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Introduction

Burn injuries, among all injuries, may be the worst

disability because of the formation of hypertrophic

scar and contracture after the healing of deep burns
1)
.

Scar contracture and uncontrollable proliferation of

scar tissue are subsequent to destruction and loss of

dermis and contribute to the formation of scars and

keloids
2)
.

For burn therapy, the most conventional treatment

uses skin grafts. These grafts can compensate the

tissue loss at multiple levels acting as occlusive

dressings and provide both skin replacements and

stimuli for healing
3)
. Problems associated with grafts

Objective: This study aimed to ascertain the curative effects of Gamisipjeon-tang (GST) used for wound healing on

the skin regeneration of deep second degree burns in mice.

Material & Methods: In vitro, the I B kinase (IKK) mRNA expression, inducible nitric oxide synthase (iNOS) mRNAκ
expression, and cyclooxygenase-2 (COX-2) mRNA expression in the GST concentration from 1 / to 10 /
were measured. In vivo, the mice were divided into four groups : the normal group, the BE group (burn-elicited group,

control group), the DC group (Duoderm CGF-treated group after burn elicitation), and the GST group

(Gamisipjeon-tang treated group after burn elicitation). To determine the anti-inflammatory effects, nuclear factor

(NF)- B p65, iNOS, COX-2 positive reaction were measured by immunohistochemistry. To estimate the skinκ
regenerative effects, change of burn area, 5-bromo-2‘-deoxyuridine (BrdU), and fibroblast growth factor (FGF)

positive reaction were analyzed.
Results: In vitro, the iNOS, IKK, COX-2 mRNA expression decreased according to the increase of GST

concentration. The significant decrease of COX-2, iNOS, NF- B positive reaction were the highest in the GST group,κ
followed by the DC group and the BE group (p<0.05). The diameter of burn area was significantly decreased in the

GST group as compared to that in the DC and BE group (p<0.05). The BrdU and FGF positive reaction increased

more significantly in the GST group than in the DC group, and more significantly in the DC group than in the BE

group on the 3rd and 7th day after burn (p<0.05). FGF positive reaction increased in the BE and DC group, whereas
it decreased significantly in the GST group on the 14th day (p<0.05). The BrdU positive reaction increased in the

BE group, whereas it decreased significantly in the DC and GST group on the 14th day (p<0.05).

Conclusions: This study shows that GST could decrease the inflammatory response and accelerate the skin

regeneration as compared to the duoderm CGF in mice with deep second degree burns.

Key Words : deep second degree burns, Gamisipjeon-tang (Jiaweishiquan-tang), duoderm CGF, iNOS, NF- B, FGF,κ

BrdU.

The Effects of Gamisipjeon-tang on the Skin Regeneration
of Deep Second Degree Burns in Mice

Hyun-Jung Yu, Seung-Ug Hong

Dongguk Univ-Seoul. Graduate School of Oriental Medicine

Original Article

Received 8 March 2010：⋅ Revised 19 May 2010：⋅ Accepted 19 May 2010：⋅
Correspondence to Seung-Ug Hong：⋅
Department of Oriental Medical Ophthalmology & Otolaryngology & Dermatology, Dongguk Univ. Ilsan

Oriental Medical Hospital, 814, Siksa-dong, Ilsandong-gu, Goyang-si, Kyunggi-do, Korea.

Tel +82-31-961-9089, Fax +82-31-961-9009, E-mail heenthsu@hanmail.net： ： ：

2010. Vol.31. No.3. 107-121
The Journal of Korean Oriental Medicine



The Journal of Korean Oriental Medicine 2010;31(3)

108

as scars and keloids, have prompted the research

toward an alternative that would be more widely

available with properties close to those of natural

skin. Research in this field resulted in the use of

bio-synthetic materials engineered as living skin

replacements
4)
. Recently, dermal substitution and

burn healing have become one of the most exciting

research areas in biomaterial sciences. Duoderm is a

kind of bio-synthetic hydrocolloid dressing. It makes

the wound moist, so that the wound heals through

autolysis about the sphacelus
5)
. Although there have

been many recent advances in this field, commercially

available products and the biological materials

currently described in experimental studies are not

fully satisfying for the treatment of severely burned

patients
4,6)
.

In the other parts of burn therapy, there have been

various investigations about the curative effects of

emitted-qi therapy, cold water therapy
7,8)
, low level

laser therapy
9-14)

, and external treatments with herbal

medicine and arachidonate-rich oil extracted from

mortierella alpina ulmus dressing, mixture of ear

shell ash and sesame oil, lithospermi radix and

gardeniae fructus extracts
15-19)

. Most of these reports

explained only the mild effects and didn’t explain

the curative effects through the comparative study

with conventional therapy.

In oriental medicine, there are a few studies about

burns. These studies
20-24)

include an experimental

study about external preparation and case reports of

second degree and the third degree burn patients

treated with oral herbal medicine, acupuncture, and

the external treatment with herbal medicine. However,

most of these studies didn’t investigate the curative

effects for each treatment such as oral herbal

medicine, acupuncture, and external treatment with

herbal medicine. Most of these studies didn’t und

dertake a comparative study with conventional therapy.

Traditional oriental herbal medicine, Gamisipjeon-tang

also called Jiaweishiquan-tang, was used for wound

healing through assisting energy, draining pus, and

helping regeneration of skin
25)
. In the clinical studies

20,26)
, this medicine was used for wound healing in

burns and atopic dermatitis.

