CHAPTER 111

RESULTS

1. Polysaccharide Gel (PG) from Fruit-Hulls of Durian

Polysaccharide gel (PG) which

1 olated from dried fruit- hulls of durian
and purified by modifying the e ‘ and Panmaung (1998). A dried
| v . After PG crude extract was
further purified, a purifie | ght bi yneio. pale beige color powder. The

product of purified PG 10 a fin *-"».\ owderand passed through 60 mesh

Aqueous solutio entration and a mixture of 2% PG

with plasticizer propylen 1 at concen %, w/w based on PG were
prepared. The viscosity i gach preparation mixture.
The mean values of ﬂneasu > calculated @l solution mixtures were

compared. The results de nstrated that ng of plasticizer was not effect the

viscosity of 2%ﬂs'ﬂ,ﬁ(}%ﬂ‘mlw El‘ ,-] ﬂ ‘j
Ty g

The 2 % PG aqueous solution and a mixture of 2% PG solution with
propylene glycol 15 % w/w based on PG were prepared and the pH was
measured by using pH meter. The results showed that pH of the mixture of 2%

PG with propylene glycol and 2% PG solution were about 2.5. The data are shown
in Table 5.
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Figure 6. Polysacch P -‘ 1 rom dried fruit-hulls of durian.
i s#a li ‘ o pale beige powder, blended
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Table 5. The viscosity and pH properties of PG aqueous mixture and mixture of PG
with plasticizer.

3 : 2%PG with15%w/w
Parameter Z(A’PG ng;, propylene glycol base on PG
M (mean + SD)
pH 2.501 £0.00 2.498+0.017
Viscosity (mPa's) 158.067+0.017
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3. Preparation of PG Dressing Films and PG Dressing Gel

3 Preparation of PG Dressing Films

The PG dressing films were prepared. A thin, colorless to pale beige

color, transparent film of PG dressing film product was obtained (Figure 7).

3.2

c measured by micrometer at

five different points on ea ; iﬁ demonstrated that PG films and PG

dressing films with plasticizer ‘ ,1?:"' ; 0.029 + 0.002 and 0.027 £ 0.004 mm,

i
P o .

respectively (Table 6)3

Vv,

s

4.2 Mechaﬂal Prop

ﬂ%&;@%ﬂﬁfwg@ﬂ Sf PG films without

plasticizer and PG dressing films v?th plastlclzer were 111ustrated in Table 6. The

e R T T T e

tivel

Young’s modulas or modulas of elasticity is a measurement of
stiffness and rigidity of a film. Stress at break or tensile strength (Mpa) is a
measurement of an ultimate strength and strain at break or elongation (%) is a
measurement of a ductility of a film (O’ Donnell and Mc Ginity, 1997; Gerddit,

2002). The results demonstrated that PG dressing film with plasticizer showed lower
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Young’s modulas and stress at break than that of PG film withcut plasticizer, the
results indicated that PG dressing film with plasticizer was lower strength, the film
was solfter or less brittle than that of PG film. However, PG dressing film with
plasticizer showed a higher % strain at break and toughness than that ot: PG film
without plasticizer, the results indicated that PG dressing film with plasticizer was
higher in elongation, elasticity and toughness than PG film without plasticizer. These

results was correlated with the results reported by Gerddit, 2002.

’/ to retaining its physical continuity
n this study indicated that PG

ttle i
". —8 L
mint s, elasticity and toughness.

dressing film showed a s

In com ies between sterilization

techniques of PG film ssing=film de s~.. ated that % strain at break,

r.s .._'

_ & - \
of PG film. This results indi tedAEJ *'L eSSINg n had softness, strengthen and

toughness more increased, but;britilcness 1 decreased than that of PG film, as

stress at break and t

oven at 120 °C for 1 h

rilization by using hot air

odulas was lewer than that

shown in Table 7. _,;,-':-.*;‘_.;H:?’ :

