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The Effects of Ascorbic Acid on Full-thickness
Skin Wound Healing in Dogs

Jung Hun Kim

(Supervised by professor Joo-Myoung Lee)

Department of Veterinary Medicine, Graduate School,

Cheju National University, Jeju, Korea

Abstract

This study was designed to assess the healing effects of ascorbic acid on
full-thickness skin wound in dogs. Four 2.5x25 cm full-thickness skin wounds
were created bilaterally on the dorsolateral aspect in each of 5 dogs. The ten
wounds were treated with ascorbic acid solution in the experimental group, and
the ten wounds were treated with 0.9 % saline in the control group. The wound
healing area was measured every other day for 3 weeks after the wounding.
Statistical analysis was conducted with the paired t-test.

On the 1%, 3, 5% 7% 9" 11" 13" 15" 17" 19" 21" days, the wound healing
rates were 12.6£9.6 %, 95+9.8 %, 18.9+9.0 %, 39.2+54 %, 62.2+46 %, 86.9+1.9
%, 929%1.8 %, 96.6+16 9%, 99.1+05 %, 99.8+0.2 %, 999+0.1 % in the
experimental group, and 9.1+#6.0 %, 9.2+6.0 %, 12.2+5.0 %, 41.3+6.3 %, 54.2+9.2
%, 81.0£2.6 %, 85.7£2.8 %, 92.3£1.5 %, 96.1+£0.7 %, 98.0£0.8 %, 99.5+0.2 % in the

control group. On the 15" day, the wound closed above 99 % in 2 dogs of the



experimental group. On the 17" day, the wound closed above 99 % in 3 dogs of
the experimental group. On the 19" day, the wound closed above 99 % in 5
dogs of the experimental group, and 2 dogs of the control group. On the 21%
day, the wound closed above 99 % in 5 dogs of the experimental group, and 4
dogs of the control group. The wound healing rate of the experimental group
was 2~4 days faster than that of the control group.

The tensile strength was 4,169£1,107 g/c in the experimental group, and
2438+637 g/cii in the control group on the 21%' day after wounding. Tensile
strength was significantly higher in the experimental group than in the control
group (p<0.05).

The histopathological findings of the experimental group were similar to those of
the control group on the 1%, 3% and 5" days. Inflammation and revascularization
of the experimental group were similar to those of the control group on the 9th,
13" and 21% days. The formation of collagen and reepithelialization were more
developed in the experimental group than in the control group on the 9“’, 13" and
21° days.

Significantly higher wound healing rate, tensile strength and Dbetter
histopathological findings were observed in the experimental group than in the
control group. These results suggest that the topical application of ascorbic acid

on full-thickness skin wounds can promote wound healing process.

Key words : Ascorbic acid, Wound healing, Tensile strength, Dog
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stz g og AAXH BAL d=7|(inflammatory phase), Z 2] 7] (proliferative
phase), A &4 7](remodeling phase)e] 3T@AIE AXt}(Pavletic, 1993). ¥ 73X
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(& &, 1995), epidermal growth factor(¥} 5, 1995; & &, 1995), chitosan¥} chitin
(B %5, 1999), 2&7F2~(°] %, 2003b), polyphosphate(®] %, 2003a), A& 423} =,
1999), 18]l JAF I EA(L F, 1992) ol gt A7t o] Fol Ao gt}

Ascorbic acide ngd 34 Akl e gisk A3 gy 4AkAFE 7] AA
5o AYH 7lsol ot kA tH(Spratley 5, 2001). Wolbach(1933)+= Ao =2

ascorbic acid7} M2E b A A xA 9] A L f{Ao Hojsiti= ASs HEH A

=
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9] guinea pigoll Al B3}l T3 ascorbic acid’7} 2B EWH A HA =< FA B
3
=

ol Fe AR E=E el L (Bartlett 5, 1942; Taffel®} Harvey, 1938), R4l
FAAE WIAE Z2FHe] AR Pz 284 4FS Yed = v g%
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Figure 1. The wound healing rate in the ascorbic acid treated group and the control
group. The wound healing rate in the ascorbic acid treated group was higher than
that in the control group. On the 11%, 13", 15® 17* and 19" days, the wound
healing rate was significantly higher in the ascorbic acid treated group than in the

control group(*;p<0.05, **;p<0.01).
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Figure 2. The tensile strength in the ascorbic acid treated group and the control
group. The tensile strength was significantly higher in the ascorbic acid treated

group than in the control group on the 21% day after wounding (*;p<0.05).
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Legend for figures