The aim of this study is firstly to investigate the

anti-inflammatory effects and skin regenerative effects

of Gamisipjeon-tang (GST), and secondly to compare

the effects of internal herbal medicine with those of

duoderm CGF as a synthetic wound dressing.

Experiment

1. Materials

1) Animals

Six weeks old male BALB/c mice were purchased

from the Orient (Seongnam, Korea). Animals were

adjusted to the aseptic environment for 2 weeks

before the experiment, and mice weighing 20 g were

used for experiments. The mice were classified into

the normal group (n=10), the burn elicited group

(control group, BE, n=30), the duoderm CGF-treated

group after burn elicitation (DC, n=30), and the

Gamisipjeon-tang treated group after burn elicitation

(GST, n=30). The BE, DC, and GST groups were

divided into 3rd (n=10), 7th (n=10), and 14th (n=10)

day groups after burn elicitation. The animals in the

BE, DC, and GST groups were anesthetized with

sodium pentobarbital (50 / IP). After carefully

shaving off the hair from the dorsal surfaces, the

dorsal area (11 in diameter) was exposed to 100

water for 10 s in all burn groups.

2) Reagents

MTT solution (2 / , [3-(4, 5-dimethylthiazol-

2-y)-2, 5-diphenyl tetrazolium bromide]), 10% fetal

bovine serum (FBS), lipopolysaccharide (LPS),

TRIzol reagent, Dulbecco’s modified Eagle’s medium

(DMEM), and 5-bromo-2‘-deoxyuridine (BrdU) were

purchased from Sigma (St. Louis, MO, USA).

Penicillin (1,000 unit/ ) and streptomycin (1,000

/ ) were used from Gibsco (Grand Island, NY,
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USA).

Rabbit anti-mouse inducible nitric oxide synthase

(iNOS, 1:250), anti goat anti fibroblast growth factor

(FGF, 1:100) antigen, nuclear factor (NF)- B p65κ

(1:250), normal goat serum, biotinylated goat anti-

mouse Ig G, mouse anti-mouse iNOS (1:200), and

rabbit anti-mouse cyclooxygenase-2 (COX-2, 1:50)

were from Santa cruz Biotec (Santa cruz, CA, USA).

Mouse anti-mouse BrdU (1:50) was obtained from

Amersham International (Bucks, UK).

3) Cell culture

RAW 264.7 cells were purchased from Korean

Cell Line Bank (KCLB, Korea). These cells were

maintained at subconfluence in a 95% air, 5% CO2

humidified atmosphere at 37 . Cells were cultured

in DMEM supplied with 10% FBS and antibiotics

(100 unit/ penicillin, 100 / streptomycin).

4) Preparation of duoderm CGF wound dressing

The duoderm CGF (Convatec, USA, 11 in

diameter) was applied on the burned skin of mice in

the DC group during the experiment.

5) Preparation of GST

GST, which contains eighteen species of herbal-

medicine (Table 1), was purchased from Dongguk

University International Hospital (Ilsan, Korea). The

2 packs (138 g) of GST (69 g) were prepared by

decocting the dried herbs with 500 boiling

distilled water for approximately 2 hr. After filtering,

it was concentrated in 50 by vacuum evaporation

using the rotary evaporator. This GST extract (2.5

/ /day, p.o.) was orally administered to mice in the

GST group. GST extract used in vitro was dried

with a freeze dryer after concentration under decom-

pression. It was used in concentration from 0.5 /

to 2.0 / as a result of MTT assay.

Pharmacognostic nomenclature Amount (g)

Astragali Radix 6.0

Rehmanniae Radix Preparat 4.0

Angelicae gigantis Radix 4.0

Cnidii Rhizoma 4.0

Ginseng Radix 4.0

Poria 4.0

Paeoniae Radix Alba 4.0

Atractylodis macrocephalae Rhizoma 4.0

Citri Pericarpium 4.0

Linderae Radix 4.0

Schizandrae Fructus 4.0

Cinnamomi Ramulus 4.0

Glycyrrhizae Radix 4.0

Lonicerae Flos 4.0

Forsythiae Fructus 4.0

Zingiberis Rhizoma Recens 3.0

Jujubae Fructus 2.0

Angelicae dahuricae Radix 2.0

Total amount 69.0

Table 1.
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2. Method

1) Effects on the inhibition of inflammatory gene

related to NF- B activationκ

Reverse Transcriptase-Polymerase Chain Reaction

(RT-PCR) was performed to investigate the influence

of iNOS, COX-2 mRNA expression, and I B kinaseκ

(IKK) by GST. RAW 264.7 macrophages (5 × 10
5

cells/well) were cultured in 6-well plate. After 12 hr,

the cells were treated by LPS for 2 hr to induce the

NF- B activation, managed with 0.5 / , 1.0 / ,κ

1.5 / , 2.0 / concentration of GST, and

incubated at 37 for an additional 24 hr. Total

cellular RNA was extracted using TRIzol reagent and

quantified with fluorometer (introgen, USA). cDNA

synthesis was performed with RT-PCR kit (Promega,

Madison, USA). PCR was performed to measure the

IKK, iNOS, and COX-2 primer (Table 2). PCR

products were separated on 1-2% agarose gels with

electrophoresis, and intensity of bands was quantified

by image analysis with Optimas 5.2 (Optima, USA).

