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Effect of Green Tea Extract on Healing of Contaminated Wound in Dogs
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Abstract : The purpose of this study is to assess healing effect of the green tea on Staphylococcus contaminated wound.
On the back of 7 dogs, 6 full-thickness skin wounds (2 cm><2 cm) were made and Staphylococcus intermedius was
inoculated. Each wound was applied with the 2% (experimental group 1), 1% (experimental group II) extract of green
tea and normal saline (control group I) after inoculation. The wound contraction rate of the experimental group I and
I was higher than that of the control group in entire period. And from the 6™ to 22™ day, the wound contraction
rate of the experimental group I and II was significantly higher than that of the control group (p<0.05). The occupation
rate of wound healing in the experimental group I was higher than that of the control group from 0 to 9" day except
from 1% to 2 day and also higher than that of the experimental group II from 0 to 3" day except from 1% to 2™
day. And the occupation rate of wound healing in the experimental group II was higher than that of the control group
from 1% to 8" day except from 2™ to 3™ day. According to concentration of green tea extract increased, the wound
contracted more vigorously in earlier period. The tensile strength of the experimental group I and II was significantly
higher than that of the control group(p<0.05). And that of the experimental group I was also higher than in the
experimental group II (p<<0.05). The number of S. intermedius in the experimental group I and II was decreased
more rapidly than that of the control group. From the 4™ to the 11™ day, the number of S. infermedius in the experimental
group 1 was significantly lower than that of the experimental group II and the control group. And from the 4" to
the 7" day, the number of S. infermedius in the experimental group was significantly lower than that of the control
group. The histopathological findings of the experimental group I and II were similar to those of the control group
on the 1% and 4™ day. On 14" day, reepithelialization was completed in the experimental group I and II except the control
group. Higher wound contraction rate, better bacteriocidal action, higher tensile strength and better histopathological
findings were observed in the experimental group I and II than in the control group. These results suggest that the
topical application of green tea extract can promote contaminated wound healing in dogs.
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Fig 1. Wound contraction rate (decreased wound size) in the
experimental group I, II and the control group. Wound
contraction rate was higher in the experimental group I and II
compared with the control group throughout whole

experimental period. * p<0.05 experimental group I, II versus
control group.
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Fig 2. Occupational rate of wound healing in the experimental
group 1, IT and the control group.
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Fig 3. The tensile strength of the experimental group I, II and
the control group on the 22™ day. a:p<0.05 experimental

group I, II versus control group, b:p<0.05 experimental
group I versus experimental group 11
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Fig 4. Antibacterial effect (decreased number of CFU) in the
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experimental group I versus experimental group I
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Fig 5. Microscopic findings of the skin on 11" day in the experimental group 1 (A), the experimental group 11 (B) and the control
group (C). H & E, X 100. Reepithelialization and inflammation were compared.



554 AR - AT - gy - g9 -

A AREMEY AFE FR P 50 279
dojd Aoz Atsdr)

718 B NE BEE Y 7F Y FAx=E I
g 4 Joln) AFZIE YRz v 12 AS AT
098 A £ A8 FH&S BIoH, AAF0e HsiA
E 128 AE A9 034 A 52 A5 AFEE B3
o A2 izl vE 2-3d AE A 188 A
< A8 AfEs Btk wepy Z3 &80 TFHA
3 FHUhs 23E Fo] 7] A X8/ Bl o]Fo]
on, =3t FEEY FE7t oHETE 27 A4 A8
HFol ARS & & AAUTh Y 58 o] A He
£ Zole dl a9} eH (4,10, ol= JolxA 9 7lwy
ol oJ3fiA o] FojZITH(19). WEtA A FEo] s
R Al7lo 2 oA Sotzz AAe] Eus] vepd A
o= Az

ol AfrEe AFoA iAol Sk guld B
FAY collagens FG3k=t, ©] collagens A4 T
o] dFo= 1R vEAn NEHL TN, 239
A9 A=E B9ETH(,15,25,30). AREAHIES} collagen
4L vitamin A% <34 AFEM, vitamin C& collagen
AL $18 prolined?} lysine®] hydroxylationg 18] 24
#oltk(7,16). WA AFH=E SH3l ] AR B
£ Wi & v Agsigth 2 Agelx A9
At EE AR AIAZIWt RFET f94 A =
Al YERstTHp<0.05). A8 480 A=t gz
wHT 29 A2 APZNA collagen FAd0) 2710 &
WA doft7] WiEoZ ADEHY, ol Hxlo| FHsA

d
Ay
X

& HyY

2

F3E0] 93 vitamin A9} vitamin Coll 23 Ao g AzpET,

B 2 GF st ME S4o] HASHA HA, A
A7 ok Azt Ak R Fatsl 9 AakdFo) <
S NEEAO R 23FHO HE &Afo] WAlEle] BA) X5
7F el == (12,21), =29 polyphenol 2 flavonol A3+
< A8 A AT A 715 AEee] A4S g
o3t M2 B LS JERATE B dea] AgFe] o
2R A AR 2 rsleE AL s3] AR 5
4719 e gt B ISR 98 RAojgt AlEETh