The t:’— ical prc n ‘-. and PG dressing film by
using autoclave at IZEE’C, 15 T6/im*fo S owe@hat PG dressing film after
sterilization produced higher strength, softness and toughness, but lower brittleness

than that ofPﬂl%ﬁ@a% lﬁ%ﬁ}ﬁ w EJ '] ﬂ ‘j

¢ o e/

RS S AN T
film before and after sterilization in hot air oven, and autoclave showed that

nonsteriled PG dressing film with plasticizer was softer and tougher, and less brittle

than that of PG film after strerilization with hot air oven and autoclave, respectively.
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Table 6. A comparison of mechanical properties of PG film and PG dressing film
with plasticizer. Solid content of PG = 4.42 mg/cm’.; data are expressed as
means (SD) in parentheses; n=5

Physical properties
Sampl
ample Young’s Stress at % Strain at | Toughness | Thickness
modulas (Mpa) break (Mpa) (mm)
: 1.317 0.029
P i 1.045) | (0.456) | (0.002)
PG dressing film
with 15% propylene 1.909 0.027
glycol based on )91) (0.962) (0.004)
weight of PG '
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Table 7. A comparison of mechanical properties of PG film and PG dressing film
with plasticizer after sterilized by hot air oven at 120°C for 1 hr.
Solid content of PG = 4.42 mg/cm” ; data are expressed as means (SD)
in parentheses; n=5

Physical properties
Sple % Strain | Toughness | Thickness
(Mpa) (mm)

. 2.669 0.433 0.029
Stetile PG film 0.490) | (0.078) | (0.002)
Sterile PG dressing '
film with 15%propylene 0.929 0.028
glycol based on weight (0.230) (0.007)
of PG
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Table 8. A comparison of mechanic.l properties of PG film and PG dressing film
with plasticizer after sterilized by autoclave at 121 °C, 15 Ib/in® for 15 min.

Solid content of PG = 4.42 mg/cm” ; data are expressed as means (SD) in
parentheses; n=5

Physical properties
1
SRS Young’s ress at % Strain | Toughness | Thickness
modulas a) at break (Mpa) (mm)
. 3 1.628 0.306 0.028
Stetale PG Hlm 1 16 1154) | (0256) | (0.007)
Sterile PG dressing
film with 15%propylene 02 0.283 0.031
glycol based on weight A( 453) (0.136) (0.005)
of PG
-
r o
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4.3 Swelling Property of PG Dressing Film

The swelling property of PG dressing film was determined by using
the film size 1 x 1 cm’, impregnated in deionized water. The dimension of PG
dressing film was measured every 1 hr for 24 hrs. The result demonstrated that PG

film was swollen 1.5 fold compared to its original size as illustrated in Figure 9.

5. Wound Healing Evaluation

-

d'every 3 POD at days 3, 6, 9,
N

12,15 and 18.

eatment became hyperremia
(red in color), moderate sej@sanguis O ate appeared on wound surface with
wound swelling. These indica hatall wounds were in the acute inflammatory
phase of wound 17; ss. The wou 7 7' ’ ere illustrated in Figure
10. S Y |

POL reated with 1% povidone iodine

(control) showed red colgr severe exudate and scab was covered on wound surface.
The wound w i i ? this condition could
be due to de ﬂyosm ‘(aome wounds g‘”ﬁﬂ ﬁ:)ry lesion and swelling.
Woun it 5 y]m:fred with PG
dressing Tﬁj ﬁ%ﬁmﬁﬁ?ﬁ ﬁ,ﬂl exudate and

scab was appeared. The granulation tissue was more increased. However, one wound

in T, showed a sign resemble acute infection which was characterized by swelling and
sero-purulent exudate covered on wound surface. The wound appearances were

illustrated in Figure 11.
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Figure 10. The wound appe' on day;3:A control : a wound treated with
1% poyidon ne. B) "’f" : reated with PG dressing film.

C) Tys2a wound treated with 1% povidong igdine and cover with
C v 'n‘n h PG dressing gel.