Figure 3. The histopathological findings of the experimental group on the 9" day
after wounding(H & E staining, x40(A), x100(C)). The histopathological findings
of the control group on the 9h day after wounding(H & E staining, x40(B),
x100(D)). Note infiltration of inflammatory cells in dermis and epithelial

regeneration.

Figure 4. The histopathological findings of the experimental group on the 13®
day after wounding(H & E staining, x40(A), x200(C)). The histopathological
findings of the control group on the 13" day after wounding(H & E staining,
x40(B), x200(D)). Note epithelial regeneration, proliferation of fibroblasts, and

neovascularization.

Figure 5. The histopathological findings of the experimental group on the 21%
day after wounding(H & E staining, x40(A), x200(C)). The histopathological
findings of the control group on the 21% day after wounding(H & E staining,
x40(B), *x200(D)). Compare the mature epithelium with keratinization layer in the

experimental group and the immature epithelium in the control group.
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Figure 3.
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Figure 4.
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Figure 5.

_17_



=
2
N
4
ot

Bartlett, M. K., C. M. Jones and A. E. Ryan. 1942. Ascorbic Acid Content and
Tensile Strength of Healing Wounds in Human Beings. N. Engl J.
Med., 226(12) 474~481.

Bavetta, L. A., P. O'Day and I. Bekhor. 1961. Effect of Dietary Protein and
Ascorbic Acid Levels on Biosynthesis of Collagen. Proc. Soc. Exp. Biol.
Med,, 106 : 741~743.

Carndon, J. H., C. C. Lund and D. B. Dill. 1940. Experimental human scurvy. V.
Engl J. Med., 223(10) 353~3609.

Carney, H. E. 1946. Wound healing with low Vitamin C level. Ann. Surg., 123(6)
1111 ~1119.

Collignon, P. and J. Turnidge. 1999. Fusidic acid in vitro activity. Int. J.
Antimicrob. Agents., 12(2) 45~58.

Darr, D., S. Combs, S. Dunston, T. Manning and S. Pinnell. 1992. Topical
vitamin C protects porcine skin from ultraviolet radiation-induced

damage. Br. J. Dermatol., 127(3) 247~253.
Hartzell, J. B. and W. E. Stone. 1942. The relationship of the concentration of

ascorbic acid of the blood to the tensile strength of wounds in animals.

Surgery. Gynecology & Obstetrics, 75(1) 1~17.

_18_



Jagetia, G. C., G. K. Rajanikant, M. S. Baliga, K. V. Rao and P. Kumar. 2004.
Augmentation of wound healing by ascorbic acid treatment in mice

exposed to gamma-radiation. Int. J. Radiat. Biol, 80(5) 347~354.

Long, C. L., K. I. Maull, R. S. Krishnan, H. L. Laws, J. W. Geiger, L.
Borghesi, W. Franks, T. C. Lawson and H. E. Sauberlich. 2003.

Ascorbic acid dynamics in the seriously ill and injured. J. Surg. Res.,

109(2) 144~148.

Mutsaers, S. E., J. E. Bishop, G. Mcgrouther and G. J. Laurent. 1997.
Mechanisms of tissue repair from wound healing to fibrosis. Int. J.

Biochem. Cell. Biol., 29(1) 5~17.

Okamoto, Y., T. Tomita, S. Minani, A. Matsuhashi, N. H. Kumazawa, S.
Tanioka and Y. Shigemasa. 1995. Effects of Chitosan on Experimental
Abscess with Staphylococcus: aureus in Dogs. J. Vet. Med. Sci., 57(4)
765~767.

