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Fig. 1. Measurement of residual wound area of rat skin after covered Alg-NC (negative control) for 3 days. (A) A

photograph showing the wounded area; (B-D) Photographs of wound residual area taken by CCD camera. Note the
wound residual area (%) was calculated by the area of wound (C) and divided by total excised area (2 cm x 2 cm) (D)

and then multiplied with 100.
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Table 1. Time and procedure of treatment of wound dressing on rats

Time of changing

Treatment Type of wound dressing

wound dressing

Procedure of application

Alg-NC
(Negative control)

Kal-PC
(Positive control)

Kaltostat” dressing

Tp-nonW
(Tremella-polysaccharides) nonwoven dressing

One time at 3, 7,
10 and 14 days

Tremella polysaccharides One time at 3, 7,
10 and 14 days

Sodium alginate nonwoven One time at 3, 7, 1. Wound cleaning with 0.9% sterile saline
10 and 14 days 2. Covering with Sodium alginate nonwoven

dressing (2 cm % 2 cm)
. Covering with gauze (2 inch®)

. Wound cleaning with 0.9% sterile saline for
. Covering with Kaltostat” dressing (2 cm * 2 cm)
. Covering with gauze (2 inch®)

. Wound cleaning with 0.9% sterile saline

. Covering with Tremella polysaccharides non-
woven dressing (2 cm * 2 cm)

. Covering with gauze (2 inch®)

N = W N = W

W

A (re-epithelialization) ~ PYZEE (granu-
lation) ~ IME#H 4 (angiogenesis) FFfK T LI E
BHT o FEAL T BUR 04 S5 - HirpofR
A IF ST (-, none) ~ 1ARFESH (+, slight) »
2REFEHFEE (++, moderate) ~ IREZE TS
(+++, complete) Je4fRFHEZE (++++, thick gran-
ulation) (3%2) °

BEESt

KEAE AR 2 fEREI RS
FEfH (Alg-NC) ~ Btk $H R (Kal-PC) B3R
B % BEE0EHH (Tp-nonW) 43 81H312.76 g +
1525g~ 31756 g+ 11.21 ght311.52 g+ 11.89 g ;
BT RSHBEE 51 F5323.04 g + 14.96 g
328.84 g+ 11.89 g;z327.60 g +20.88 g 5 10K
HAHBEE 532744 g+ 17.24 g~ 330.96 g +
16.14 g2328.65 g + 15.61 g ; 14K SRS E
S3Ak341.28 g+ 19.09 g ~ 347.36 g = 9.83 gt
336.43 g + 18.83 g » RHMIMEEE A (p >
0.05) °
BIOEEREHE

B BRHORt K R EORHE K B RE Al T
B3~ 7~ 10R14AKESTEIE « WE2FR - 553
K (ER2A-C ) » ALK E R A B JE EfH A%

2 BAHEERLIE - RO Bk LR %R
FEB IR o LIAlg-NCHH K Tp-nonWHHE HI R
TR Z > T Kal-PCAHZ B TR RyRiz e H 3R
THIR P28 o R RH B R AR RO 5 LG B
R4S 5 Kal-PCH K Tp-nonWiHH AT B35
BRI B AR S - 57K ([B2D-F) » &4
K B RZ IR R 11 e L ] [ A 2 B P AR e
A AR 2 RIEB K+ AHHBIE B
IEICHE - BT R/ 5 ] S A R A
(granulation tissue) A2 + [RIFF IS EAH % 2
WAL » BURINEIME T BB SR - ZHKE
RIS 16 LIKal-PCHUREE - 510K
(E2G-T1) » FHAHAK B R R AI I b S EIRH A% 2 AT
[ Bk - A0 B B RIEB K - &
FHAI T A RAE O - DAKal-PCAH ([E2H) K
Tp-nonWiH (IE21) & R#E - Al EEE ]
RS © $514K (E2)-L) » RALKE Al
IR EFL I - DIKal-PCAH ([82K) e hy
Z - Al @S R E - FERIC ] R R EEE
FE& o Tp-nonWHH ([E2L) Bl CKCHE RS A i
Alg-NCH K Kal-PCHHZ[H » Bl T 7R3 Ry
5+ JEEIFER] R B2 -
BIOmE&E

Pl 25 i Alg-NCHH ~ Kal-PCHH
Tp-nonWiHHZ KEFE RIS ~ 7~ 10
1ARFEETEE « WER3FTRAERER - 53X
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Table 2. Criteria for estimation of wound healing on rats (Based on reports of Altavilla ef al. 2001, 2005)

