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Sopung-san Extract Enhances healing potential on Full-thickness
Skin Wound in Rats: Role of VEGF and TGF-{31.

Bum Hoi Kim"

Department of Anatomy, College of Korean Medicine and Research

Institute of Oriental Medicine, Dong—FEui University

ABSTRACT

Wounds are commonly created during almost every kind of surgery, trauma and skin diseases. Delayed wound
healing affects a plenty of patients and requires prolonged treatments that seriously reduce the quality of life for
patients. Skin damage involving large areas or great severity can lead to disability or even death. Wound healing
involves a complicated series of actions, of various tissues and cell lineages, concerning inflammation, migration,
proliferation, reepithelialization, and remodeling.

Sopung-san is reported to have anti-inflammatory effect and has been used for various skin diseases such as
allergic dermatitis and atopic dermatitis. In this study, the hypothesis that oral treatment with Sopung-san could
enhances healing potential on rat full thickness skin wounds was tested. Twenty young male Sprague-Dawley
rats were used for the studies. A full-thickness skin wound was made on the dorsal skin of the rats. Either
Sopung-san water extract (SPS) or saline (Control) was orally administrated every day. The wound area was
measured and the percentages of wound contraction, wound healed and wound epithelization were calculated.

Wound tissue samples were excised following injection for histopathological and immunohistological examination.
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Wound area in rats of SPS group significantly was decreased compared to Control.

SPS group showed

significant promotion of wound healing compared to Cotrol group in the percentages of wound contraction, wound

healed and wound epithelization. Histopathological examination revealed that SPS induces neo-vascularization

potential in wound healing process. SPS treatment in rats significantly accelerated cutaneous wound healing in

the neo-vascularization process by increasing VEGF and TGF-31 synthesis. The results suggest that Sopung-san

affects key cellular processes responsible for wound repair and point to a unique potential for this molecule in

the therapy of skin wounds, particularly as an angiogenic agent.
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AAE g TR e N, 5S¢ 9 AH Gtz o] FA4S 2Ad, ol oA
& TF HAstE, FAXFY AL HA 2857 AfFEAEe] ZHAFEAERS F3tE FXs=
kel AAE zHste] AL & A Aokl FEF Aoz dPHTY, EI A FHF AAEY §
S mHA "9, g WA qRred 58 Fur) A A eES X8 o 988 vAE Gl
At 9 FEge AR oy Algs 29 & W ALY o) d ATE B TGF-B1 A
T Q. agox Byt AAARE 98 AR 7 A3F (knockout transgenic mouse)A Al/d=] &}
e oAl digh AFE ofx FEg Aol o] AAHE A& ”Lﬁo}ﬁo‘ﬂ ol ZAAEAE
A 229 9Z(inflammation), ©]'5(migration), o]xe] Azfo o3 Ao g wEHTHO,
Z2 (proliferation),  A)4F¥] 3} (re—epithelialization), B <HEBHEZ >l ?%E Auko 2 2}
AT (remodeling)©] B3 #4& Ax QYA I BREIERESEE Eol QoA FX, X R AN
AR BAHES AZ A AEH S MR, AFA H7EG Fol AT 4 gem? 2
om, 7} TAEe] B Az st A olEy] 3§37 FEY7] X g &&F= 3 A
3ol F4Al AeS sHA k. 29, ol ojth, el #E APA A=+ BALB/c mouse
Ay FoA FAHE FdE e &Aool IEYE oMol olEw wRPe] FEI AWV histamineo]
o] Aol Ao} & o] MG TR T o3k A4 7Y FEEA ] FaHY To] 9
4 JEY?Y, o2 angiogenesis X neovascularization HAJch Ty FEEAdd oist e a3t ofF
olg} H-=w vascular endothelial cell growth factor(VEGE), Ay wl glo oo B AfoMs JAFHow vHY
basic fibroblast growth factor(bFGF) 12|l transforming S H|FE3 kst g RAsk 550 e Aow U
growth factor beta 1(TGF—B1)%<] cyokinedl] <2 2 o] TFol e AAA R Al v = FTFS
& s, AFs7] st AF6 JRAFT FAE Fdd * i
VEGF+= granulation tissue®] &AJo] H=% <l g Folol wE Ak =)o) W3k A Y9l %3
A1 AE #8 A (angiogenesis) S A=3F= 71 2.3 b4 Wl 9 A g@e] A4 VEGF 2 TGF-p19
cytokineZoll &ftbolt}). VEGF 2de] A5e AF s E B uf o A7g AUl ol x
A BAEE EAEHS & S84 granulation alake Hpoltt,
tissue® & FXst] AoAow AR A
AAFE S/ANA @Y. =, TGF-p1 %A
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Table 1. Herbal Composition of Sopung—san