Pavletic, M. M., 1993. Atals of Small Animal Reconstructive Surgery, Lippincott,
Philadelphia, pp.12~45

Pfister, R. R., C. A. Paterson and S. A. Hayes. 1978. Topical ascorbate decreases
the incidence of corneal ulceration after experimental alkali burns. Invest

Ophthalmol. Vis. Sci., 17(10) 1019~1024.

Prockop, D. J and K. I. Kivirikko. 1995. Collagens: Molecular biology, diseases,
and potentials for therapy. Annu. Rev. Biochem., 64 : 403~434.

Schwartz, P. L. 1970. Ascorbic acid in wound healing a review. J. Am. Diet.

_19_



Assoc., 56(6) 497~503.

Spratley, J. E., S. O. Hellstrom, C. K. Mattsson and M. Pais-Clemente. 2001.

Topical ascorbic acid reduces myringosclerosis in perforated tympanic

membranes. A study in the rat. Ann. Otol Rhinol. Laryngol., 110(6) 58
5~591.

Swaim, S. F and A. H. Lee. 1987. Topical wound medications: A review. J. Am
Vet. Med. Assoc., 190(12) 1588 ~1593.

Swaim, S. F., R. A. Henderson and R. S. Pidgeon. 1990. Small Animal Wound
Management, Lea & Febige, Philadelphia, pp.44~49

Taffel, M and S. C. Harvey. 1938. Effect of absolute and partial Vitamin C

deficiency on healing of wounds. Proc. Soc. Exper. Biol & med., 38 :
518~525.

Whitney, E. N and S. R. Rolfes. 1999. Understanding Nutrition 8" ed,
West/Wadsworth, Belmont, p.320.

Wolbach, S. B. 1933. Controlled formation of collagen and reticulum: A study of

the source of intercellular substance

in recovery from experimental
ascorbutus. Am. J. Path., 9 : 689~700.

=
2
e
e

7, FAF. 1994, 7tE
EEERE

A2 o 1l X+ Yeast Glucan® =3}, 3=
]. 11(1) 89~98.

o O

HEE, Ax2E, olTS, S, A4, AeA 1995 2 JAARe] FdA ol
e &b oy} st s #]. 33(1) 76~84.

_20_



38(3) 305~313.

] A].

5} 3]

3}
5}
&k
)
&
A
A}

1=

o ™ X o N o
- - g 2 T
o0 3 R0 S e T ok
MD .50 GNA X0 ﬂﬂn_! «% ;IJ'
o
1 ° W K o+ O oF No
(2 i Bos w T g o =
: e = a8 = o
@ = o= N T g
) Lo ~ = ol —
‘.:1_ O—H % X o N ,._mu.
e —_ S o) N =) = —_ B
_ ! N S T 0 ~ =
R =0 ol o B ~ = A} <
= . S S T
_— w0 2 R or ey { o N 5 0
3 © o AR R - ] 1
oE -~ — o g = s X & . 50
) = o —n ~ o < N
%o oo W R s, ® %9 <
— ] ap]
o 0 ™ o N o B o o3
2y /O\ ~ ;o‘_ %o X 7E hvm =N =
S Ho & "R MR oF 9 N o
1 o) - - - Wo T N .
o . X o od B < X £ NF
N e i~ e To o] g — —
_W % e — o] B o} X ol . '
g = ° 3 TR E % i
= .H - = ~ - : = -
~ o jose) o}
LS o) - ) o= (- - oo
£ T OB do 2 %o T K 2 =
S " N5 o o Moo = Mm N
. _:b - .‘H_FHI - .WJ - Jmo - ﬂ . ~o R
AN A . w3 " o~ N~ X Ho
IS SIS = & o do F x o i
= Z T B Clley MR NT ) oF
Sin S - 5 - -~ e - -
o 7R Bt L 3 A Y
of X o o = T do o of ™ of
AR RV BT - ©°F N K 7 )
i M e ] ioh ool w
B o o A %0 A RO

50 o] o o "o N e

314, 39(3) 645~652.

1

S

kel
_21_



	표제면
	Ⅰ. 서론
	Ⅱ. 재료 및 방법
	Ⅲ. 결과
	Ⅳ. 고찰
	Ⅴ. 결론
	Ⅵ. 참고문헌

