient , then
various kinds or concentration of KOH was treat on the whetted residues of
Ganoderma. The treated residues: of Ganoderma were washed by water till the
pH was nearly nature. The various concentration of HCIO3 was used as
blenching agent. And Ganoderma residues were washed again till the pH was
nearly nature after HCIO3 treated iit. Then  AgNO3 was used to test if CI” was
retained in the treated Ganodécrma residues. After those steps, treated
Ganoderma residues were dried: 3 days by lyophilized. 6% of those dried
samples were dissolved in 5% LiCI/DMAc which was the binary solvent system
for 3 days. The solutions were gradually prepared to become membrane. Those
membranes were put from ethanél 120 seconds; through acetone 15 seconds;
then through water 60 seconds. The membranes were put in flowing water
24 hours and then cast on Teflon: paper. All of the primary membranes were
dried naturally. The DMA was used to measure the strength of those membranes;
NMR, IR, X-ray were used to detect the structures; then the wviscosity of the
dissolving sample was measured to get its molecular weight. After those tests,
the optimal condition was used to produce large amount of membranes for

taking the in vivo tests.

Key word: Ganoderma lucidum LiCYDMAc:DMA NMR» IR » X-ray » viscosity

meter o
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GEELAE B - B RPN HEBD MRS B B4 R Chitin - T fERHEEN Y P
FREAIS B A4 Chitin A9RES] -




4. Chitin IR E B EH

FAR B ARSI Chitin BIZRIE - AEEFREBYEEEHE -
TSR T Chitn B EHLERE » BLEREEWEERR
f5%¢ Chitin HEAIATELER - B8 H (deproteination) 25 BRAE SR 5B HE A
TEH] 3-5%RTETESRARERER [291[30] - 1E 60-100°C T 5 fE 2-6 hours » ALA
AL RERY Chitn o

5. Chitin BB (V.45

# T B (chitin/{EA Y ie & T AR MFEF1T KRR W BERE @ 8
HTK - Chitin FUSEARH X-ray SEATHORTIEREE - AR SRR BRI
HIREN T2 B A XA ETE H I Bo - B~ y=RERESE -

ofiff : Chitin BRI dt R (rhombic) » BHEGIR T EH /Ml N-Z Bk
B A5 B (N-Acetylglucosamine) - F 73 it S0 ffe ] 2 I [A] 717 (antiparallel)
HE > EEGEMO L DIEEAE S - IREELASRIE - B hEE - ZEA
5y Chitin ¥ 58 B SIREMET - KED BB N FRIENMEHRk
BERFT S SbERIB R A -

BEY © Chitin B BR} 5% (monochinic) » REESaA& RN (E N- ZEElZE
&% §E(N-Acetylglucosamine) TSR, » H i8R 1E 2 1T (paralle)HE5 -
TR BB R ERRE - BUBMERAVISIEIELL - BHEEEFORE - BEECEE]




FRILAY -

YA BoRPRENRSHS - SRENEEEATE AR Chitin BIBIGE—H
WS [31][32] -

6.Chitin A

Chitin ZEME_FR— TSR B —BEBINTYE - SE2H chitin 7.
Bl acetylamino group)iB 5 EEA 43 F N EEEFTERATIIE - BEHT0R
T Chitin ATV RS EERERG  FiRe - FRRASSRMIAE (B ADENER Chitin
HRERRELAME » SENCIERMIR RO - Bl AES Y Chitin - HERE
HESHER T2 - ZEREIORZEFH I - Chitin AIDAAR —ICRIOEA] 5%
LiCl ¥ N,N-dimethylacetamide # —TCHBIREIRE [33] - EH LT H

GelpES FRIGEE AR ASE AR - 831K Li'/Chitin $5&Y7 > DA

e SR TR AT INEL T2 N,N-dimethylacetamide Y&#%. - BIgEXIRHE
SRR -

7.Chitin 3 F & 2 HE
BETEATE

4 Chitin Y52 5 % LiCl /DMAc ¥#% » FUATEHATIE A Scott-Grate &




KIFERSEST » 78 2540.1°C RUPRAY R HENE @ SoEiameEE A - B iR
HORER > BRI - ABRFIR TYIATEER

FEREEE  (specific viscosity) msp = (T/Ts)-1
BRIREEE (reduced viscosity:) mred = msp/c