Herb name

Scientific name

Danggwi(H5)
Jihwang (#h#5)
Seokgo(HF)
Bangpung (5 &)
Changchul (& 7ft)
Moktong (A )
Ubangja(“4F35 1)
Jimo(%nk})
Homa (#Ji)
Seontoe (1§58 )
Gosam(7522)
Hyeonggae (Gfift)
Gamcho(H #)

Angelica Gigantis Radix
Rehmanniae Radix
Gypsum Fibrosum

Saposhnikovia Radix

Atractylodes Rhizoma
Akebiae Caulis
Arctii Fructus

Anemarrhenae Rhizoma

Sesami Semen Nigra

Cicandidae Periostracum
Sophorae Radix
Schizonepetae Spica

Glycyrrhizae Radix

total
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5. Histological analysis

AR & 15Ul AFFES FJAste] e}
T IRRAS "Hﬁﬁ}‘?i‘:} -7%4% 4% <4 formalin
Lo 242 BT F A TS Bt 49
S Hato] ©@FA7) & paraffin B2 Eujstgc).
Z4S sumTAR ZHAEHI|E AEse] ddst o)
S gelatin®® FE I slided] & paraffin A|A
2 g94dS AZ F Hematoxylin—Eosin(H&E)

2
=
tio

37 fs8iA 2AHHS
xylened ©]&3}¢] paraffing A|A3 F 100, 95,
90, 80, 70, 60% alcohol® 1087+ F<EA|7 oW,

SFTFE AFs T Harris hematoxylin® & 30%

b AAEla, B2 Bo 23S 287t /‘ﬂ"“‘}

1% HCl &) 4~53] 9 & tJA] 3.2 Oﬂ/‘ﬂ
33 MlHe] ' %2%S ammonia water©ll
4~53] i+ F A B2 B2 1587 AFHS $
eosin&i 10%27F FANksS F=399t. 70, 80,
90, 95, 100% alcohol ¥ xylenes ©o]&3fo] &3t

kel
T

OPO

canada balsams ©]-&3lo] 933t}
6. VEGF¢] #Z

59 z2 e VEGFSH TGF-B1e] #Hds
#wZsl7] Y&ke] polyclonal primary anti—VEGF antibody
(1:400, Abcam, Cambridge, UK), polyclonal primary
anti—TGF—B1 antibody (1:300, Abcam, Cambridge,
UK)Z primary antibody® 3}iL,
anti—rabbit IgG (Nichirei Co.)E secondary antibody
2 A} gEte] e & wsles BEE g ek A
AFW] FA FrolAel W] okgulge] AnE

biotinylated goat

Day O

Day 3

Control

SPS

gexstelz] Sl 400x9] djgel @7 s
& e (1.2x10%mE) kol A =

AEFE SHste] FX88klt
7. BAAE

AgAstel #2492 Student T—testE ©]-&3}o] s}]
J= P<0.05 ¥ P<0.012 F9AL A=st9 =
Y FAE ”éﬂiﬁ%gx}(meanistandard