=2} 289 Staphylococcus aureusd] W3 Fdz-go]
HIE18) ©l:WNE Vibrio mestschnikovii®}  Alcaligenes
faecalis 5o 0@ SFEAI Clostridium botulinum EAt
o thet dtAdol EaE vl lokdl). 2 A= 7]
o5 Agel] FgRle] HH, F4 HF FoF ¥l
Staphylococcus intermedius(2,6,11,22)5 gl HE3te
& F 4,7, 11, 2190 A Y 3FE A E
EZXA =, A ol =23 Algge Wk Ald ¥
F 1¥ ARE 118 A7 53] 72ashs %S JEld
on, 14 AFH 219 A7 gutebA Zashe 43S
VERATE tisat Hlwste] AdEs dgae] Aasrt
O 243 744%e 8 F J9aL(p<0.05), gzl 43
TIHEY M7t O 5535 Z4ge 2 5 AAtp<

E

27U - AAE - B - ol

0.05). AFF, AFZN 2T hF29) Al Hshes 8
Z719} olBA A7) 283l FSAHZ et et A
o, Azl AFFNe] B A FE2EY] YHEAR
&) AFrt tizeEy o MEA 7ad 2es 4744
o} 3 =3 228 Ut 2ol E AW AR
< ¢ F U

A A AR GEE olEAAE v 7T
ZXAAZ7L Jehde, o] & EXAAEE 4% A 3B
g A A7 22 2 H/EAE ASIAE BHg)
o] Al71e FE719} olF AAZIZY A B Aee
711 Reth12). B A3e] W 27 oM A8E
I AgEne A 2 F1d A9 44 Aol gz
FARE 9% W8-S JElY FSAEt Bol #RES
U, 79 ARE AAM3] hshe 43S EATh dETellM
= 1Y ARE AAM3] Zaste %S 2ok 299 3
3 8937 AARE AANTI=T(16), TE Aol A
AT e o] BEFHRX 22 v, AP2IS 2T
NNe Y9 4o A

AeRAZE 4 2 5 79 ARy AEZL A3
33 g2l BEE7] ARSI, ARRAES]
gL AWEEdME F2 FHOE YERer, XudSd
e F2 FEHOE ek

Av)Ze] FALe AT APFAA 79 ARE B
7] AR eH, daMe 11d A F3] Al F
Bolxgh At A 2 F 219 Adle A9
AP FY o7t S8 A&gEe] 4sFe] FEEUO,
zZdMe S F it ¥El 248 248 B9
ME Ag7e AT £57F MEA JYHL UL ¢
F den, 2% =3} FEEL MXG AP HFE1
o Hls) AYAF &=} wEA AYES & F UAATh

olde] AN, E3F FEES IF IR A
2L catechin®] 7 AFS} FAF It FAEHY o
EAAYG dF g3l =88 Fo 9F7IE ST 3o
2 AzbEc), 3 5219 vitamin A9} vitamin C7F A%
HEZE AF3TL collagen TS 313k Ade] #HAIZE
S TSN, AEe] el Aas A48 gAA F=,
e AR5 243 AT AT =3 FEES Y
o] Aol ABAR AMEFoEN FHE AFE T
£ YL Acz AgdEn

_.1

JE:I

T

H2p FEE0 719 IR AEF ARl oHd IR F
A Gotry] S5l A £5E, 717 X8 AR, o
=, A, WexAE Axe @ 2 os3t 2

AET A2 A A 7l 2A daLEy =

& A &8 ERgleH, A fd T 16~18Y
AE A3 6~229 A7A A1 AT iRzl

Hjs] A3 E=JTHp<0.05).



el s

71708 A8 AHgolA, A7 gzl va) 1-2¢
AL Ae 099 A 2 AF FHES BHYoH, 4
=1l HEME 128 AZ A 032 X =& X8
&8 Bth AEFIE dz2el viE)] 239 AS A9
g 189 A =& XE FRHES Bk

A Fd T 229 Ao AR IR AP A
P2 HE2FET 34 Vel o™ (p<0.05), AEwe] 4
FZET A4 Yelstth(p<0.05).