A MF5E (intrinsic viscosity ) [n] = (n red ) >0

T : Chitin AWGEEEME A - B R AT

Ts © 5% LICUDMAc ABIESEHIE A - B kR

¢ ¢ Chitin FFHRHRRE

U SR PO PEBSRE [ A Mark-Houwink A2 2 F RS sRAHH
SN TR

Mark-Houwink SR E[N] = KMa
a : Mark-Houwink exponent
K : Mark-Houwink exponent parameter

M : molecular weight




8.Chitosan 2 % JT.JEFH

Chitosan £ Chitin H) A LR LY » BERBZEMEINER L - BAEEN
Chitin - Chitosan 5K S - BRTREEYRBRIZEIB34](35] f8ITE
RIF A BREMTEAE] T Chitosan [36) -+ i Chitosan 18 B i 7 A #E Pk
e - B SENIIETEYE - BRLUES Chitin A1 Chitosan FESALAE ¥ LLARES
A ABEEERY, - 6 SRR -




B=F WRMHEGE

3.1 EEME

. B2 BHRESIE e FERE 5 the residue of Ganoderma.lucidum

without Triterpene

2. o -chitin » HFF2ER%% » FUNAKOSHI > H&
3.HCl > FZELR - SHIMAKYU» HAR

4 NaOH > 3X%E#% > NIHON SHIYAKU » HA
5KOH - Z2E#k » NIHON SHIYAKU » HA

6 HOCI3 » §itE# - 5.25% » The Clorox Company » Z#]
7 N,N-Dimethylacetamid 99+% » ACROS » £
8.LiCl » FAZERR » NACALAI » HE

9.Ethanol » FAZ8#K > 95% > 518

10.Acetone - REEL; » S

11.AgNO3 - ZZE - &7

12XBr » B, » YAKURI > HA

32 ERES
1¥5#5H - RT-04 > 5




-

2 BT K » Mettler » AG245 » i

3.4t5 » MMM Medcenter GmbH » Venticell 111 » £EE]

4 BREAAS » Coming > pe-420 > 3K

5.8 ERE4s » EYELA » N-N» g

6.7k B » Tokyo Rikakikai Co. LTD. » A-3S » HA

7. BLZ8H4E ¢ Lingberg - V0914C » ASHEVILLE » 26

8 5 HE7ERE © KingMech » FD24-258-6P » ¥

O B[ % » HSIANGIAT » CN-3600 » 5

10. A BFEAREFEEHIERE » SCHOTT » AVS-360 » 75{E

11 BB FEEET 2 118 /K48 » Firestek Scientific - B801 » 55B]
12 {5 I8 A » Firstek Scientific »* B401D » &

13 5 &1 B¢ ik 4 /3 il 2 {8 ©  Materdal testing system (MTS) » MTS

Corporation » 858 Mim BIONIX » USA

14 X-ray 5% - MaxRC » RIGAKU » E7 » VAOKV » A: 100 mA
Bre el

IS REFRH#FS TR Differential scanning calorimeter(DSC) » Pyrisi »

Perkin Elmer » 5B

16 Edzs + VM-2000




o

‘ 17 257K » Shaker bath » Firtek Scientific » B603 » ]

18 KA AR EREHIZ &S > Fourier Transform Infrared Spectroscopy (FT-IR) »
BioRad Laboratories * Perkin Elmer » FTS165 » Perkin Elmer 19 8505 3tiE ¢
755 * NMR > Bruker » Avance DRX-500 » GmbH