AS FJHE i & 1593 AAFE9E Sote
2 #Esk Ay SPSTo] Controlwoll Bla) 2] x|+
7V F2E= Aol #EEHAY. AAFE ddel= S
Al AEHREo] AlREo] BE AFHFTES ZA A
A ArEE FH7F FREADL, 3YAl = Sofx
A5 FAo #AHUG FAFL 7d Tl A
Ao 5 A9sirt Jad AS 1% F e
dl, SPSiollA Controliell wla] A< 3z 4
37t A or A gE= o] HAEI
o} Fsk SPStol A Controli @t HlSle] gu]a o
2 HFo] A AEE H7F Soj=s Flo]
ZE A} ol e WMalE 11Y Ao HS F3lo] Bz
=Holow, A3 wpxut Il 1594 = FA 99
517]7]- SPS:vlol Controlz=ell v #AA3] T4AE A

S 3elg 4= AATH(Figure 1).

Day 7 Day 15

Figure 1. Representative clinical images of wounds of Control and Sopung—san treated(SPS) groups.
The appearance of excision wounds after operation was observed every 4 days. Compared
with Control group, rats of SPS group showed smaller open wound areas for 15 days.
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2. A AF&

Hzo] FA HFEAAAAN SAHLE A AF
9 ElFeE A afojghez Aate d%82] vla
210] SPS<o] Controloll M8 Mwrao® =& A%
S YehSlth 53] A fd 5449 dFES]
Hlael 9lo] Controlite] 33.1+£4.4%S YeERd wh
W SPSTY AL 44.0£2.6%2 YRl o4 9

£ 2olE HYow(P<0.05), 794 9l= Control-o]
100 -
90
a0 |
70
&0
55
40

30

Wound contraction (%)

20

47.2%3.7%, SPS¥°] 61.9+3.5%% F4% o] 1 =k

< Fglo] YERth(P<0.01, Figure 2). SPS
o] S A LS 7dAe] AHHAe] 50% o]
A 3155 Aol wkall, Controliel A5+ 9UA
50%0173 B Hom FAHh A HL 9d
A o] E HIF foA Ue Aol oo
SPS#©°] Controliol H|&| dAFH&o] F7lsle Ao

=2 PEEA

--+- Control

—=—5P§

15

days

day 3 day 5 day 7

day 9 day 11 day 13 day 15

Control 27.1+4.6 33.114.4 47.2+3.7

62.6+4.2 70.7£5.0 77.5+4.9 85.5%£2.5

SPS 30.2£2.5  44.0£2.6

61.9+3.5™

68.9+3.3 78.81£2.7 83.6+2.6 89.2+2.7

Figure 2. Mean percentage of wound contraction(%) for each group.
Wound contraction was significantly greater in SPS groups than in rats of Control group on

day 5 and 7.

Data were expressed as mean*S.E. (x P<0.05, ** P<0.01)
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3. FA AFE Sk 590 Controlio] 34.5%3.6%, SPSito] 43.0+2.4%,
AA A& vlad JoAE RS FEES T4 79 Zo= Controli-o] 49.943.5%, SPSi-o] 61.0+3.0%
3 SPStto] Controlzoll Hla] A 3 159 Fob 2 A=l AA A& wadd oM FoA e
Aoz =2 AA AES Yehd 53 A4A ztol & YERATH Figure 3).
160 4 T
20 - ,f;"”
80 -
70
b
5 60 -
o
2 s
2
8 40
-k - frol
= Contro
30 -
—=—5P§
20 A
10 A
0
3 5 7 9 11 12 15
days
day 3 day 5 day 7 day 9 day 11 day 13 day 15
Control 20.843.6  34.5+3.6  49.9+35  68.6+52 81.4+3.6 89.4+29  93.5%+2.3
SPS 26.3+2.2  43.0%£2.4° 61.043.0° 76.1+4.9  85.844.3  91.8%£3.9  96.6+2.7

Figure 3. Mean percentage(%) of wound healed for each group.
Mean percentage of wound healed in SPS group was significantly increased on day 5 and 7

as compared to Control group.