¢
ﬂﬁﬂ’)‘i’lﬂﬂ‘mﬁl’]ﬂ‘i
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: PG dressing film

Figure 11. The wound app ay 6. A) control : a wound treated
with 1% povi ine:- B) Ty : awound treated with PG

 fil ; ith'1% povidone iodine

S '"“"‘"-fi fected lesions; by
ate -and became swelling.
3:la wound tr 5 d essin@el.
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On POD 9, all wounds in each treatment showed red to pink
color, dry wound surface, increase epithelial formation and wound contraction. All
wounds were cleaned and scabs were removed. The wound previously showed a sing
look like infected in T, was still inflamed. The wounds surface of T; was covered
with moisty exudate without inflammation, this appearance could be due to a high
water content of PG dressing gel. The wound appearance of all wounds were

demonstrated in Figure 12.

On PGDy V
a7

exudate, contraction and gpithelialization

each treatment were pink without

abs were still appeared and it

was removed. Most of wounds.ireated vit % film showed the smallest in

size compared with controlangd .. er/treatn . 51 \ g of infection previous saw in
the wound previously log \ red. The wounds treated with

PG dressing gel were ts and control. The wound

.,

i pale pink color, continuously

appearance represente

contraction and wound areas became very s : wound appearance illustrated in

Figure 14.

- ded. All wounds treated
with PG dressing ; €, the wound surface was
smooth and mild scarfing appe ome wounds in control, T, and T3

were not completely clgsed pale color, the scar formations were appeared. The

a""e“ﬁ‘u‘ﬂf‘? N ‘5 BN
AT ER A

covered w1th PG dressing film (T;), PG dressing gel (T3) and 1% povidine iodine
(control) showed 91.67 %, 90 % and 68.75% of complete wound closure,

respectively. The results showed in Table 9.
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Figure 14. The wound apj

ontrol: a wound treated
with 1% povidong! ‘,"-r wound treated with PG

dressing film. C) ed with 1% povidone iodine
and co er i ' f

ressing fi : a wound treated with
PG dressing gel . 5
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Figure 15. The wound app€arance on day A) control: a wound treated

a wound treated with PG
ith 1% povidone iodine
: . nd treated with

with 1% povidone
dressing film. Cj
and cover w
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Table 9. Wound closure rate of full-thickness wounds of pig skins after treated
with PG preparations on 18 days. Control = treated with 1% povidone
iodine, T,= treated with PG dressing film, T, = treated with 1% povidone

iodine and covered with PG dressing film, T; = treated with PG dressing
gel.

Treatment % area of wound closure

groups (No. of complete wound closure /n)

Control i "'-,.",'”// 68.75 (11/16)
S L/ E

-~ 100,00 (12/12)

— 67 (11/12)

s

90:00 (9/10)
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5.1.2 Wound Area Analysis

Wound creas were measured every 3 days starting from day
3 to day 18 by tracing the wound boundaries using sterile transparent sheets with
permanent marker. The transparent sheets were scanned and the areas of each wound
was computerized by using computer program of image analysis program. The

results clearly demonstrated on day 3 that the mean values of wound area in each

treatment were increased in comparisor ’ its value on day 0 in all group. The
e of each wound sweliing.

Inflammatory phase of healing pre plam this result. Data are

showed in Table 10. | | H

{\ area in each treatment was
reduced to almost equa | J.‘ sh \\ ) e 10. Inflammatory phase
or phase 1 of healing pr od, W d \ as stopped.
showed the reduction of its
ound arca reduced to almost half time

7= \
of their wound areas previously ‘cast cd OB D 6 as showed in Table 10.

PORALD LS, themean valuc obwgundvarea of T)and T, were

a significantly smalle y-' ’1 . However, wound area

of T) and T, were not s 1ﬁcant1y different from the T3

¢ wound areas on day 12

were 1.059 + 0. ﬁo ﬁﬁ Eﬁ ﬁpjm 179 em? in wounds
treated in contral u‘ 0 51gmﬁca.nt (»>0.05)
wound closure between Ts and co%ﬁ' 11 1}1 ’_] "J ﬂ EI ’_] a El

On POD 15, the wound areas of wounds treated with PG
dressing gel were the 4 times markedly reduced compared with the previous

measurement. Wound areas in 3 treatments were not significant difference (p>0.05)

between treatment groups and control (Table 10).
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Table 10. Rate of wound closure of full-thickness wound in skin of pigs treated with