20 fRotREET

21 EReREME - EENBERARAH

22DMA : Perkin Elmer - Perkip Elmer

23 BhREIE M SR E{E - First Ten Amstron » FTA200 » USA

33 PRABRETS B

B LR TR B RIGE S I Triterpene HHHEIERR
7+ R ST RS RIRTA OE R ER B 5 76 3.3.1 FSRLL 95%HK
ethanol » %3 2 hours FIF B AT /THHE + 3.3.2 IR FHR MR -
P4 RS IAMIET SR - DL IN DL #3IR(E sample iy Chitin ZE4
AR 25 Z BB - L DUIN MU REE » BB EHEREN
B4) 333 bLHCIO3 #E(TIRE » ARG RRS » FE HCI03 19
SR L E RS THNSETIREEATE - MO TRNBL
AaJ#EHT 3.3.4 DL LiC/DMACc 5% Ganoderma/Chitin 8 - 3.3.6 HIZBF&AIEL

EHERA  3.3.5 DI B sReEss > REEZIR  7£33.7 5 L




Autograph B¢ MTS HIERARITRRE » DAFMEZ T REZEIU A EHIZEK
WERFRAE AR IR » RRIEIERE B8R » JLRIEL 3.3.8 BY Xeray Wl PHE
&= Chitin fB5ELEI ¢ 1L 3.3.9 89 IR EIEHEE84E, ; 3.3.10 #Y CP MAS C
NMR HIEE FRIZFAAE © 5 3.3.8 339 33.10 BIEZ AT INELE
o WEEBCRELS AR - WY EREEEE | smREL 33.1
i) DSC kA BB LAY BT - S7E8 o BRI AL » (R IRy BB M
W EEH R AR - DRERNHEEEE— SR ER - 80
A TP BRI GHHRE A -

331 RZTHRENS R

A EEBHASFEELH Triterpene $hHIR 2 RSB 1 IUAERTEH
#¢1E(Chitin) & Chitosan JF53HIFFE - S$PRIILELECE N HGS - BEZT
ERBEMYIZRIRE - B - HERNEZREETL
95 %] Ethanol {77 Extraction 48 hour > [ &2 BEAE 95% Ethanol FHRYE
BEMEER 2.5%  ZFILABRZERIE 2.5%M% - BHRERnENS
B SRR RMFFIE A  FILERERNERAE - TR RS
B - TRINBERER GEE - BRFIEEERLNEER MREE
B 2.5% » SEEAE - B FHEEE DL 100°CHY dil H20 29 Zhours 1Rz
P DU BRE R T ¥18¥E obitin Bz chitosan Z SIS » DARIEAMEET




SRESBHSE ©

3.3.2 B mEHE

SSHERERBIEY - ROV ER S BEE TR -

H— B THEMEISER TR - ANREHERZREEEREY
2 > FfFE KOH J NaOH » 435114 0.IN ~ 02N ~ 0.4N ~ 0.6N + 0.8N ~ IN -
EREOWME 2.5% LOIREZIETE 7T0°CHRAF T 2 hour kR
> i LIETEEEE 24 hour ¢ Ff pH meter {2 2114 - FE.E A BRPHIEER
HERTE—SHREERZREPOEOBY KR » MAIRMIE D - F
DIBR TR RE & HO R BRI - RHERr IR 2Ry Chitin LB > LIKE
FrLhsts DB - FIRMBUR RUSBO A - BRELBE IR IS TRE R
BHE > PSRRI R SR SN BRI - R TR E R ]
RSB R R RIRY s BLER] ﬁﬁﬁeﬁﬁ’ﬂﬁzr‘%ﬁﬁ% N2 fR{F  DAFF F—F 4
TR -

ﬁ::@iﬁﬁ}?ﬁ%ﬁﬁ@%ﬁﬁ?zﬂpéﬁ Chitin 4 ELGI I - B
DL KOH 7 NaOH » 43FlILL 2N« 4N « 6N ~ 8N « 10N #EfTRiE i - H3ESE
EER 7l - 3T TR Chitin FREY acetyl group » £ Chitosan #55> LLEBEMN -
BEFR SRR DA B R TR RS RTTRoT - S
i ZBRAVREE » B R AT M3




A G203 X +Cg/161Y -1

BINi/203 X+ Ny/I161 Y ---2

Degree of deacetylahon =Y / X+Y ---3

A=C% > B=N% > Chitin MW =213 > Chitosan MW = 161[38]