Data were expressed as mean®S.E. (¥ P<0.05)
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100 A

20 A

Fithe

60 -

Wound epithelization (2%)

40 -
0 - -4~ Control
50 —=—3P§
10
0 . . . . .
7 9 1 13 15
days
day 7 day 9 day 11 day 13 day 15
Control 12.7£3.5 26.1£2.7 33.4+4.7 59.045.2 80.7+4.4
SPS 21.6%1.9 30.24+4.2 45.9+4.2" 67.3+4.5 91.942.1°

Figure 4. Mean percentage(%) of wound epithelization for each group.
The wound epithelization percentage was determined after day 7. The mean percentage of
rats in SPS group was significantly increased on day 11 as compared to Control group.
Data were expressed as mean+S.E. (¥ P<0.05)

5. FAR9Y 245 v}

EAFT FAE FEAZ 5 1597 Control-3% ot #@rA AdellA FEE 2ol BEEA] Fokrh s
SPSwrol Al B g stel tEo] 13| ZHshrt o ARk, Z1HFol| Aol d@F o= SPSTo] Controla
ofwk=d|, SPSto] Controliell H]al] “d3]s}7} 2oy of nla} RAEW F2lo] FHo| #HAHJTE HEIH
Hog 1] @ol o]Foz Aol 2= AcH(Figure 5 MZE d3to] FAFAA AEA7]BZ hair follicle
AB). Controli#¥} SPSellA] B A -9ld |2 59 AAe] WA glen, SPSolA Controladl
Aot AFREAE D AEL 7] de] FH o] HES] HI3) o] F7hE e AR IR1EItH(Figure 5 C,D).
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Control SPS

Figure 5. Hematoxylin and eosin (H&E) stained
sections of the wounded skins(A, B)

and dermis(C,D) in Control and SPS
groups.
The cross—sections, including wounds

and surrounding skin tissues, from
each group were collected on day 15
of the experiment for histopathological
examination. The rats in SPS group
showed greater epidermal epithelialization
compared with Control group.

Maginfication 100X(A, B), and 200X(C, D).
Scale Bar 200mm(A, B), and 100mm(C, D).

6. VEGFS} TGF-Ble] B=Z3}et7 ud

A% 2B S HE F 1594 2

VEGF¢] I&lo] o< %EA‘
w-¢] Controlz™el H|3] 214d# 3
% WHAE Y. TGF—B19]
Controlarell B]3l] W o] F7he
SAll AEZL7E] FAHE
015 tH(Figure 6).
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43 AFA % VEGF 9

69.5+5.271/1.2X10%m?*¢1 ¥ SPSutoll 4
87.616.770/1.2}10°m’ 2. A dE F7HE
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t}(Figure 7).
Control SPS
A W
VEGF _

§ oYy

TGF-B1

Immunohistochemical staining for
VEGF(A, B) and TGF—-B1(C, D) of the

Figure 6.

wounded skins in Control and SPS
groups.
Immunohistochemistry demonstrated

that the distribution of VEGF positive
and TGF—-B1 positive cells in SPS
group was significantly more than
that in Control group. The extracellular
matrix (ECM) deposition was increased
in dermis of rats of SPS group, as
compared with Control group. the
ECM deposition was coincident with
the number of TGF—B1 positive
cells.

Maginfication 400X, Scale Bar 50m.
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W SPS

TGF-B1

Figure 7. The immunoreactivities for VEGF and TGF—@1 of the wounded skins in Control and SPS

groups.

The immunoreactivities of both VEGF and TGF—B1 were significantly increased in

group, as compared with Control group.

SPS

Data were expressed as mean*S.E. (* P<0.05)
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