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Transdermal Drug Delivery & Therapeutic Effect of the Preparations
of Lithospermi Radix and Gardeniae Fructus Extracts
on the Burn & Wound Healing
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College of pharmacy, Woosuk University, Wanju 565-701, Korea
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ABSTRACT — Research was undertaken to compare the pharmacological activity of Lithospermi radix (LR) reported as an
oriental medicine for classical uses. LR contains naphthoquinone pigments : shikonin, acetylshikonin, isobutylshikonin, etc.
LR is used for the treatment of excision wound, burn, eczema, blister, scarlatina and septicemia as antifebrile, antidotic and
antiphlogistic. Gardeniae fructus (GF) has been used for the treatment to jaundice, hepatic disease, anti-inflammatory and
analgesic effects, and it contains crocin, geniposide and its derivatives. The therapeutic effects of burn and excision wound
healing from LR & GF hydrogel with Nano-ATP® (GLN) were investigated. To evaluate the therapeutic value of various
hydrogels, thermal burn model and excision wound mouse model were used. The burn and wound reduction rate and ther-
apeutic period were measured to calculate the healing extent after 5 experiments. The 2nd degree burn was prepared on hair-
less mouse back skin and dressing with collagen. The burn and wound reduction rate of GLN hydrogel treated group
decreased more rapidly than that of other gel group in animal model. Furthermore therapeutic periods of GLN hydrogel
treated group was shorter than that of other gel group. In anti-inflammatory test, GLN hydrogel treated group decreased
edema rapidly than that of other gel group. These results suggest that the GLN hydrogel treatment has an therapeutic effect

on burn and excision wound healing.

Key words — Shikonin, Geniposide, Skin permeation, Burn, Wound healing
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Table I-Formulas of Each Hydrogel Preparations

Preparation GF Gel LRGel GLCGel GLN Gel
GFEP* ' 1.0 - 1.0 1.0
LREP** - 1.0 1.0 1.0
Carbopol 940 1.0 1.0 1.0 1.0
Propylen glycol 20.0 20.0 20.0 20.0
Labrasol 10.0 10.0 10.0 10.0
Ethanol 10.0 10.0 10.0 10.0
Triethanol amine 1.5 1.5 1.5 1.5
Distil. Water 56.5 56.5 55.5 50.0
Nano-ATP® - - - 5.5
Total 100.0 100.0 100.0 100.0
GFEP* : Gardeniae fructus extract powder
LREP** : Lithospermi radix extract powder

Geniposide
Acetylshikonin s /p
Shikonin " .
R
A B

Figure 1-HPLC chromatograms of Acetylshikonin, shikonin and
geniposide.
A : LR gel, B : GF gel

20 g¥ F25te] L3I TH(Table ).

FUE g

Yun 5219] ¥e) whEl HPLCS o]8-3le) 34 548 nm
o|A] shikonin @ acetylshikonin®] chromatograms 2Hgd 3}
o g &3tk Shikenin®] ¥ IE 45EIAX
acetylshikonin®] 3+ 10.8% o YelRdthFigure 1). 7
Fxleo] 2AA7 shikonin®] y=11812x-5800, r*=0.9999°]%]
3L acetylshikonin® y=9891x-2000, r’=0.99992.Fx] 200 g/
ml7HA] FE3 2A4-E JERAATE Gel #A1<] shikonin
2 acetylshikonin®} $H73-8 z+ AA|oA] shikonin® 2.9~
3.2 mg%°|al acetylshikonin® 15.7~16.3 mg%= VFEFHTE.

A2} 82 geniposide FFEF-S AASo) o HPLC
of FYstHLu 5.8%lM geniposide®] peak’} WUERSTH
(Figure 1). Geniposide®] ¥ WAooz ZAH ZHFA Q]
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Table II-Comparision of Contents(mg%) of Geniposide,
Shikonin and Acetylshikonin in Gel Preparations

Geniposide Shikonin Acetylshikonin
GF Gel 291.3 o -
LR Gel - 2.9 15.8
GLC Gel 293.2 3.0 15.7
GLN Gel 295.7 32 16.3

37 ANAL y=19627.77x-6132.920| R FHAF =
0.99982M 200 pg/mL7HA] 2] FEMAE geniposide®] A1
Ado] 1=t Gel AA] geniposided] T 2+ Al
AloA 291.3~295.7 mg%= EFETHTable T0).