B Aaee A 52 F 19 AR 3438 124
371 st 119 A7EA] A8 A2 g2l
Hlat] Algert O 343 2A3132(p<0.05), Ao
AR 240 Frt o F4381H T p<0.05).

el 237 A7dA AEiE AEZIE vzl vls)
FE717F @A BT A L F 21 Ao HEE
I A¥FE Ju7E s AgEol dslge] #EH e
U, tizolres el Aol aER gt

wEA, g Af 3 BHoE %3} FEEL A3}
A =9, ] A 717 97 Y W deadE
YeRH, JAFEE F7H7)a XY A =58 F
o] A Xrol adHolzt AgE.

=L

o

1. Amra Perva-Uzunalic, Mojca Skerget, Zeljko Knez, Bernd
Weinreich, Frank Otto, Sabine Gruner. Extraction of active
ingredients from greent tea(Camellia sinensis) : Extraction
efficiency of major catechins and caffeine. Food Chem. 2006;
96:597-605.

2. Anna Ritta Blanco, Simona La Terra Mule, Gioia Babini,
Spiridione Garbisa, Vincenzo Enea, Dario Rusciano. (-) Epigallo-
catechin-3-gallate inhibits gelatinase activity of some bacterial
isolates from ocular infection, and limits their invasion
through gelatine. Biochemica et Biophysia Acta. 2003; 1620:
273-281.

3. Archibald J, Blakely CL. Basic procedures and preoperative
consideration in Archibald J; Canine Surgery, ed 2. Santa
Barbara. American Veterinary Publication Inc. 1974; 22-24

4. Berg JN, Wendell DE, Vogelweid C., et al. Identification of

the coagulase-positive staphylococcus sp. of dogs as staphy-

lococcus intermedius, Am J Vet Res, 1984; 45: 1307-1309.

. Bryant WM. Wound healing. Clin Symp. 1997; 29: 2.

6. CL Gallant-Behm, H Tsao, C Reno, ME Olson, DA Hart. Skin
wound healing in the first generation(F1) offspring of
Yorkshire and red Duroc pigs: Evidence for genetic inheritance
of wound phenotype. Burns. 2006; 32: 180-193.

7. Erlich P, Hunt YK., Effects of cortisone and vitamin A on
wound healing, Ann Surg 1968; 167: 324.

8. Faye A Hartmann, David G White, Susan EH West, Robert D
Walker, Douglas J Deboer. Molecular characterization of
Staphylococcus intermedius carriage by healthy dogs and
comparision of antimicrobial susceptibility patterns to isolates
from dogs with pyoderma. Vet Microb. 2005; 108: 119-131.

9. File TM Jr and Tan JS. Treatment of skin and soft-tissue
infections. Am J Surg. 1995; 169:278-33S.

10. Gabbiani G and Majno G. Dupuytren's contracture, Fibroblast

wh

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

2R Agol ot A 2280 Frew &9 555

contraction Am J Pathol 1972; 66: 131.

Gabbiani G, Ryan GB, and Majno G. Presence of modified
fibroblasts in granulation tissue and their possible role in
wound contraction. Experientia 1971; 27: 549

Graham HN, Green tea composition, consumption, and
polypheno! chemistry, Prev Med, 1992; 21: 334-350.
Johnston, DE. Wound healing arch. Am Coll Vet Surg. 1974,
3:30

Hedlund, C. H., Surgery of the Intergumentary System, Small
Animal Surgery 2nd ed., Mosby, St. Louis, 2002; 134-228.
Hirota Fujiki, Masami Suganuma, Sachiko Okabe, Naoko
Sueoka, Atsumasa Komori, Eisaburo Sueoka, Tomoko Kozu,
Yukiko Tada, Kenju Suga, Kazue Imai, Kei Nakachi. Cancer
inhibition by green tea. Mutation Research. 1998; 402:307-
310.

Hosgood, G, Wound Repair and Specific Tissue Response to
Injury, Textbook of Small Animal Surgery 3rd ed., WB
Saunders, Philadelphia, 2003; 66-86

Huang Y., Zhang A., Lau CW, Chen ZY, Vasorelaxant effects
of purified green tea epicatechin derivatives in rat mesenteric
artery, Life Sci, 1998; 63: 275-283

Hii CS, Howell SL, Effects of epicatechin on rat islets of
Langerhansns, Diabetes, 1984.

Ikigai H, Nakae T., Hara Y., Shimamura T., Bactericidal
catechins damage the lipid bilayer. Biochim Biophys Acta,
1993; 1147: 132-136.

James L Watson, Maria Vicario, Arthur Wang, Miquel Moreto,
Derek M. Mckay. Immune cell activation and subsequent epithelial
dysfunction by staphylococcus endotoxin is attanuted by green
tea polyphenol (-)-epigallocathechin gallate. Cellular Immunology.
2005; 237: 7-16.