To estimate the accuracy in the RT-PCR kit, amplif-

ication of beta-actin was simultaneously carried out.

2) Effects on the skin regeneration in the burned

mice

(1) Measurement of the burn area

The burn area (11 in diameter) was measured

with the caliper (Mitutoyo, JAPAN) on the 3rd, 7th,

and 14th days after burn elicitation.

(2) Measurement of the anti-inflammatory effects

Changes of inflammatory response in the dermis

The immunohistochemical staining was accomplished

using the NF- B p65 (1:500) to examine the changesκ

of NF- B distribution and then performed withκ

mouse anti-mouse iNOS (1:200) and rabbit anti-mouse

COX-2 (1:50) to investigate the distribution of iNOS

and COX-2 in the tissues.

(3) Regenerative effects in the burned skin

FGF activation

Immunohistochemical staining using anti goat anti

FGF (1:100) antigen was performed to examine the

changes of epidermal cell proliferation by FGF

activation in burned skin.

Epidermal cell proliferation

Mice were treated by intraperitoneal injection with

BrdU 50 / and then burned skin was extirpated

after 1, 3, and 5 hr. Samples were applied in 2N

HCl solution at 4 , 37 for 20 min for DNA-

denaturation. After treating with 0.1 M borate buffer

solution, normal goat serum containing 0.01%

proteinase K was added for 1 hr, applied with mouse

anti-mouse BrdU (1:50) at 4 in the incubation

chamber for 72 hr. Afterwards the immunohistochemical

staining was carried out with an identical process.

3) Statistical analysis & Image analysis

Primer Primer sequences Product (bp) No. of cycles

IKK sense 5’ CCA CCCAGT TCC ACAAGT CT 3’ 380 35

antisense 5’ CCT CCA CTG CGAATAGCT TC 3’

iNOS sense 5’-AGACTGGATTTGGCTGGTCCCTCC-3’ 527 30

antisense 5’-AGAACTGAGGGTACATGCTGGAGCC-3’

COX-2 sense 5’-TCTCCAACCTCTCCTACTAC-3’ 624 35

antisense 5’-GCACGTAGTCTTCGTTCACT-3’

-actinβ sense 5’-GGAGAAGATCTGGCACCACACC-3’ 840 35

antisense 5’-CCTGCTTGCTGATCCACATCTGCTGG-3’

Abbreviation : IKK, I B kinase; iNOS, inducible nitric oxide synthase; COX-2, cyclooxygenase-2.κ

Table 2. β
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All values are expressed as the means ± standard

deviation (S.D.). The data of burn area, BrdU and

FGF positive reaction were analyzed with repeated

measured analysis of the variance (ANOVA). The

other data were analyzed with one-way ANOVA. As

a post hoc test, Tukey HSD and Tamhane was used

(p<0.05) to delineate the significant differences between

groups. Probability values of less than 0.05 were

considered to be statistically significant. Statistical

analysis performed using SPSS 13.0.

Images were analysed by Optima 5.2 (Optima Co.,

USA).

Results

1. Inhibition of NF- B activation-intricatedκ

cytokine by GST in vitro

1) Inhibition of IKK mRNA expression

The IKK mRNA expression increased in the RAW

264.7 macrophages by LPS stimulation. However,

IKK mRNA expression decreased in the concentration

after GST treatment and the decrement was 1.5% in

the 0.5 / , 6% in the 1 / , 12% in the 1.5 /

, and 30% in the 2 / concentration (Fig. 1).

2) Inhibition of iNOS mRNA expression

The increment of iNOS mRNA expression was

observed in the RAW 264.7 macrophages by LPS

stimulation. However, the decrement was observed in

the concentration after GST treatment and it was

5.3% in the 0.5 / , 22% in the 1 / , 36% in

the 1.5 / , and 63% in the 2 / concentration

(Fig. 1).

3) Inhibition of COX-2 mRNA expression

The COX-2 mRNA expression by LPS stimulation

increased in the RAW 264.7 macrophages. However,

it decreased in the concentration after GST treatment

and decrement was 12% in the 0.5 / , 20% in the

1 / , 31% in the 1.5 / , 55% in the 2 /

(Fig. 1).

2. Effects of skin regeneration in the burned

mice

1) Measurement of the burn area

The burn area was significantly decreased as time

went by. It decreased by 8.19% in the DC group, by

12.10% in the GST group on the 3rd day, by

20.57% in the DC group, by 31.18% in the GST
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group on the 7th day, by 20.93% in the DC group,

and by 40.59% in the GST group on the 14th day as

compared to the BE group (Table 3, Fig. 2).

2) Measurement of anti-inflammatory effects

Changes of NF- B positive responseκ

NF- B p65 positive response was strongly appearedκ

in the nucleus and cytoplasm surrounding the nuclear

membrane, and was observed the decrement in the

DC and GST groups as compared to the BE group.

It increased by 493% in the BE group as compared

to the normal group, whereas it decreased by 33% in

the DC group, by 56% in the GST group as

compared to the BE group (Table 4, Fig. 3).