Score Re-epithelialization Granulation of tissue Angiogenesis
0, - Absent Inflammatory tissue Absence of angiogenesis, inflammation, and hemor-
rhage
1,+ Little epidermal and dermal  Thin granular layer Altered angiogenesis (1-2 vessels per site) character-
organization ized by a high degree of edema, hemorrhage, and oc-
casional congestion and thrombosis
2, ++ Moderate epidermal and der-  Moderate granulation layer Few newly formed capillary vessels (3—6 per site),

mal organization

3, +++ Complete remodeling of epi-
dermis and dermis

4, ++++

Thick granulation layer

Very thick granulation layer

moderate degree of edema and hemorrhage.
Occasional congestion and inter vascular fibrin deposi-
tion; absence of thrombosis

Newly formed capillary vessels (7-10 per site), mod-
erate degree of perivascular and interstitial edema and
congestion.

Absence of thrombosis and hemorrhage

Newly formed and well- structured capillary vessels
(10 per site) vertically disposed toward the epithelium
and at the wound margins. Slight degree of perivascu-
lar edema

AR BB CIHE (residue area) 471
F565.9% + 8.7% ~ 68.2% + 10.3%5272.7% +
3.3% ; BBTRZ A E R mE 5 5 Ry
41.0% % 13.0% ~ 30.7% + 5.8%}5244.8% + 6.3%
BAHN M EFE T 10K R B RS
BITERE S A E527.5% + 7.1% > 18.9% + 2.8% %
22.0% + 6.3% » Kal-PCFHEZ Alg-NCH HEAHA]
CIBRAEHE BRI (p < 0.05) 5 H14 R 2%
A B B A 3 5 R 19.7% + 5.7% »
6.7% + 2.8%5210.0% + 2.7% » Kal-PCHH K
Tp-nonWHHAHE Y Alg-NCHHE 5 2 88 B35 1 #g
/N (p <0.05) °
BEEE

Bl RSB ARIFTIR » B3IRZ
FAHKEZ AT (healing area) 437515y
34.1% + 8.7% > 31.8% + 10.3%527.3% +
3.3% 3 BT R AR K B R i A ThI R 43 ]
F559.0% + 13.0% ~ 69.3% + 5.8%255.2% +
6.3% 5 H10RZ FHHA B e A TR 537 Ry
72.5% £ 7.1% > 81.1% + 2.8%278.0% =+ 6.3% °
Kal-PCAHELAlg-NCAHAHEL HL R MERS D (p <

0.05) 3 14K 2 2HH K B L RE O & it 47
A E580.3% £ 5.7% ~ 93.3% + 2.8%5290.0% =+
2.7% » Kal-PCHHEL Tp-nonWHHFHEF R Alg-NC
FHE R S AR R TR (p < 0.05) ©
B RIEET (L

FIREAK B R RS B Bk R B % 14 KBl 1R
G AE I EAHREELY) e (B3) - S
JEFE B RS EE R 53 » Ag-NCHH ~ Kal-PCHH »
Tp-nonWHHS Ay 1.653 + 0.553 ~ 1.85% + 0.453
e 1.853 £ 0457 5 Bl R AR AR
153 » B R1.853 + 0.453 ~ 2.653 + 0.953
2253 £ 0.457 5 B 22 R AH A B
FEoy » B A RS20 + 0453 ~ 1.453 +0.553
Fe1.457 +0.557 3 TErHRRBEEER s » 25-H5 01
Fe4.653 +0.551 ~ 5.853 £ 0.553 J5.45% + 1.043
WZeaFfR » HHHEEEEESE (p > 0.05) ©
Kal-PCAHEATp-nonWHHZ BB (3/5) B S
CL5e 4 » 1 A ET GRS R & 8 A e B
53 ELAlg-NCHHAH FL RIS M 22 52 - HEHIA Ry
Bl A A AR RE AR A 2 I » A
FHARE I (structure remodeling) FITEL » 5ZEFH
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2. REUZREBIGBORIEEER 3 ~ 7~ 10 & 14 RAICHEAPIHREIZE - 553 K ¢ (A) RIS (Alg-NC) 5 (B)
AR (Kal-PC); (C) SRE ZREECEL (Kal-PC) <3 7K (D) [ TEHIHHE  (B) B MRS G (F) SRE 2 BEHE -
B 10 K - (G) BETEERHE - (H) RS ERGE (D) SREZEEECE - 268 14 X« (0) BRMESIRE  (K) BBl
(L) $RE ZREEE -