PG preparations. Control =
with PG dressing film, T,=

treated with 1% povidone iodine, T, = treated
treated with 1% povidone iodine and covered
with PG dressing film, T; = treated with PG dressing gel. a, b,

significant difference between groups (p < 0.05).

e’ + SEM
Days l mean
Control (n—l - m 5 (m=12) Ts (n=10)
+ 0"¢ + s =507
0 | 4173 ‘% \}\\\EN 0.000 | 4.173+0.000
3| 5385%0. //A/éz \\ £0287 | 52990116
6 | 47710 / \ +£0.529 | 4.293+0202
4 1&? #\ )
o | 2832+ o g ;§,M ¢ \\\ +0240 | 238840245
12| 1.059+0.130° dl\ 5 0.116° | 0926:0.179%
15 | 0.468=0.11: 0.344+0.095 | 0.225+0.057
18 | 0.02340.0130" 0:005 £0.005 | 0.003 +0.003
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On POD 18, the day of experiment ended. All of wounds
treated with PG dressing film showed complete wound closure, mean values of
wound area was zero, whereas the values in T3, T> and control were 0.003 + 0.003,

0.005 + 0.005 and 0.023 + 0.013, respectively (Table 10).

A comparison of wound closure rates in Figure 16, calculated

as percentage of wound area, the result illustrated that wound closure in T; and T,

showed faster healing rate, percent of d areas clearly demonstrated significantly

small wound areas (P<0.05) v # ay 12 (Figure 16). The wounds
treated with PG dressing gel ed in same rate as wound in T} and T,

as well as in control.

5.2  Histop

The selected won : eﬁ_" his study was examined from 18 days
wound. It was in thefate hrr‘ ative: phase in wound healing process
(inflammatory phase, pioli atlv?.@yn -. odeling phase). On the basis

proliferative phase; the inflamniatory cells { s and macrophages) were decreased;

the epithelial cells were highly W

wound closure; the in

ation and differentiation for promote
;_)i; size collagen and they
and foreign body giant cells

were not appeared (Y glg etal, b O 998)@

ﬁ’%é@%ﬁaﬁ%ﬁ@ﬁﬁ iy were followed such

as epidermal h{perplasia and hyperl&eratosw subacute dermatitis, chromc dermatitis,

TARTRITITRUNN INYAY

Epidermal hyperkeratosis and hyperplasia were determined by

were decreased in "gv,-’

proliferation of epithelial with increased keratin production in stratum corneum.
From this study, the wound treated with PG dressing gel (T3;) showed statistic
significantly highest epithelial proliferation and hyperkeratosis by presented higher
score than those in control, T, and T,, respectively, (as illustrated in Table 11 and

Figure 17).
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Figure 16. A comparisoft of;
skin of pig at eve

with PG dressing filn;

covered

control (povidone iodine), 1716

| BTI (PG dressing film), n=12

T2 (povidone iodine + PG dressing filrm), =12

| B3 (PG dressing gel), n=10

) of full-thickness wounds in

s\ 18 days of treatment with PG
d 1% povidone iodine, T = treated
d with 1% povidone iodine and

atgd. with PG dressing gel.
@ 0.05).
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Table 11. Blind analysis of histopathological section in skin of pigs after 18 days
treatment with PG dressing preparations. Values represent validity score
range between 0 (no remarkable lesion) to 3 (severe). Control = treated
with 1% povidone iodine, T, = treated with PG dressing film,
treated with 1% povidone iodine and covered with PG Jressing film,

T2=

T; = treated with PG.dressing gel. Data are mean + SEM. a, b, c=
significant difference between groups (p < 0.05).
Histopathology Control T, T, I3
criteria (n= An=12) (n=12) (n=10)
Epidermal | . R .
hyperkeratosis and 1.750%6-138 " 4 1.256= 1.167+0.207 | 1.892+0.127
hyperplasia -