FEHTEBEREENEZ NS Chitin I} ZEELITIRRGER > RTFIFY
B GRHEZ AT DU FRR N TR R 25 -

333 RENRERE
S BR A i T - IS 5.25% RO E/K » s3RIRL 11~ 1:2 103

1:4 ~ 17  1:9 BOLLBIRRTE - FIISEATAZ O.IN KOH Mgl B/ Bz ARsRAY
TS DL 2.5% (YR TSN RS A L GRS R [k rp Sl
1% 15 mins 248 LUEHTHENA 24 hours » 1 pH meter HIHIRE » AgNO3
TR C B T3 » BIRTHILUS B T8 o il S A
0.IN KOH #9JF I » FEK 0.IN KOH Bt RTIE B R ZHRER - M3
RS TS E R B E BE > LUEE S~ R i
BERETESTROME  ETHERE M ER I TR (1S
SRR - T TRIAD  HREFREOERES - WEEEMN




Z ¥

AT FBEAEAORRTREE T » SRPIBSE 113 HLOE A A S
BHEah » MERRAEPD MRS 13 LB MAST R e
GHEUBCEL AR » L RHER —ERVIRIS HHL D B2 ERIRAER
AL » 07 E T A BB -

3.3.4 BB RE

SRR AR TR, » B 6%ME R ETAIRET » B 5%
LiCUDMAe ~ STl » DU S BT - & B A 70 »
HIAJRR F-BHR ARV » 545 70°C ¥ 12 hours H3EfT45— KM » B
DR EIAAE DL 4°C 554 - SRARKSEAMSZ E > FRATAB T 2OFHE - 21t
EE=R > BIERMIR BT G TS RIS - YRR IR
RESEEHI T > HES0R10 DMAC 3 » B PLGUE Lo AR RT3 05 2 B
Chitin/Chitosan solution » EIE{F B P T A ARIBATIER -

335 BT IEME

ARSERTRTAEIA Chitin/Chitosan AW - § Sml HF IS BIAELE
15x15 em” BT I - FUF RIS EEFEEIEY - A B aRTE
HOGHAERE A | - B AR S BB A ethanol Y5¥ 2 minutes + 3




RETVH T B T ) B 2 B3R A Acetone YA¥R 30 seconds @ [EEZARE
JE o BRI BB A KR AT 24 hours » FI[H AgNO3 fEE /K4 Li
TR > MRS BN Teflon I > FFEAFHEZME - KAIGEI$EH
WIBZI - Belith A AR ARE R B S R T FARRR R AL M - MARER R
SRR - USROS -

3.3.6.35 B HIE

TSRS BRI EATINRE - e P ERREaNEEES
e RIS FRINER - SRS ZEN - RODIEMEE
R TR RS S I - B 46 19 ml LiCl / DMAc ¥ & Iml
BHERE VA = SIS 16 70 °C T BH A - BB I
BIA 0.84 mm FEEEER - 4625 °C THRATEEATHR - S 7 KK
HIFIE - NEAE IR A8 4500 20m] LICYDMAC SERIS5HE - HERIE
T <99% » DIFESTRSIT S A B Y - SRSk LIARRAGTE
PEBARE » MSREARAE -

FEBEE  (specific viscosity ) nsp = (T/Ts)-1




3.3.7.8 JTHIE

IR E - R B2 R R DMA fichr 7R - RIS T iR
HsR RTINS SR - HARBIEEAKIR 0.5 om > KREEAKKIE 4 om
oA - FIREER sample #6%% » 3¢ Dynamic J Static FRIIEEY: - EHE]
sample LIRS L - BATHBIRNEE » WHRHIZ FNRRIERR -

3.3.8.X-ray 2Bk

a-type FlIB-type Chitin I REEIR[E > R X-ray BREOGAE - AILALLHE
a-chitin J& + B-Chitin AN S IEAEAS B (crystallinity) AR - KILATH
Rigaku D ATFIHY X-ray B » IS MG THRRMEDE » AEELFD
88 5°7 1 e FE RV T AR 10°IEE] 60 - DL CukadH#FALS 1.5418
HEETHIRE 1 % Za-chitin JEURTEEZ R - RAEHE & A EEE
FEFTSHT - RASHIZEZ Fi& Chitin BURERZ R -

