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Effect of Activated Charcoal on Full-Thickness Wound Healing in Dogs

Woo-Pil Jung, Joo-Myoung Lee
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Abstract @ To investigate the effect of activated
charcoal on full-thickness wound healing in
dogs, the wound healing rate, the tensile
strength and histopathological finding after
application of activated charcoal on the wound
were observed. Four 25cmx2.5cm artificially full-
thickness skin defects were induced bilaterally
on the back of five dogs. Saline were applied on
the left-side wounds. The right-side wounds were
treated with implanted activated
charcoal granules. were
measured every other day for 21 days after the
wounding. Formalin fixation and embedding of
the wound healing tissues were prepared for
histopathological finding at 3rd. 5th, 9th, 13th,
21st day after wounding. The wound healing
rate was calculated by change of wound areas. The
statistical analysis was performed with the
paired t-test. The wound healing rates of
activated charcoal treated group were
significantly higher from 9 ~ 11th day and 15
~ 17th day after wounding than saline treated
group(p<0.05). In 11 ~ 13th day after wounding,
wound healing rate was significantly higher in

gauze-
The wound areas

activated charcoal treated-group than in the
salinetreated group(p<0.001). In 13 ~ 15th day after

wounding, wound healing rate was significantly
higher in activated charcoal treated-group than
in the saline-treated group(p{0.01). The mean
percentage of the wound healing in 9 ~ 11th
day after surgery was significantly higher in
the activated charcoal treated group than that
in the saline treated group(p<0.05). The mean
value of tensile strength on the 2lst day after
wounding, 3.2356 + 0.6184 kg/ar in the activated
charcoal treated group and 2.0414 + 0.5072 ke/cuf
in saline treated group. Microscopically neovas-
cularization was originally noticed on 3rd day
after wounding the both groups. Reepithe-
lialization was originally noticed on 13th day after
wounding in the activated charcoal treated group.

In summary, activated charcoal significantly
increased wound healing. Tensile strength
value was higher in the activated charcoal
treated group than in the saline treated group
but not significantly. These results suggest
that application of activated charcoal in full-
thickness skin wounds will promote wound healing.

Key words : full-thickness skin wound, activated
charcoal, wound healing, tensile strength,
histopathological finding, dog

Corresponding author: Joo-Myoung Lee, AFE. AFA} olehl 5 192] AlEcisla, Tel : 064-754-3377

E-mail : dol82@cheju.ac.kr



78 Tm4SE(). Subtropical Agri & Biotech.), 21{1), 2005

I —

Aol Hy-o| aNsbd ASAT Axe &4
= 33" e W A AR ) =248 B
FaAY FeHleE dAshe AFezA EeA, 3}
shby AlxAbe] wWistEg $ulRicl A A= A}
HAsAY A Fel FA Al 344 A5 3
F7], o1 EAA7], B avla A%7)9] 49
AZ dolde}t AZ7ldle 3 FIaE Fvle) +3
ANEEL] F3M F7 Yol 93 &4 3 2
ARads Sadate] 2ol 23t ¥x)o] YAo]
ofvpn] dAAE, TFTe FE AFAHEY Y]
7kt A% vifAe] sl o 5U7 HFukgo] o
ofdct. AL 2A AMA7|de 35T} dE7It A}
271 A} 2ol 53t FHA 2A4E AAs] A
23l o]F FFE oS STkl AL wx|Ey
Al zb el oJs oAl ZsE AAsH FHolo] i
7o 8oz i} AT M-S AAZ AR
5 PujEle Ao HRAA, SolxA YA 5L =
Aok E7le A L F 3 ~ 5 Azt
Aotz 243} collagen Aol ZF7kse] &4
3, AR A} 2Ae] AT SojxAlL 3
Agta, AgAEe] §5 2 A4 $50] doj} Ak
ol Z7h Al " Asrle 3y Aot 3
32 ZF7lshke Al7|2 collaged] wWHko] wisiA| sz
2 AL Frlstd A A=rl Folkskl "o
(Fossum, 2002: Slatter. 2003).