Changes of iNOS positive response

iNOS positive response was strongly shown in the

cytoplasm surrounding the nuclear membrane, and

Antibody
Group

NOR BE
†
( )㎜ DC

†
( )㎜ GST

†
( )㎜

3rd 0 10.50 ± 0.18 9.64 ± 0.11 9.23 ± 0.10

P<0.057th 0 9.43 ± 0.91
‡

7.49 ± 0.08
‡

6.49 ± 0.11
‡

14th 0 4.73 ± 0.10
‡

3.74 ± 0.09
‡

2.81 ± 0.09
‡

Statistical tests by repeated measured ANOVA was used.†
; significant differences among the BE, DC, GST group.‡
; significant differences compared to the 3rd group.

Abbreviation : NOR, No treatedmice; BE, Burn elicitedmice; DC, duodermCGF-treatedmice after burn elicitation; GST,Gamisipjeon-tang treatedmice after

burn elicitation; 3rd, on the 3th day after burn elicitation; 7th, on the 7th day after burn elicitation; 14th, on the 14th day after burn elicitation.

Table 3.

Fig. 2.
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observed the decrease in the DC and GST groups as

compared to the BE group. It increased by 639% in

the BE group as compared to the normal group,

whereas it decreased by 44% in the DC group, by

54% in the GST group as compared to the BE group

(Table 4, Fig. 3).

Changes of COX-2 positive response

COX-2 positive response was strongly presented

in the cytoplasm and observed the decrease in the

DC and GST groups as compared to the BE group.

It increased by 1,368% in the BE group as compared

to the normal group, whereas it decreased by 68% in

Antibody
Group

NOR BE DC GST

NF- B p65κ 551 ± 11 3,266 ± 69 2,193 ± 64 1,441 ± 75

P<0.05iNOS 452 ± 10 3,339 ± 63 1,860 ± 41 1,530 ± 36

COX-2 358 ± 9 5,256 ± 76 1,666 ± 66 1,032 ± 45

(image analysis for 200,000 particles / range of intensity : 80-130)

Statistical tests by one way ANOVA was used.

As a result of post hoc test, the significant differences were measured among all the groups.

Abbreviation : NF- B p65, nuclear factor- B p65.κ κ
Other abbreviation is same as Table 3.

Table 4. κ

Fig. 3.

κ
κ κ

κ κ
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the DC group, by 80% in the GST group as

compared to the BE group (Table 4, Fig. 3).

3) Regenerative effects in the burned skin

FGF activation

The FGF positive reaction of epidermal basal

layer was appeared strongly in the cytoplasm. The

larger increase was observed in the BE group than in

the normal group as the time goes, 174% than in the

normal group on the 3rd day, 29% on the 7th day

than on the 3rd day, 395% on the 14th day than on

the 7th day.

However, the different changes were shown in the

DC and GST group as compared to the BE group.

The larger increase was shown 94% on the 3rd day,

181% on the 7th day in the DC group than in the

Days
Group

NOR BE
†

DC
†

GST
†

3rd

659 ± 12

1,807 ± 55 3,512 ± 74 3,608 ± 90

P<0.057th 2,336 ± 54
‡

6,571 ± 80
‡

8,111 ± 82
‡

14th 11,552 ± 153
‡

7,085 ± 89
‡

4,198 ± 52
‡

(image analysis for 200,000 particles / range of intensity : 80-130)

Statistical tests by repeated measured ANOVAwas used.†
; significant differences among the BE, DC, GST group.‡
; significant differences compared to the 3rd group.

Abbreviation : FGF, fibroblast growth factor

Other abbreviation is same as Table 3.

Table 5.

Fig. 4.
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BE group. The decrease was shown by 38% in the

DC group as compared to the BE group on the 14th

day. The larger increase was observed by 100% on

3rd day, by 247% on the 7th day in the GST group

as compared to the BE group. The decrease was

observed by 64% in the GST group as compared to

the BE group on the 14th day (Table 5, Fig. 4).

Epidermal cell proliferation

The BrdU positive reaction in the epidermal basal

layer was strongly shown in the nucleus and

increased in the BE group as compared to in the

normal group as time went by. The BrdU positive

reaction increased 33% larger in the BE group than

in the normal group on the 3rd day, 84% larger on

the 7th day than on the 3rd day and 213% larger on

Days
Group

NOR BE
†

DC
†

GST
†

3rd

1,037 ± 54

1,357 ± 60 1,661 ± 71 3,796 ± 25

P<0.057th 2,505 ± 72
‡

7,025 ± 78
‡

11,103 ± 206
‡

14th 7,825 ± 85
‡

6,752 ± 65
‡

1,897 ± 44
‡

(image analysis for 200,000 particles / range of intensity : 80-130)

Statistical tests by repeated measured ANOVAwas used.†
; significant differences among the BE, DC, GST group.‡
; significant differences compared to the 3rd group.

Abbreviation : BrdU, 5-bromo-2‘-deoxyuridine.

Other abbreviation is same as Table 3.

Table 6.

Fig. 5.
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the 14th day than on the 7th day.

However, the BrdU positive reaction of DC and

GST group was different from that of BE group.

That of DC group was 22% larger on the 3rd day,

181% larger on 7th day and 13% smaller on the

14th day than that of BE group. That of GST group

was 178% larger on the 3rd day, 344% larger on 7th

day and 76% smaller on the 14th day than that of

BE group (Table 6, Fig. 5).