3.3.9.IR #E

. RS HmEHNE SRR {8 L BszR% - FIR FT-IR /9{E#
R E BRI -

2. RIEEIEE SR > RIEHA FT-IR A{EH » BIEErEERYLER
W o




3. P BRAER SRR, - [FEFIFE FT-IR Y ATR {5381 B2 B REILAY LR

DA E =R R ARIRR - HBR R RAL RIS 4000 nm E] 500 nm HYHEE]

THETT IR AR -

3.3.10 NMR i9 i 2

BRI ROERE AT DATE I T RORS S » ST R A R NMR 9 3l
S5 BRI EER(NaOH) 2L 12N iR iR B 8 788 » [ H A Chitin
%#FS Chitosan » L. 3%MERE A IREBIRIE T EI-RD20) - It
B 0.5ml A NMR BIEHAHEPRE  TRME RFEAH-NMR ; &
I7:10~0.5ppm) K KHHC-NMR ; #3lF:200~10ppm) - BERmEa B B8 2 2
WIS - DUTHTEEE Y -

3.3.11 DSC J# 4B
HE i e T SE L R R (R SR B S TR 0 HY 5~10 mg @& A sample #8+ - [A
B FHBRE B » {606 2 &R DSC 2l oven » 5 2 efd-(temperature:30~220

“C » 10°C/min ; 220°C > Smins ; 50°C /min)BH#E AR REENE SE A0SR B -
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Chitin } Chitosan S EER ERRRE] > FiDHEMERASHAORME L > Bl iose
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chitosan from chitin
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NMR #J#IEAES 2

FAMZE 3R T Ganoderma FRIH{E AKY) Chitosan BE3ZER FAY NMR BFE 4R

EREREEERIE NMR SEHHGRNZR A RBEEERE —& peak HYEEEK
shift > JE 26 AT AE R MIEEE: [ RIS AT R E SN R M E B R
IESE-SEEEA




PPN

ORIGINAL

A
C1219M,001
PPG:

CPCYCL.PC
DATE 19-12-0
SF 75.470
01 6709.531
ST 16384
TD 5iz2
SW 30120.482
HZ/PT 3.677
RG 32
NE 1
NS 8000
TE 297
oW 16.6
FW 36200
o2 5050.000
DP 10H DO
Do 5.000S
D1 3.500U
D2 4.000U
D3 20.000U
D4 1.000U
LB 50.000
GB 0,0
NC 3
CX 21.00
cY 12.00
SR -1050.94




MEMBRANE

g

| T |—|.> P 1 Far s _nr-I-.lr.» L. . f—lpt al | PP P 1 NP I T l— [ _>»s|ph .Ip._ . ]

_mo umo L»&o umo »co mo mo ao mo c :mo -Ao
o PEM

B

ciz21

PPG:
CPC

DATE

SF
01
51
D
SHW
Hz/P

R

oM.g02

YCL.PC
21-12-0

75.470
6709.534
16384

512
30120,482
T 3.677

32

1
8000
297

16.6
36200
5050,000
10H PO

5.0005
3.500U
4,000U
20,000U
i.000U

50.000
0.0

12.00
-1050.91




chitosan/H20+020/C13
0207-chitosan/2/1/u/th

Current lata Parameters

NAME 0P07-chatesan
3 2aR & o @ EXPND 2
E @ - 0 & an =) PROCKND 1
a @ ~ @ < © &
mlld _rm ﬁ :L m W % F2 - Acquisition Parameters
Date_ 20010209
— f \ ‘ A Tine 3.04
INSTRUM spect
PADBHD 5 mm Gual 13
PULPAOG 20p930
TG 69936 ,
SOLVENT D20 m
NS B0B77 |
D5 2
SHH 3i1446.541 H2
F1DAES G.479836 H2
Ad 1.0420724 seg
AG B1492 .
OW 15.900 usec |
DE 6.50 usec
TE 300.0 K
oi2 0. 00002000 sec
PL13 120.00 dB
13} 1.90000000 sec
CPOPRG2 waltz16 -
PCPD2 90 .00 ysec
SFD? 500.1320003 MHz
NuC2 {H
PL2 -4.00 gB
A ie 15.00 o8
P1 12.50 usec
SFOY 125.7719724 WHz
NUC1 tac
PLA 3.00 g8
D13 0.03000000 sec |
F2 - Pracessing perameters
51 32768
SF 125. 7577330 MH:z |
HOW EM |
558 0
L8 i 00 Hz
GB 0
PC 1.40
1} NMA plot parameters
Cx 20.00 cm
WA SR
F1 12828.92 Hz
Fap 52.247 ppm
— - r — —p— F2 6570.82 Hz