< AN daEsn AMgEe] $pon, ¥
A GHRE sl ol FAR(EFEAN) o) Hont
559 F3A 2 AFA(AFA) o} AR ARE
2ot A A M= Aol =R dx Qi) £
GAZA dfgiebde] 1 A HAAY, £x2AEH &
+ 2 ALAANA] Zigse] o kgt UM
o2 #e b gAve B8k slREY Coke ¥
7 o] FAY v ze wAY ©4g Heloxq,
71 8AQ FE= 3d, R8s fARE 1A eas)
g F ot 2AdY A= dAA FAA 42
()T25 7L e, AR Edd vy
2 Fzo Aol A4" ¥EFZE(turbostratic
structure) & 7% 9le] ¥H73e] 1,000 ~ 100,000

o]
26]'1:“

Al Hbge] 20 ~ 1.000A«
transitional pore, &7°] 18 ~ 20A<% micro
poredl thkt AFE 7HAH AT ddHe F4
500 ~ 1,700m/gell 23}, oj2dt cjdt AMlF-Sel

macro pore,

o8 gAgdel % 2% FHAAE  ZAedEun,
1996).
Td2RE S%E o83 5EE AlA] 4%

FAog AMgsigled, d|xastol Exbg 7k
A 59 X5 o802 AH43t 7129] glcH(Hall
7 Baldwin, 1993). 18643 Garrod+ charcoal
o] 2¢jE|7|d, olH, Bd, B olzy, d=idHE,
HtEE, 2EglRUg olwAl Fvidelz e 5
of Az)g Fol didt A5AHE HAANEH &,

1992). B fxo} Helo nje} hf de
(Pauly ¥, 1997). 7% 4 9 d7] "elof g3

AT, 1997 T, 1994), AFAGA ARk Hil]
A718 ¥3(Matsuhashi, 1995: Baltch, 1995) 2
A3 F3A AY Foll LS AR H(Puig,
1998). @ARH(ek4Eh) S it E 249 715
2 73, 70 AAS A ez FAAYE oles
o I g AslIhg HE)] o3 AAsLAel S
529§ M), AR FAA o Tl B4
vlehml, 323 $= FAsEY 2315 whise dx
Ack(izrekd, 1998). =3 gHstellAe BAdgh] o
d "2¥& WEn A2 Uit =¥ (thim), 29,
HY(EMm), 33, NHEFT), AL olF, A4
(B, ASUEE) S &l 2tz shg (3ol e}
A, 1998), 273, 1610)d= 23] (FHK),
FE (RS, B2y, 1995)
A TG 2 9RH(mnsRp)-S £ 34k
A E(km)el AHg3kel. A2 Al pyrethin,
pyrethroid insecticide®} Z& F5 Ao H¥ARHE
s 5= A3l (Bistner 5. 2000), 5588 o4
Al #1571 ed=e SEAS AHSske st &
7ksta qlch(Liebelt, 1999). AR ohzl $-2]9
AEAQ UM E BAss Aol X854 oFF
22 A3t gt el e HARE 9] $jE A
A2 ARgEta Qlok 773 el 3, djx]|, 51
o, ¥AYG 4 <o XEAA] GRS ARl
28 AE Hstche F27) 2dohk(e]. 1988).



ZHollA fHGEIO] oje MEQ|

)

A GRS FE F= ¥ Hollx] IAAC
2 AgHx gl PRE 98 ABAR A3
Wit gl 84 ARl viAe 9% 2 2 S
713 g A7} F53ct.

£ AP BIDLE ol EdlollA B AfE
F B Af71 g 9FAE 2 AReldEe] A
FA A 2 AR AN T WY 7
Ao AYx BARES o] &7 A Af2Ae A%
55 dolrwat B A+E AP

Mz 3 U

HYESE

AYFEEe Ao A7 5 ~ 10ke, 1 ~ 3
7] AEA st 44 E glo] gl A
¥ A" Y A¥E FU¢ AN ASEA,
AL&E (Pro-Plan® Adult Formula, Nestlé Purina
PetCare Co.)% & 2Hr=o] Fosiict. AL
24X Al Atraiddz AR 1247 ARE HAS
A st

O % M5 SN 7R

A e atropine sulfate(ZAlel=zA® gz
°hE 0.05mg/kge] 42322 H3} FARe el A
7 % tiletamine-zolazepam(Zoletil®, Virbac)&
Smg/kge] §F R T& FAEl AAlehH A A
P52 S FF AFANA FF S 2em A
2.5cm x 2.5cn Z71R 4709 A4E sl Y
Mo AT (ZAARE) I dxF(dutzd) S 44
sk}