Discussion and Conclusion

The conventional burn therapy has generally

included wound cleansing with bland soap, 0.05%

chlorhexidine, normal saline, nitrofurazone mesh

gauze, vaseline gauze, and a topical agent such as

silver sulfadiazine cream, mafenide, or gentamicin

cream
27)
. Recently, synthetic wound dressing such as

silicone gel sheet, aquacell Ag, and hydrocolloid

dressing, and surgery such as escharotomy, tangential

excision, and skin grafting were used to compensate

for the previous therapy by moisturizing scarred

areas, removing the exudate, preventing scar tissue

from growing, and decreasing the treatment period
27-29)

.

Universally used silver sulfadiazine in burn

patients was manufactured by Fox in 1968
30)
. Cho et

al.
31)

reported that it caused cytotoxicity to the

epidermis and dermis. It may prevent the inflammation,

but it may also damage the dermal cell and delay

initial therapy. Therefore silver sulfadiazine was not

used in this study.

Winter
32)

said that the wetting surface preserve the

growth factor and promotes the movement of

epithelial cell, so that it will accelerate dermal

regeneration. Based on this theory, many synthetic

dressings have been developed
33)
. Hydrocolloid

dressing absorbs the exudate and gradually becomes

a gel state, so this gel state makes the burn region

moist. This wet state preserves the burn region,

provides suitable warmth, and protects from physical

stimulation. Duoderm is a kind of hydrocolloid

dressing, and duoderm CGF is specially used for

most exudate
33)
.

In oriental medicine, there are a few studies about

burns. Most of these studies
20-22,24)

are case reports

that include oral herbal medicine, acupuncture,

aqua-acupuncture, and the external application of

herbal medicine. In superficial second degree burns,

acupuncture treatment was effective; however, in

deep second and third degree burns, other oriental

treatments were combined. In these studies, the

effects of each treatments were not investigated. The

experimental study
23)

regarding external application

measured the effects of yolk sac oil compared to the

those of Mebo ointment and ziyungao ( ). This

experiment was studied merely through histological

finding, which did not study the mechanism in

detail.

In burn wound healing, there are two stages. The

first stage involves the inflammatory phase, and the

second stage is the new tissue formation phase
34)
.

During the inflammatory phase, infiltrating neutrophils

aid in the removal of foreign agents in the burn area.

It was found that polysaccharides could accelerate

the infiltration of inflammatory cells, consequently

accelerating wound cleaning
35)
. When the new tissue

formation phase occurs, fibroplasia begins by forming

granulation tissue within the wound space
34)
.

The objective of this study was to examine the

anti-inflammatory effects and skin regenerative effects

of GST in mice with deep second degree burns and

to compare the curative effects of GST with those of

duoderm CGF.

LPS as endotoxin, stimulates the production of

inflammatory mediators such as nitric oxide (NO),

TNF- , interleukins, prostanoids, and leukotrienesα 36)
.

NO, prostaglandins, and inflammatory cytokines are

the major targets for the treatment of inflammatory

disorders
37,38)

. The iNOS, which is induced by either

bacterial LPS of TNF- and IFN- in macrophages,α γ

produces NO
39,40)

. Expression of iNOS is closely

related with the up-regulation of NF- B, whose sitesκ
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have been identified in the promoter region of iNOS

gene
40)
. Nitric oxide synthase (NOS) plays a major

role in regulating vascular tone, neurotransmission,

killing of microorganisms, tumor cells, and other

homeostatic mechanisms
41)
. High levels of NO have

been reported in the inflammation and the suppression

of iNOS parallels the inhibition of NO production
42)
.

COX, a key enzyme required for the synthesis of

prostaglandins, exists as two different isoforms,

COX-1 and -2. COX-2 catalyzes the inducible prod-

uction of prostaglandins, which clearly represents an

important step in the inflammatory process
43)
. In the

previous report, the pro-inflammatory cytokines

modulated the expression of COX-2 through NF- B,κ

which is implicated in gene expression
44)
.

NF- B is composed mainly of two proteins, p50κ

and p65. In unstimulated cells, NF- B is bound toκ

the inhibitory protein I B in the cytoplasmκ
45,46)

. In

response to several stimuli such as viral and bacterial

infections, IkBs are phosphorylated by IKKs,

ubiquitinated, and proteolytically degraded thereby

allowing NF- B to translocate to the nucleus andκ

inducing transcription of pro-inflammatory genes
47)
.

NF- B up-regulates the expression of pro-inflammatoryκ

genes such as acute phase proteins, cellular adhesive

molecules (CAMs), inducible nitric oxide synthase

(iNOS), interleukins, proteases, and the intensity of

the inflammatory activity
48,49)

. NF- B is an oxidativeκ

stress response transcription factor, and activated NF-

B can be blocked by antioxidantsκ
50)
. In vitro, iNOS,

COX-2, and IKK positive reaction decreased GST

concentration-dependently. In vivo, iNOS, COX-2,

and IKK as inflammatory factors were investigated

in the GST, duoderm treated mice and only burn-

elicited mice. The positive reactions were lowest in

the GST-treated mice, followed by the duoderm

CGF-treated mice and only burn-elicited mice. These

data could be predicted that GST was more effective

than duoderm CGF in the anti-inflammatory response.

Gospodarowicz et al.
51)

isolated a protein from

bovine pituitary gland that markedly promoted

growth of fibroblasts. This protein was named

fibroblast growth factor (FGF). Bohlen et al.
52)

elucidated the presence of two types of FGF protein

with different isoelecric points, basic and acidic

sides, which were designated as basic (basic FGF)

and acidic (acidic FGF). The FGF family of growth

factors is comprised of seven members that have a

variety of growth and differentiation activities
53)
.