chitosan/H20+020/C13
0207-chitosan/2/41/u/th

Current Data Parameters

HAKE 0207-cnitosan

oo o VOIS @M @~ QWU W O oS m M EXPNO 2

B = < A~ O T ID@E@OMEOdO N - Q)T O W M o Mm S

IS o M ) A @ e~ e O OO e 7O )~ W m PRAOCND 3
2 ~m  w DM@ O OO MmO — QLW oG m o

= o < QO @~ TSP T T D S 0 B0 60 A F2 - Acguisition Paramelers
Date_ 20010209

/ N _ /J r.:munhmmmwmmww4j P/J Tame 1.04
INSTAUM speck
PAOBHD % an Dual 13
PULPR3G 2gpg30
10 632536
SALVENT o020
NS 60677
05 2
SWH 31446.54) Hz
FIDRES 0.479830 Ha
A 1.0420724 sec
AG Bi9z
PL] 19.900 usec
DE 6.90 usec
TE 0.0 K
pi2 0.00G02000 sec
pLi3 120.¢0 dB
D1 1.86000000 sec
CPDPRG2 waltzib _
PERD2 90.00 usec
<Fa2 5040. 1320005 Mtz
nice 1K T
m2 -4.00 dB
PLie 15.00 dB
Pl 12.50 usec
SFO3 1259. 7715724 MHz
NUC1 13C
PL1L 3.00 d8
011 003000000 sec

Fg - Processing paramgters

SI 32768

5F 125.75977390 MHz
HOW EM
558 0

LB 1.60 Hz
G 0

PL 1.00

iD NMR plot parameters

[of 4 20.00 cm
FiP 200.000 ppm
Fi 25154.55 Hz
Fap 0.000 ppnm

F2 0.00 Hz




chitosan/H20+020/1D-H
0207-chitasan/i/1/u/th

Current OGata Parameters

NAME 0207-chitesan
TS o m I > = EXPNO 1
g 88 & R 5 S @ PROCHO :
© QM- e [¢a} [Ka} — o om
< 9 T m om ™ oy o~ F2 - ACqulsitlan Parameters
Date _ 20030208
l - ‘ /\ T1me 10. 40
TNSTRUM spect
PROBHD 5 mm Qual 13
PULPROG 2830
T0 32768
SOLVENT 020
NS 32
DS 2
SWH 10330 578 Hz ,
FIOAES 0.315264 Hz _
Al 1.5860212 sec
AG 128
O 48, 400 usec
DE 7.90 usec
1€ 300.0 K
01 1.60000000 sec
P1 13.80 usec
SFOY 500. 1330885 MHz
NUCH iH ~
PL1 -4.00 d8
F2 - Processing parameters
51 16384
SF 500. 1300084 MHz
HOW EM
558 0
LB 0.30 Hz
cB 0
PC 1.40
iD NMR plat parameters _
£x 20.0¢ o w
q n\\\ll e F1p 5.330 ppm ;
[ 2665 65 Hz ..
= M Fap 0.470 ppm
F2 234.94 Hz
PPMCM 0.24301 ppm/cm "
HZCM 121.93948 tiz/cm |
- o Ts) © <] [ie] o)) nt [=)] Te]
" (o] [Va) ™ w v m =T m ud
5 =} ~ ] m w =+ o o
& =3 - =7 = M (= — =
= ~ [yl [a¥] ~ [=] =] o o [l