Johnsenm DE., Wound healing in skin, In: Plastic and
reconsiructive surgery. Vet Clin Nor Am 1990; 20: 1-25.
Kelly C., Hunter K., Crosbie 1., Gordon MJ, Dutta-Roy AK,
Modulation of human platelet function by food flavonoids,
Biochem Soc Trans 1996; 24: 1978

KF Chah, CA Eze, CE Emuelosi, CO Esimone. Antibacterial
and wound healing properties of methanolic extracts of some
Nigerian medicinal plants. J Ethnophamacology. 2006; 104:
164-167.

Linna Zhang, fan R. Tizard. Activation of a mouse macrophage
cell line byacemnan. The major carbohydratate fraction from
Aloe vera gel. Immunophamacology. 1996; 35: 119-128.
Lloyd DH, Allaker RP, Pattinson A., Carriage of Staphylococcus
intermedius on the ventral abdomen of clinically normal dogs
and those with pyoderma, Vet dermatol, 1991; 2: 161-164.
LSB, Fraga CG (+)-catechin prevents human plasma
oxidation, Free Radic Biol Med, 1998; 24: 435-441.

Majeti NV, Ravi Kumar. A review of chitin and chitosan
applications. Reactive & functional Polymer. 2000; 46: 1-27
McFarland, J Nephelometer. An instrument for estimating the
number of bacteria in suspension used for calculating the
opsonic index for vaccines. ] Am Med Assoc. 1907; 14: 1176-
1178.

Medleau L., Long RE, Brwon J.,, et al. Frequency and
antimicrobial susceptibility of Staphylococcus species isolated
from canine pyoderma, Am J Vet Res, 1986; 44:601-605.
Mellin TN, Mennie RJ, Cashen DE, Ronan JJ, Capparella J,
James ML, Disalvo J, Frank J, Linemeyer D and Gimenez
Gallego G, et al. Acidic fibroblast growth factor accelerates



556

31.

32.

33.

34.

35.

36.

AR - g - 9y - $97

dermal wound healing. Growth factors. 1992; 7:1-14.

Nuria Caturla, Eva Vera-Samper, Jose Villalain, C Reyes Mateo,
Vicente Micol. The relationship between the antioxidant and the
antibacterial properties of gallyolated catechins and the structure
of phospholipid model membranes. Free Radical Biology and
Medicine. 2003; 34(6): 648-662.

ODell ML., Skin and wound infections: an overview. Am
Fam Physician. 1998; 57:2424-2432.

Paul D Stapleton, Saroj Shah, James C Anderson, Yukihiko
Hara, Jeremy MT Hamilton-Miller, Peter W Taylor. Modulation
of B-lactam resistance in Staphylococcus aureus by catechins
and gallate. Int J Antimicrob Agents. 2004; 23:462-467.
Peter C, John T. Fusidic acid in vitro activity. Int J Antimicrob
Agents 1999; 12: s59-s66.

Prost CW., Bright RM., Wound healing In: Textbook of Small
Animal Surgery, 1985; 28-37.

Senji Sakanaka, Lekh Laj Juneja, Makoto Taniguchi. Antimicrobial
effects of green tea polyphenols on themophilic spore-forming
bacteria. J Bioscience and Bioengineering. 2000; 90(1): 81-85.

37.

38.

39.

40.

41.

42.

Col47) - AHY - AT - B - olFT

Suzuki H., Ishigaki A., Hara Y., Long term effect of a trace
amount of tea catechins with perilla oil on the plasma lipids in
mice, Int J Vitam Nutr Res 1998; 68: 272-274.

Swaim, S. F., R. A. Henderson Jr. and R.S. Pidgeon. Small
Animal Wound Management, Lea & Febiger, Philadelphia.
1990; 1-51.

Valerie Dodane M, Amin Khan, June R Merwin. Effects of
chitosan on epithelial permeability and structure. Int J Pham.
1999; 182: 21-342.

Yang CS, Wang ZY, Tea and cancer. Natl Cancer Inst, 1993;
85: 1038-1049.

Yoshiharu O, Tomatsu T, Saburo M, Akira M, Norichika HK,
Shin-ichiro T, Yashihiro S. Effects of Chitosan on Experimental
Abscess with Staphylococcus aureus in Dog. J Vet Med Sci.
1995; 57: 765-767.

Young-sam Kwon, Jung-woo Rhee, Kwang-ho Jang. A compa-
rative study of hydrocolloid(Duoderm®) and hydrogel (Nu-
Gel®) occlusive dressing materials in the treatment of full-
thickness skin wound in dogs. J Vet Clin. 2003; 20(3): 294-301.