These factors bind heparin with relatively high

affinity and are thus termed “heparin binding growth

factors”
54)
. The FGFs are structurally related proteins

that play important roles in cell proliferation,

differentiation, and migration, as well as in disease

processes such as tumor angiogenesis
55)
. FGF-1 and

-2 are potent mitogens and differentiation factors for

mesoderm derived cells, which cause increases in

vitro invasiveness and in vivo metastasis of cancer

cells
53)
. FGF may play a pivotal role in cutaneous

wound healing by activating local macrophages with

the effects continuing up to the remodeling stage for

several weeks after the initial injury. Faster wound

healing is highly expected to prevent severe systemic

damage or sequela such as invasive wound infection

and sepsis
56)
. bFGF is used for the treatment of

intractable skin ulcers by accelerating the proliferation

of fibroblasts, the regeneration of the blood network

and finally the granulation
57)
. FGF promoted growth

of fibroblast, and increased more in the GST-treated

mice than in the duoderm CGF-treated mice and

only burn-elicited mice on the 3rd, and 7th days.

However, on the 14th day, it was decreased in the

GST-treated mice, whereas it increased in the duoderm

CGF-treated mice and only burn-elicited mice on the

14th day. These results could explain that GST-

treated mice had more rapid skin regenerative effects

than duoderm treated mice and only burn-elicited

mice.

BrdU, analog of thymidine, is incorporated into

DNA during the S-phase of the cell cycle and is a

useful alternative to labeling proliferation cells with

tritiated thymidine
58)
. In previous study, the hyperplasia
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of epidermis in the hairless mice irradiated with

UVB. The level of BrdU expression in epidermis

dramatically increased compared with un-irradiated

control
59)
. BrdU labeling the cell proliferation was

increased more rapidly in the GST-treated mice than

in the duoderm CGF-treated mice and only burn-

elicited mice on the 3rd, and 7th days. However, on

the 14th day it was more quickly decreased in the

GST-treated mice than in the duoderm CGF, whereas

it was increased in the BE group. These results

could explain that GST-treated mice take a rapid

process in the skin regeneration as compared to the

duoderm CGF-treated mice and only burn-elicited

mice with referring the other data.

In vitro, the inflammatory response decreased

GST concentration-dependently. According to the

result in vitro, our study in vivo has processed on

the two point of view, firstly the inflammatory

response as iNOS, COX-2, and NF- B positiveκ

reaction and secondly the skin regenerative factor as

change of the burn area, FGF, BrdU positive

reaction after burns. GST could be explained to have

more rapid effects than the duoderm CGF in the

anti-inflammatory response and the skin regeneration.

In oriental medicine, GST is known to have wound

healing effects and that we want to investigate the

effects of skin regeneration as compared to the

conventional therapy such as synthetic dressings.

Recently other than the oral herbal medicine
20-22)

, the

acupuncture
24)
, external herbal medicine therapy

23)

were known to be effective in the previous study.

More various studies would need to be accomplished

for the effective therapy in burns.

In conclusion, these findings could indicate that

GST has the anti-inflammatory effects and skin

regenerative effects, and this is significantly more

effective than duoderm CGF.

References

1. Lu K, Li H. Study on the management of

postburn pathological scars. Chin J Burns. 2004;

20(2):65-66.

2. Wu Z. Critical aspects in the treatment of

postburn scars. Chin J Burns. 2004;20(2):67-68.

3. Kirsner RS, Falanga V, Eaglstein WH. The

biology of skin grafts: skin graft as pharmacology

agents. Arch Dermatol. 1993;129:481-483.

4. Balusubramani M, Kumar TR, Babu M. Skin

substitute: a review. Burns. 2001;27:534-544.

5. Korean research group for wound care. Advances

in wound care. Seoul:Korea medical book.

2002:315.

6. Sheridan RI, Tompkins RG. Skin substitutes in

burns. Burns. 1999;25:97-103.

7. Lee KW, Kim KH. Effects of emitted-qi therapy

and cold water therapy on blood features and

serum in burned rats. Kor. J. Oriental Preventive

Medical Society. 2000;4(1):17-31.

8. Ma HS, Joo SY, Han KS, Park KH, Ahn YP.

Effect of cold water therapy on the burned tissue

in rats. Journal of Korean society of plastic and

reconstructive surgery. 1982;9(1):31-37.

9. Bayat M, Vasheghani MM, Razavi N, Taheri S,

Rakhshan M. Effect of low-level laser therapy

on the healing of second-degree burns in rats:

a histological and microbiological study. J. of

photochemistry and photobiology B.:biology.

2005;78:171-177.

10. Bayat M, Vasheghani MM, Razavi N. Effect of

low-level helium-neon laser therapy on the

healing of third-degree burns in rats. J. of

photochemistry and photobiology B.:biology.

2006;83:87-93.

11. Koo HM, Lee SM, Nam KW, Kim SB, Cheon

SH, Kang JH, et al. Effects of low power laser

for the expression of substance P in the burned

skin of the rats. The journal of Korean society

of physical therapy. 2003;15(3):239-250.

12. Rho MH, Yong JH. The effects of the low power

(468)



The Effects of Gamisipjeon-tang on the Skin Regeneration of Deep Second Degree Burns in Mice

119

wavelengths of helium-neon infra red laser on the

changes of the serum immunoglobulin concentr-

ation in burn rats. The journal of Korean society

of physical therapy. 2000;12(3):287-292.