b

Yang 529¢] Wl wE} GF, LR, GLC ¥ GLN gel&
hairless mouse 5o E=E3 F A7VEE  shikonin,
acetylshikonin & geniposide®] T3 4g& 24g 43,
shikonin®] F##S LR, GLC ¥ GLN gelold 25 14
7+ |13 HE FH3] FTI] AlFEle AT o] R EE ¢
e BaEe s Jepllen], 8A7F $ GLN gelo] 9.38
pg/em’Z2H T2 AlFe] vt 2 BAEE VERIIL
LR ¥ GLC gellXE z}Zt 37-F3-E0] 844, 8.77 ngy/
em’2H 2 2olE YelfAl= ESHA T} Acetylshikonin®]
A7 & F B34S ¥|wEW GLN gelolA 25.15 pg/
em’ZEX 7P B B3FE JESIE, GLC gel 23.55
pg/em?, LR gel 21.26 pg/em®®} 522 e O™, shikonin
o] B3y vws| Hoke u) MAFoZ 7h AR 3ul
AR Ee FAFE JeRlATE. 2 geniposide®] 8A17
T & B3 GIN 2 GLC gelold zHzb 57.20, 55.90
pg/em?® UJERAAL GF gelollA= 45.77 pgfem®2 H| A
WA et

Shikonin®] T2+ HFEALEE v RH GLN
gelo] 1.17, GLC gel 1.11, LR gel 1.06 pg/em’hr=
UeRd 89HA,] acetylshikonin®] @A 7 AF-EHREEE
GLN gelo] 3.14, GLC gel2 291, LR gel2 2.66 pg/cm?/
hrZ# shikonin® T BHZF o2 3H) A% H& +X& g
WAt} Geniposide®] @A FH-F3EEE GLN gel
o] 7.15 ug/em*hr2HA 7 UL GLC gel 6.89, GF gel
5.72 pgfem?hrEA W WA £ BALEE Ho F0

Shikonin, acetylshikonin & geniposide®] lag timeS |
8] B geniposide®] 73-F GF gelolA 0.78 hrl wWHA
GLC gellA 1.03heZA AAe| e} & Hol& JehlI S
1}, shikonin® 0.69~0.77 hr, acetylshikonin-® 0.81~0.93 hr
o2 AAl e AolHe] M2 UK Table IID).
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Table III-Permeation Parameters of Various Gels Through Excised Hairless Mouse Skin

Parameters
Sample -
Cumulative amount for 8 hr (ug/cm?) Js T

Geniposide 4577 £1.30 5.72+£0.160 0.78 £0.16

GF Gel Shikonin - - -

Acetylshikonin ' - - -

Geniposide - - -
LR Gel Shikonin 8.44+0.15 1.06 £0.023 0.75+£0.13
Acetylshikonin 21.26 £0.79 2.66 +£0.097 0.91+0.34
Geniposide 55.90 +1.07 6.89+£0.130 1.03£0.18
GLC Gel Shikonin 8.77£0.16 1.11 £0.020 0.77£0.23
Acetylshikonin 23.55£0.66 2.91+0.081 0.93£0.26
Geniposide 57.20+1.50 7.15+£0.190 1.01 £0.21
GLN Gel Shikonin 9.38+0.18 1.17 £0.022 0.69+0.19
Acetylshikonin 25.15%0.57 3.14£0.070 0.810.15

Each data represents the mean + SE from 5 experiments.

i

Lee 5299] ol w2} hairless mouse®] ¥¥ 2 39
of ¥eteo] e AFMFHFS ST & 2 AFE vl
3 B shikonin®] FH{HHE 8A7F % 3.6 uglem®]A,
acetylshikonin 6.1 pg/em* 112 ™ geniposider= 10.8 pg/em’=
A 7P B2 AFRFE eI 4 RS RS T
BRI v]ste] shikonin 41.9%, acetylshikonin 26.2%,
geniposide 20.9%7+ XH73he 02 LERITH(Figure 2).

2 A

Winter 5299] ®ell whel A2 2 X2} B3} AlAS &
G&8-2 Hlwslr] $18ted Carrageenan ft £5-50]| tiat
GLC 3 GLN gel®] 3] ¥stE #2d A3} 6A7t

i

ke
T

30 1’
W GF Gel
3 LR Gel
25 GLC Gel
_ EEE GLN Gel
3
g 20
2
k-1
3
5 15
o
=
s
g 10
E
<
5 b
0

Shikonin Acetylshikonin

Geniposide

Figure 2—Comparision of Residual Geniposide, Shikonin and Ace-
tylshikonin on Epidermic Tissue after 8 hours under various prep-
arations.

Each bar represents the meantSD from 5 experiments.

2ol 2.04 mLE YERG ¥FH, GLCSF GLN geloll 4]
= 742 2.05mLet 2.08 mLEA thx# ¥ o)zt 19
th 1277 $5E FEelA a3 el AlFksled 24
AlZF &tz ¥ HuE 1.80mLld vlske] GLC %
GLNOIA 170, 1.65mLEA] SoA & #el7t Yehge
H, 487177 1 EIL AEGEHAT AT FEES o
o BW eAl T hERFONA 58%<9] Wt GLC %
GLNolM Z}z} 60%, S9%= JERd # zjol7t glglont
2N Bl YRS 40%A8 ¥lste] GLC, GLN&
33%, 26%% JERTE 48417 F el dist 75 oA
&2 GLC gelollA 33%=E Jeld ®¥HH, GLN gelolA=
59%%M 2] A% B2 AL HAFYok(Figure 3).