Fig. 2. Naked eye observation of healing of surgical wounds of rat skin covered with wound dressing for 3, 7, 10 and
14 days. Left column (A, D, G, J): Rats were treated with Alg-NC (Negative control) for 3 (A), 7 (D), 10 (G) and 14 (J)
days. Middle column (B, E, H, K): Rats were treated with Kal-PC (Positive control) for 3 (B), 7 (E), 10 (H) and 14 (K)
days. Right column (C, F, I, L): Rats were treated with Tp-nonW (Tremella polysaccharide dressing) for 3 (C), 7 (F),
10 (I) and 14 (L) days.
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Table 3. Area of residue and healing of each wound dressing covered on surgical wounds of rat skin

IREZHEBEAIL AR 7

Duration of

treatment (Days) Area (%) Alg-NC” Kal-PC Tp-nonW
3 Residue * 659+ 87" 68.2+10.3 72.7£3.3
Healing * 341+ 8.7 31.8+10.3 273+33
7 Residue 41.0+13.0 307+ 5.8 44.8+6.3
Healing 59.0+13.0 693+ 58 552+63
10 Residue 275+ 7.1 189+ 2.8%* 22.0+6.3
Healing 725+ 7.1 81.1+ 2.8%* 78.0+6.3
14 Residue 19.7+ 5.7 6.7+ 2.8% 10.0 £2.7*
Healing 803+ 5.7 933+ 2.8% 90.0 £2.7*

“ Alg-NC: Negative control; Kal-PC: Positive control; Tp-nonW: Tremella polysaccharide dressing.

¥ Wound residual area (%) was calculated by the area of wound and divided with total excised area (2 cm x 2 cm) and then multi-

plied with 100.

* Wound healing area (%) was calculated by the formula: Healing area (%) = (total excised area of wound)/total excised area (2 cm x 2 cm) X

100.

“Data was expressed as Mean + SD (n = 5).

* Significant difference between the control and treated groups at p < 0.05.

A IRE PAY 24 R A R B o A B R UL (ma-
ture collagen deposition) * i EERHHE (scar) °

S

DUKER (SD rats) AT ERLUETEHERE HI2 cm x
2 cm » DLFAly T B AR YIBHAGEL R 50 2 g
JZRE (full thickness) o HUHEERESBORH G B
I B LUE RIBAT B R s P L AR (]
E o BRI - 7 10K 14K ETE IS
B RSk o WARFIERHEIN LIS » KSR
o BRI S BORHE K RS R Y ER LR
(%) HEREE VAR (p > 0.05)  FAEE3 ~ 7~ 1052
14K EFT .2 R 81 1 A T b R R e
S HTEER » Kal-PCRHIAT#2 10 5 14 RAERIITiH
TEAHE A Alg-NCAHA#ZEE TR (p < 0.05) 5
Tp-nonWHHTE AT % 55 10 K Z S B I IS By
Alg-NCHHHTERY80.0% » fii1& 5514 K Z KT8]
IS Ry Alg-NCHHIAITE 2. 50.8% » HA#HET
B EEEMEE R (p < 0.05) ; REEATHIRE L
2 > Tp-nonWHHAEMTER 10K K2 55 14K & S
R Alg-NCHH 3 B 1120.0% 52 49.2%
IREEME R 2R (p < 0.05) - FHRR

TREIEEAL S 14 R BRI AR - R BT
43Kal-PCHLEs5.843 » Tp-nonWHHAARE 73 5.4
g3 0 FHEHA Alg-NCHH4. 677 8 _EFH#ss
{ERMERS R SRR » REMEHE: FEE =5
(»>0.05)°

BRAh » FEAH RS B B4 T ] FLALg-NC
#H K Tp-nonWHHTE A AR AR A R EAGLE
B i - Kal-PCHHIRE A3 A BB ol
1 ([E3) » HLERIREIEEAS R - BoRt B AT
REEEY - YANRSRE - R
R BB BRHAR BRI GGRIIAIE A - ATDIEE
B Ry B I YA R IE VLS - WA 5
e FE PTREFEAY 1 2% 58 22 1HR (Matthew
et al. 1993; Odell et al. 1994) » RBLERGIR 132
o RS BORH R M SR B G PATE  — A
RIS PERREAERT R o (B IR AR S T
BT acHatk o nf DUSEOKIS TEIB RS ERENE  i
BT B B E AR B REATRSBR (Berry et
al. 1996) ° fEARKEREEH » A Tp-nonWiH
Kal-PCRAMIER Fr & B 2 A A RBAE AR B/ N
DRI/ 2 6% » R B b S mT DA SEE B Wk
HIIME BRI - HEE T 4 A SRR A AE
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3. BECEHEOG 14 R K ERILE S Z N EE RAHBOHRELY - (A) IEH KM + (B) B3 URH B2 R
(Alg-NC) ;5 (C) BV EBHHEMH RS (Kal-PC) 5 (D) $RE ZHEEOEL (Tp-nonW) » Masson’s Trichrome staining, 40 °
Fig. 3. Histopathology of healing granuloma formed on surgical wounds of rat skin after 14 days of covered with
wound dressing of Noraml skin (A), Alg-NC (B), Kal-PC (C) or Tp-nonW (D). Magnification: 40x.
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Table 4. Pathological scores of healing of wounded tissues of rats by the treatment of wound dressing