13. Park DM, Park RH. An effect of carbon arc lamp

and low level laser therapy on the changes of

burned mice’s cytokine. The journal of Korean

society of physical therapy. 2006;18(6):13-21.

14. Lee SM, Koo HM, Nam KW, Kim SB, Kim J.S.

The effects of low power laser for the expression

of epithelial growth factor in the burned skin of

the rats. The journal of Korean society of

physical therapy. 2002;14(3):226-237.

15. Rhie SG, Park YJ. The growing effects of

Mortierella alpina contained diets and burn

healing effects of Mortierella alpina extracted oil

in rat. Suwon university. 2000;19:285-297.

16. Rhie SG, Kang HY, Cho BH. Effects of

arachidonate-rich oil (ARASCO) extracted from

Mortierella alpina on the healing of burned rat

skin. Suwon university. 2003;2(1):91-99.

17. Na YK, Hong HS. The effect of Ulmus dressing

on burn wound on rats. J. Korean biological

nursing science. 2005;7(1):89-98.

18. Nam SY, Lee BJ. Effect of a mixture of Ear shell

ash and Sesame oil on burning in a rat model.

Kor. J. Vet. Publ. Hlth. 2003;27(2):119-127.

19. Min DH, Kim DK, Lim HP, Yang HH.

Transdermal drug delivery & therapeutic effect

of the preparations of Lithospermi Radix and

Gardeniae Frectus extracts on the burn & wound

healing. H. Kor. Pharm. Sci. 2005;35(4):255-263.

20. Jung SY, Kang EK, Seo HS. One case of second

degree burn wound. Journal of korean oriental

medical ophthalmology & otolaryngology &

dermatology. 2007;20(1):285-293.

21. Ku YH, Choi IH. A case of second degree burn

on the feet. Journal of korean oriental medical

ophthalmology & otolaryngology & dermatology.

2003;16(3):260-267.

22. Jeong DH, Sim SH, Choi JH. A case of treatment

of 3 degree burn. Journal of korean oriental

medical ophthalmology & otolaryngology &

dermatology. 2002;15(2):315-325.

23. Chi GY. A study on histological recuperative

effect of burn remedies. Korean J Oriental

Physiology & Pathology. 2002;16(4):774-781.

24. Won SH, Owi JS, Choi EJ, Kwon KR. A clinical

case study of acupuncture treatment for burned

hand. The Journal of Korean Acupuncture &

Moxibustion Society. 2005;22(1):13-17.

25. Heo J. Dong Ui Bo Gam. Seoul:Bub In. 1999:

1426.

26. Jung ARNR, Hong SU. Hong. A case of atopic

dermatitis with nummular eczema. 2006;19(2):

296-303.

27. Han SH, Lee YH, Kim CW. The clinical

experience of the burn patients at the seoul

national university hospital burn unit. J. of

korean society of plastic and reconstructive

surgeons papers. 1986;13(4):481-487.

28. Kim SK, Park JM. Management of deep burn

wound using aquacell Ag. J. of korean burn

society. 2006;9(1):56-58.

29. Ju HS, Lim JS, Choi YS, Chung SH. Treatment

of 20 burn wounds with silicone gel sheets. J.

of korean burn society. 2005;8(2):220-225.

30. Fraser JH, Cuttle L, Kempf M, Kimble RM.

Cytotoxity of topical antimicrobial agents used

in burn wound in australasia. Anz J Surg. 2004;

74:139.

31. Cho AR. Effect of silver sulfadiazine on the skin

cell proliferation and wound healing process in

hairless mouse 2nd degree burn model. J. Kor

Pharm Sci. 2002;32:113.

32. Winter GD. A note wound healing under

dressings with special reference to perforated

film dressing. J Invest Dermatol. 1965;45:299.

(469)



The Journal of Korean Oriental Medicine 2010;31(3)

120

33. Kim YS, Chung CM, Kim HS, Seo DK, Cho WS,

Sohn TK. Treatment of second degree burn

wound using hydrocholloid dressings. J. of

korean burn society. 2005;8(1):88-96.

34. Usami Y, Minami S, Okamoto Y, Matsuhashi A,

Shigemasa Y. Influence of chain length of N-

acetyl-D-glucosamine and D-glucosamine residues

on direct and complement-mediated chemotactic

activities for canine polymorphonuclear cells.

Carbohydr. Polym. 1997;32:115-122.

35. Ueno H, Yamada H, Tanada I, Kaba N, Matsuura

M, Okumura M, et al. Accelerating effects of

chitosan for healing at early phase of experimental

open wound in dogs. Biomaterials. 1999;20:

1407-1414.

36. Lee AK, Sung SH, Kim YC, Kim SG. Inhibition

of lipopolysaccharide inducible nitric oxide

synthase, TNF- and COX-2 expression byα

sauchinone effects on I-kappaBalpha phospho-

rylation, C/EBP and AP-1 activation. Br. J.

Pharmacol. 2003;139:11-20.

37. Hobbs AJ, Higgs A, Moncada S. Inhibition of

nitric oxide synthase as a potential therapeutic

target. Annu. Rev. Pharmacol. Toxicol. 1999;

39:191-220.

38. Turini ME, DuBois RN. Cyclooxygenase-2: a

therapeutic target. Annu. Rev. Med. 2002;53:

35-57.