Subacute dermatitis

Chronic dermatitis

Dermal fibrosis

Dermal granuloma

0.417£0.229

0.568 £0.126

0.417+0.193°

1.684 +0.114%

1583 +0.149%

2.132+0.086"

1.000 + 0.348%°

1.367+0.175
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Figure 17. P micro of epidermal erkeratosis and hyperplasia of the
%ﬂ, G@tﬂqﬁxﬁttd Wit 1%

it ssing film. B and

C s owed moderate epidermal hyperlglatosm and hyp lasia. D) T5:

9 mmmum‘n TR

wound treated with PG dressing gel showed severe epidermal
hyperkeratosis and hyperplasia.
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Subacute dermatitis was characterized by a number of PMNs and some
macrophages aggregated in the lesions. The results illustrated that the wound in all
treatment groups showed no remarkable lesion to mild number of PMNs and
macrophages aggregated in the lesions. Some congested and hemorrhagic areas were

observed. The data was presented in Table 11 and Figure 18.

Chronic dermatitis was characterized by vascuiarization with

chronic inflammatory cells (lymphocytes, and plasma cells) aggregated in dermal

layer. The results demonstrated n control and T, groups showed the

ag dermal layer by presented mild

no re sion to mild degree which is

significant different from hereas, the

same mild chronic inflamm
score. The wounds in

ound in T3 showed moderate

lesion and significant the The data demonstrated in Table

11 and Figure 19.

Dermal fibro (ﬁ ' easing a number of reactive
Wounds treated with PG
dressing gel showed statistig'signific a1 Ty highest fibrosis score than control, T and
T), respectively. While, the wot ',._.=; ted with PG dressing film showed statistic

= ..w”.w,.e.f _
significantly a least fibrob ated in bl and Figure 20).

e

Dermal™ gram rized by central necrosis and

proliferative zone surrounded by macrophages lymphocytes and plasma cells with
occasionally f dermis. The results
represented thﬂuﬂxﬂmﬁ‘ﬂﬁwmoﬁ B?ad the highest tissue
reactio se al ﬁﬂ formation in
demal@mea ﬁ/ﬁﬁd moijﬁﬁ) ﬂrﬁ ﬁ ered with PG
dressing film, and PG dressing gel showed mild dermal granuloma formation,
respectively. In the opposite, PG dressing film showed statistic significantly a least

tissue reaction by presented no remarkable lesions granuloma formation in dermal

layer. The data was demonstrated in Table 11 and Figure 21.
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Figure 18. Photomicro ;4_] ohs of subacute derma of the unds. A) normal skin.

B) control a wound treated w1th 1%povidone iodine. C) T;:a wound

treate eated withl % povidone
1od1n n : ﬁ;ﬂvo nd treated with
ere e of inﬂammatory

cells aggregated in the lesmtl

ammﬂimumaﬂmaa
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Figure 19. Photomicr%rghs of chronic (@natitis of the wounds. A) normal skin.

t ‘ Ate 9 i todine showed mild

B ebl b Wibpeltyelb] QT | oo et with PG
dréssing film showed mild score of chronic inflammatory cells.

, T,: a_wound treatéd with 1% o¥idone iodi’r}‘e and’ covered with
RN A AR o
q n atory "cells.” 'E) T3: a 'wound treat W'[t ressing gel

showed moderate score of chronic inflammatory cells in the lesion.
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Figure 20. Photomicrograph of dermal ﬁl');oms of the wounds. A) normal skin.

ﬂ uﬂmﬁmmmmfg it

Bdine and covered wi PG dressing film. B, C, and D were showed

N AT BT P R g e



65

Figure 21. Photomicrograph of dermal granuloma of the wounds. A, ,A, showed moderate
score of granuloma formation in wound treated with 1% povidone iodine. B, B,
showed no remarkable to mild o f granuloma formation in wound treated with
PG dressing film. C;,C, showed mild score of granuloma formation in wound
treated with 1% povidone iodine and covered with PG dressing film.
D,,D, showed mild score of granuloma formation in wound treated with PG
dressing gel. A,, B,, C,, and D, were high magnification of A,, B,, C,,
respectively. Arrow showed granuloma formation.
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