0 HiE
#5¢ A7 o 2m A= )2 PAn A3
& Aoz Ak Azl sh%alsich

Mo Xx| U AN HE HF
FH22 gzFog Pd AZE salineo® AA
A Ao g F 29 13 EdE ZAss)

| E4 xR0 OXl= HE 79

58 AR A RS 2m A |2
sl ¥ AZE PHPL A ¥ 92 F 2o
13} st}

A 8 F 219714 29 A eE AT dx
9 FA 2715 OHP filmez A3y 1 dA4E&
GS-700 Imaging Densitometer(Bio-Rad, U.K.)
2 EFqsleq ) FL F A7 Al 98 A4
2A4717F e WA A% AEE AR A
282 offe] FAlol o8 AHEsi)

P A%e = 100x U

Wo : 34 8 044 4y d3,
Ui : 339 vld9§elxA] H24 (3 5. 1993).

o] iFZT &3

A4 L F 21940 d233 AR A4 A
Ho] FAe) '2X% 1emx5em 712 9] A4 o »
o} g7 =% AFS AE3l] Rheometer(Stable
Micro System. USA)E °]83l4 10m/sec =2
WAREE EA sl vzt

Ho| XX ZE

A 2 F 305 7.9 13, 21del Biopsy
Punch(Kai Medical, Japan)2.& 34 4717t F
e} - A& 5me] AA712 A3 10%
Buffered Formalinel 243 ¥ delgoz ¥ofs}
I, 4me] FAE AR 22 s Atk
2E z7 $¥2 Hematoxylin-Eosin (H&E)d4
sleo] 2§ 717t et AFAHE, AfeHE, ¥
A 9 A3E Bt es fasgcl 95

83 A AN 2 AfeldlEst asA] ¢
A -, o FAEYE + FEEE ++, BAHIAY
Ashd +++2 ¥F3ldch

. O
S

o

o
©
L

=2y

At dAx3 QAR EE paired t-testE ¥AE}
gdx, AU IdFAHE, AfelE, collagen AXE.
3 AL 25



80 aR4:E(J. Subtropical Agri & Biotech.),

d I

Aol wlE F2 AN HE FE 2em AAHe
2.5em x 2.5cm 2|2 4709 FAE sl AR
9 H&L 27, 32 APFoz dgrt.

1, 3,5, 7,9, 13, 21de] oix=Ee A
T At Aw 71 T AL AfEe dHskE
e 1o Yehligich. 34 i F 1494 AYE
o) A Ay dAe] dxTs vwsidE | fejAol
s A T F 3dACde AREE A AR
HAe] dave A3 Af WA vz o AY
T4 A A dAHel o Folstdrt. A i 3d

—&—Saline

~—— Activated Charcoal

Wound healing rate(%)
o 8 8 8 &

21(1), 2005

FE 97 A"Te A AR HAS 2Py A
A 2 BAHL 2 AFE R e Al
A4 L F 11998 1797 A8 34 A
F&o] d2T vastde W foA de A AR
5 2o A L F 1146 AYTY A A
Fol WETe A AfEs wzsige o fed o
A E3432(p<0.05), 4 ¢ F 13U AYT] A
3 Afgo] dxTro {4 Ao} vig- Al =3t
tH(pC0.001). B4 & F 15de AYTe 34 A
&S dZ2Te A Afgel vidtq felAde] =l
E}2(p<0.01), 3 8 F 17delle AP %

¢

3 Afgo] dzFe] A4 Af-gRd f94 A ¥
ek (p<0.05).

1 it $ 1 J

5D 7D 9

11D 13D 18D 17D 19D 21D

Days after wounding

Fig 1. The percentage of wound healing rate in the activated charcoal treated
group was higher than that in the saline treated group. In 9 ~ 11 and 15
~ 17days after surgery, healing rate was significantly higher in activated
charcoal treated group than in the saline treated group. In 11 ~ 13days
after surgery, healing rate was significantly higher in activated charcoal
treated group than in the saline treated group. In 13 ~ 15days after
surgery, healing rate was significantly higher in activated charcoal treated
group than in the saline treated group.
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Fig 2. Graph of every other days changes of the wound healing rate by period. In 9-11days was
significantly high in the activated charcoal treated group than that in the saline treated group.
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Fig 3. Tensile strength of the activated charcoal treated group and the saline
treated group. Tensile strength of the activated charcoal treated group
was higher than saline treated group on the 21st day after wound.
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Table 1. Histopathological changes after full-thickness skin wound in dogs.