39. Shen SC, Lee WR, Lin HY, Huang HC, Ko CH,

Yang LL, et al. In vitro and in vivo inhibitory

activities of rutin, wogonin, and quercetin on

lipopolysaccharide-induced nitric oxide and

prostaglandin E2 production. Eur. J. Pharmacol.

2002;446:187-94.

40. Lo AH, Liang YC, Lin-Shiau SY, Ho CT, Lin

JK. Carnosol, an antioxidant in rosemary,

suppresses inducible nitric oxide synthase

through down-regulating nuclear factor- B inκ

mouse macrophages. Carcinogenesis. 2000;23:

983-91.

41. Mayer B, Hemmens B. Biosynthesis and action

of nitric oxide in mammalian cells. Trends

Biochem. Sci. 1997;22:477-481.

42. Raghav SK, Gupta B, Shrivastava A, Das HR.

Inhibition of lipopolysaccharide-inducible nitric

oxide synthase and IL-1 through suppression ofβ

NF- B activation by 3-(1’-1’-dimethyl-allyl)-κ

6-hydroxy-7-methoxy-coumarin isolated from

Ruta graveolens L. European Journal of Pharm-

acology. 2007;560:69-80.

43. Wadleigh DJ, Reddy ST, Kopp E, Ghosh S,

Herschman HR. Transcriptional activation of the

cyclooxygenase-2 gene in endotoxin-treated RAW

264.7 macrophages. J. Biol, Chem. 2000;275;

6259-6266.

44. Fiebich BL, Mueksch B, Boehringer M, Hull M.

Interleukin-1 induces cyclooxygenase-2 andβ

prostaglandin D(2) synthesis in human neurobl-

astoma cells: involvement of p38 mitogen-

activated protein kinase and nuclear factor- B.κ

J. Neurochem. 2000;75:2020-2028.

45. Ahn KS, Noh EJ, Zhao HL, Jung SH, Kang SS,

Kim YS. Inhibition of inducible nitric oxide

synthase and cyclooxygenase by Platycodon

grandiflorum saponins via suppression of nuclear

factor- B activation in RAW 264.7 cells. Lifeκ

Sci. 2005;76:2315-28.

46. So HS, Park RK, Oh HM, Pae HO, Lee JH, Chai

KY, Ahung SY, Chung HT. The methanol extract

of Spiraea prunifolia var. simpliciflora root

inhibits the generation of nitric oxide and

superoxide in RAW 264.7 cells. J. Ethmopha-

rmacol. 1999;68:209-17.

47. Tak PP, Firestein GS. NF-kappaB: a key role in

inflammatory diseases. J Clin Invest. 2001;107:

7-11.

48. Caldenhoven E, Liden J, Wissink S, Stolpe AV,

Raaijmakers H, Koenderman L, et al. Negative

(470)



The Effects of Gamisipjeon-tang on the Skin Regeneration of Deep Second Degree Burns in Mice

121

cross-talk between RelA and the glucocorticoid

receptor, a possible mechanism for the antiinfla-

mmatory action of glucocorticoids. Mol. Endocr-

inol. 1995;9:401-412.

49. Grell M, Zimmermann G, Hulser D, Pfizenmaier

K, Scheurich P. TNF receptor TR 60 and TR 80

can mediate apoptosis via induction of distinct

signal pathway. J. Immunol. 1994;153:1963-1972.

50. Schreck R, Albermann K, Baeuerle PA. Nuclear

factor kappa B, an oxidative stress responsive

transcription factor of eukaryotic cells (a review),

Free Radical Res. Comm. 1992;17:221-237.

51. Gospodarowicz D, Jones KL, Sato G. Purification

of a growth factor for ovarian cell from bovine

pituitary glands. Proc Natl Acad Sci USA.

1974;71:5364-8.

52. Bohlen P, Baird A, Esch F, Ling N, Gospodarowicz

D. Isolation and partial molecular characterization

of pituitary fibroblast growth factor. Proc Natl

Acad Sci USA. 1984;81:5364-8.

53. Basilico C, Moscatelli D. The FGF family of

growth factors and oncogenes. Adv. Cancer Res.

1992;59:115-165.

54. Burgess WH, Maciag T. The heparin binding

(fibroblast) growth factor family of proteins.

Annu. Rev. Biochem. 1989;58:575-606.

55. Galzie Z, Kinsella AR, Smith JA. Fibroblast

grow factors and their receptors. Biochem, Cell

Biol. 1997;75:669.

56. Fu X, Shen Z, Chen Y, Xie J, Guo Z, Zhang

M, et al. Randomized placebo-controlled trial of

use of topical recombinant bovine basic

fibroblast growth factor for second degree burns.

Lancet. 1998;352:1661-4.

57. Muneuchi G, Suzuki S, Moriue T, Igawa HH.

Combined treatment using artificial dermis and

basic fibroblast growth factor (bFGF) for

intractable fingertip ulcers caused by atypical

burn injuries. Burns. 2005;31:514-517.

58. Gratzner HG. Monoclonal antibody to 5-Bromo-

and 5-lododeoxyuridine. A new reagent for

detection of DNA replication. Science. 1982;218:

474-5.

59. Lee JK, Kim JH, Nam KT, Lee SH. Molecular

events associated with apoptosis and proliferation

induced by ultraviolet-B radiation in the skin of

hairless mice. J. Dermatological science. 2003;

32:171-179.

(471)