60 |
S0 r
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g 30r *
3
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0 L . : . . : . )
0 6 12 18 24 30 36 42 48 54
Time(h)

Figure 3—Rate of edema in carrageenan(1%) induced foot edema in
rats under formulations.

Key : <>- ; Control, <O- ; GLC Gel, @- ; GLN Gel
*Significantly different from Control (P<0.05)

Each bar represents the meantSD from 5 experiments.
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Stat o Eef A8

Cho 52| WPH-& $-83lo] thermal burn rat model®)
Burn healing Z3E=E 422 Bumn grades} X&AF
£ 21&319). Bum grades 45919 712, A2 Zojs
7zt Z48k el HEE BASRE %t Bes
F o] FHE AL vepdth. X EAIeE R4 7
I A4 $ 7H7E s gEsie o] Eohded A
I IRE BEAs vz dxedA 7195 He
2 Bum grade?t 70%°19=8H GLC 25%, GLN 16%E
UERfe] thztel ulsl SFEXRIZQ A =77t dAst
A FokdE & 4 3Uem 53] GLN gel®] Bumn grade
7t 7Pg wob & AAE HlE duiFoz FjEo] mE

80 -

[-a)
-

Reduction of burn size(%)
3

[
=
T

Day

Figure 4-Comparison of reduction rate of GF and LR hydrogels on
thermal burn model.

Key : <O- ; Control, M- ; LR Gel, -O- ; GLC Gel, -@- ; GLN Gel
*Significantly different from GLC gel (P<0.05)

Each bar represents the meantSD from 5 experiments.

16

Day

LR Gel

Control

GLC Gel GLN Gel

Figure 5-Comparision of Therapeutic period of GF and LR hy-
drogels to burn healing

*Significantly different from Control (P<0.05)

Each bar represents the meantSD from 5 experiments.
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EE - A -

Y3 - HId

A & UATHFigure 4). N E AFE HExTo] 1389
28501, GLC7T 99, GLN°©] 824 %A GLN gel
9] A 38 £xrt 7P MES o 7 USAH(Figure 5).

S, ) AP FES WY v =¥t =EAS
g F 1,3 5% 79 F A ZE vlast AEAF
g 7360 AA A7]= Wound gradeZA A9
712, NZ dolg 74zt 243l AdlZ] wWHlEE FAS
Fom %t FEFE 3Ho] FXE AL ettt X EA
e AHEHe 7H A 3 7 48] ggkete A
Ao] Bohlst Add e FEst vlwE|Th?® o
ZFNA 744 HEe d Wound grade’} 65%3X% GLC
25%, GLN 18%E vtepljo] thzzol w)s) FEA 2ol

80 -

o
<>

Reduction of wound size(%)
3

3
=
T

day

Figure 6—Comparison of reduction rate of GF and LR hydrogels on
excision wound model.

Key : <>- ; Control, M- ; LR Gel, -O- ; GLC Gel, -@- ; GLN Gel
*Significantly different from GLC gel (P<0.05)

Each bar represents the meantSD from 5 experiments.

16
14+
12F

10 -

Control  LRGel  GLCGel  GLN Gel

Figure 7-Comparision of Therapeutic period of GF and LR hy-
drogels to wound healing,

*Significantly different from Control (P<0.05)

Each bar represents the mean+SD from 5 experiments.
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A 2717 dAA Foldg & F e 53] GLN
gel®] Wound grade?} 71 Yo} th& AlAo)] vls) o=
o2 FEo| wWE AL & F AU Figure 6). AF A
E UE&To] 12990] AgEion} GLC7F 84, GLNol 7
PRA AAl GLN gel®] 4A 3|8 £w7t 7P WEe &
T U SH(Figure 7).

P A 2 AR A e

microhand scopy= &3t 4

3 e 98 AA) Ak 2280) A et 9IA]
W oHEE ST 441700) A spaslel Wolaol

S5l0] & Ao] 7] AL sl A7) A4S
SITh®), 71171 717 59 % kel BE EohfnAl )
H7F A Aobr Dol 3(C), ThA] 6Yo] Aubr] S
97} S AfET Yol X e BR H99 ohE
glo] ﬁ%ﬂ?}ﬁ]—(D)(Figure 8). AAAF A HEA) A
F(A) AT 2853 HPT AES BB 5 o]
91%% EXSL A7 F dE-29) collagen®ho] HAJH
T AATHB). WS FE 3] Aol =7] A
2}6}0:1 7d0] A F 7hrt 4As] EeEtE(C), T 7
do] Akt B He7t P X fHlo] TE ¥99 I
5o} thEslo] 3 5= AThD)(Figure 9).
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Figure 8-Photomicrographs of the process of burn healing,

: Thermal burn model

: Thermal burn model of hydrogels treated group after 4 hours
: A scrab peels away

: Heal a burn
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Figure 9-Photomicrographs of the process of wound healing.
: Excision wound model

: A scrab peels away
: Heal a wound
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: Excision wound model of hydrogels treated group after 4 hours
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