Type of wound dressing

Pathological score Alg-NC”* Kal-PC Tp-nonW
Epidermal and dermal regeneration 1.8+£04" 26+09 22+04
Granulation tissue thickness 1.6£0.5 1.8+04 1.8+£0.4
Angiogenesis 12+04 14+05 1.4+0.5
Mean score 46+0.5 5.8+0.5 5.4+1.0

“ Alg-NC: Negative control group; Kal-PC: Positive control; Tp-nonW: Tremella polysaccharide dressing.

¥ Data was expressed as Mean = SD (n = 5).

AEAHEHERT F - (BT A PR AR
T HL G RBAE R - [RIFRF A IGABR S
TR E R RN - HEHI M REAE RO AL B IR
Weikefe] o SRE 2 B0 B E RO R SR E 2

W ~ YRR R B LSS - HER R ER E 20k
AT HORHRE - AT SESUBCRH R BRI ELHT (Pan-
chatcharam et al. 2006; Roh et al. 2006) HI5RERE
ZIEASEATBRHMEE S e SR -
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DAEh A1 1 & B B o2 4 e A1 1 R R st
eyl - EERAHE (%) S - 5510
R BHKE R RG CRm AR - G RH
(Kal-PC) Blft:$IIRAH (Alg-NC) FHELELEHZ
T EFF (p < 0.05) 5 EE14RANG B A - R
H 25 T B0t E B s 1 S IR A B i BB 1
ETF (0 < 0.05) < BREBIC M ERZHAE
HE s B AR 0 = HE SR Ok AR s B 1
B (T BokiKaltostat”, Kal-PC) > fREZ%
AR AT R (Tremella polysaccharides non-
woven, Tp-nonW) > ¥ (Sodium algi-
nate nonwoven, Alg-NC) °
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Effect of Tremella Polysaccharides Nonwoven Dressing on

Healing of Surgical Wounds of Rats'

Kun-Chao Chen®’, Jhaol-Huei Wu™’, Chung-Hsin Chen’, Jiunn-Wang Liao™”,
Chan-Yi Yang’, and Shu-Hui Yang™®

Abstract

Chen, K. C., J. H. Wu, C. H. Chen, J. W. Liao, C. Y. Yang, and S. H. Yang. 2012. Effect of Tremella polysaccharides
nonwoven dressing on healing of surgical wounds of rats. J. Taiwan Agric. Res. 61:1-11.

Some commercial products used as wound dressing in clinics are made of natural polysaccha-
rides which are biodegradable and biocompatible. Polysaccharides extracted from fruiting bodies of
Tremella fuciformis are nature polymers with moisturizing and anti-inflammatory properties. The ob-
jective of this study was to determine effects of the Tremella-polysaccharide non-woven product (Tp-
nonW) as wound dressing on healing of surgical wounds of rats. Results showed that wound dressing
with Tp-nonW or Kal-PC (a commercial product Kaltostat” made of Calcium/Sodium Alginate and
used as positive control) significantly (p < 0.05) decreased the wound area of rats. Compared to the
treatment of wound dressing of Alg-NC (a commercial product made of Sodium Alginate and used as
negative control), the healing area of wounds covered with Tp-nonW for 10 and 14 days increased by
20 and 49.2% respectively. Results of the histopathological study showed that the score of regrowth
tissues from wounded skin was 5.8 and 5.4 for the treatment of Kal-PC and Tp-nonW, respectively,
compared to the score of 4.6 for the negative control Alg-NC, but the difference among these three
treatments was statistically insignificant (p > 0.05). This study suggests that Tremella-polysaccharide
non-woven dressing (Tp-nonW) has wound healing properties on rats and it may warrant further stud-
ies in human clinic trials.

Key words: Tremella fuciformis, Polysaccharides nonwoven, Wound dressing, Animal model.
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