. Proliferation o o .
Inflammation . Neovascularization Epitheliazation
fibroblast
Day S A S A S A S A
3 + ++ ~ + + - -
5 ++ +4+4+ + ++ ++ ++ - -
+++ +++ +++ +++ +++ +++ - -
13 ++ ++ +++ ++4+ ++ +4 ++ ++4
21 ++ ++ ++ ++ ++ ++ ++ ++

S : Saline treatment group, A : Activated Charcoal treatment group.

- ! none, + ! slight, ++

: moderate, +++

: complete or severe
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Fig 4. Histopathological finding of full- . . . . .
thickness wound in control group(3 day Fig 7. Histopathological finding of full- thickness

after wounding, H&E stain, x 50). wound in experimental group(3day after
wounding, H&E stain. x 100).

Fig 5. Histopathological finding of full-
thickness wound in control group(3 day Fig 8. Histopathological finding of full-thickness

after wounding, H&E stain. x 100). wound in control group(b day after
wounding, H&E stain, x 50).

Fig 6. Histopathological finding of full-
thickness wound in experimental group(3
day after wounding, H&E stain. x 50).

Fig 9. Histopathological finding of full-
thickness wound in control group(5 day
after wounding, H&E stain, x 100).
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Fig 10. Histopathological finding of full- thickness
wound in experimental group(5 day after
wounding, H&E stain, x 50).

Fig 13. Histopathological finding of full- thickness
wound in control group(9 day after wounding.
H&E stain. wound surface, x 100).

»( i : A
Fig 11. Histopathological finding of full- thickness ik N TPy
wound in experimental group(5 day after Fig 14. Histopathological finding of full- thickness
wounding. H&E stain, x 100). wound in control group(9 day after wounding.
H&E stain, x 100).

Fig 12. Histopathological finding of full- thickness

wound in control group(9 day after wounding. Fig 15. Histopathological finding of full- thickness
H&E stain, x 50). wound in experimental group(9 day after
wounding, H&E stain, x 50).
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wound in experimental group(9 day after

wounding, H&E stain, wound surface, x 100).

Fig 17. Histopathological finding of full- thickness
wound in experimental group(9 day after
wounding, H&E stain, x 100).

Fig 18. Histopathological finding of full- thickness
wound in control group(13 day after wounding,
H&E stain, x 50).

Fig 19. Histopathological finding of full- thickness
wound in control group(13 day after wounding,
H&E stain, wound surface, x 100).

R e Moo it

Fig 20. Histopathological finding of full- thickness
wound in control group(13 day after wounding.
H&E stain, x 100).

4

P T TR . . k B
Fig 21. Histopathological finding of full- thickness
wound in experimental group(13 day after

wounding, H&E stain, x 50).
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Fig 22. Histopathological finding of full- thickness Fig 25. Histopathological finding of full- thickness
wound in experimental group(13 day after wound in control group(21 day after wounding.
wounding, H&E stain. wound surface. x 100). H&E stain, wound surface, x 100).
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Fig 23. Histopathological finding of full- thicknes Fig 26. Histopathological finding of full- thickness
wound in experimental group(l13 day after wound in control group(21 day after wounding,
wounding, H&E stain. x 100). H&E stain. x 100).

[ X Ae] 3

:;- Y 5-".. > ) g el ) . " . .
Fig 24. Histopathological finding of full- thickness Fig 27. Histopathological finding of full- thickness
wound in control group(21 day after wounding. wound in experimental group(21 day after

H&E stain. x 50). wounding, H&E stain, x 50).
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F‘lg 28 Histopathological ﬁndmg of full thlckness
wound in experimental group(21 day after
wounding, H&E stain, wound surface, x 100).

Fig 29. Hlstopathologlcal ﬁndlng of full- thickness
wound in experimental group(21 day after
wounding, H&E stain, x 100).
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