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Effects of Shikonin Pigments from the Roots of Lithospermum
erythrorhizon on Rabbit Platelets

Young-Hyun Park’ and Sung-Keun Chang
Department of Food Science and Nutrition, Department of Chemistry, Soonchunhyang University, Asan, 336-745, Korea

ABSTRACT - Lithospermum erythrorhyzon has been used as a red fooddye and traditional Chi-
nese medicine to treat wounds, skin diseases and burns. Platelet activation plays an important
role in thrombosis and haemostasis. Here, we studied the inhibition of platelet activation and its
active compound from the root of Lithospermum erythrorhyzon. Its ethyl acetate extract inhibited
theé aggregation of washed rabbit platelets induced by collagen or thrombin. Five naphthoquinone
pigments, shikonin, acetylshikonin, isobutylshikonin, o-methyl-n-butylshikonin and B,B-dimethy-
lacrylshikonin were isolated by means of high pressure liquid chromatography. The structures
were determined by comparison of their proton nuclear magnetic resonance spectra. The potency
of their inhibition was in the following order : B,B-dimethylacrylshikonin= o-methyl-n-butylshiko-
nin>isobutylshikonin>acetylshikonin>shikonin. It is suggested that the size of the aliphatic
hydroxy group of shikonin is important for the enhancement of potency.
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Column chromatography-- silical gel kieselgel 60 (70-
230mesh, Merck 7734) 2 kieselgel 60 (230-400mesh,
Merck 9385)E Al43t¥H 2™ TLC plates Kieselgel
60F254 (Mercle art 55548 ARSIt £ Ao A&
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pelletyS Tyrode HEPES buffer pH 6358402 F W
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dn)7oez AFsle |, 4% 71 5X107mPt HEE 3
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138.3mM NaCl, 268 mM KCIl, 1.048mM MgCl, 6H,0,
40mM NaHCO,, 10mM HEPES, 0.35% Albumin(BAS),
0.1% glucose®)t}.”?
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A : control aggregation (%)
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AAg A<2(600g)S 312 methanol(MeOH)E. 24417k
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A]712L 05N H,SO,Z pH 60 o|2=F 3t ¥ n-hexane
o2 AFEST HO0F2 A ethyl acetate(EtOAC)E

Lithospermum erythrorhizon
Methanol extract

n-Hexane extract Hz0 layer

dissolved in 1IN NaOH

and filtered through filterpaper

acidified with 0.5N H2504 to pH 6

re-extracted with n-hexane Ethyl acetate extract 20 layer

chromatographed through an open
column of silica gel 60(3X55cm)
fractionated with a gradient solvent
n-Hexane re-extract of n-hexane/ethylacetate
preparative HPLC Column fractions(, II, II1I, IV)
preparative HPLC

Shikonin Shikonin derivatives

Scheme 1. Procedure for extraction of Lithospermum
erythrorhizon
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EtOACTEENA & FE FTHos 48 v}
Elll= 522 Thin layer chromatography(Hexane : EtOAc
=5:19 Z/8vhZ &IE3L High performence liquid
chromatography(intersil ODS prep 10X250 mm)E 84
& 22 ZABIY ZAE 7 SEe] 32 'HA
PCE)21715 18 (NMR, Bruker) ~HEajel] os] A4

Mg W 0%

A9 collagen ¥ thrombin B3 2 L3 &80

Table 1. Effects of solvent extracts from Lithospermum
erythrorhizon on the platelet aggregation induced by collagen
and thrombin

Samples Concentra- Collagen Thrombin

P tion(ig/ml) aggregation inhibition(%)
MeOH extract 100 0 16
n-Hexane 100 100 100
extract 50 100 100
10 16 20
EtOAc 100 100 100
extract 50 100 100
10 0 100
n-Hexane 100 100 100
re-extract 50 100 72
10 100 21

Washed rabbit platelets were preincubated with sample at 37°C for
3 min before the addition of collagen(10 pg/ml) or thrombin
(0. Tunit/ml).
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ZA+22) methanol, n-hexane, ethyl acetate F&E5} alkali
2 2T nhexane AFEEC Uigt &3 JA| e
Table 17+ Z°] collagen®] S22l thsly 2zt FE2E
100 ug/ml F=0A methanol A%} gk n-hexane, ethyl
acetate, n-hexane AFEE=EL 100% HAHULZ, 10 ug/ml
FEANHE nhexane AFEETO] 100% AAE-S VEr
Wt Thrombing] -S-32H-&el tidl z2} #5& 100 ug/ml
o4 methanolS A3t n-hexane, ethyl acetate, n-hexane
AFZEL 100% AAHRL, 10 pg/mlolA ethylacetate
FEETO) 100% JAZE-S Rttt olEd A2dae
n-hexane &5 ethylacetate FEFA 4F &3
o] 7}stAl A =UA T collagen B thrombin®] 33

Table 2. Effect of ethyl acetate fractions from Lithospermum
erythrorhizon on the platelet aggregation induced by collagen
and thrombin

Fraction Concentration Collagen thrombin
(Lg/ml) aggregation inhibition(%)
I 10 0 58
I 10 100 96
m 10 91 84
v 10 0 17

Washed rabbit platelets were preincubated with sample at 37°Cfor
3 min before the addition of collagen(10 ftg/ml) or thrombin
(0.1unit/ml).
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Fig. 1. HPLC chromatogram of ethyl acetate fractions and hexane re-extract
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Table 3. 1H and 13C-NMR of shikonin derivatives isolated Lithospermum erythrorhizon

Carbon No shikonin cetyl- isobutyl- o-methyl-n-butyl- B,B-dimethyl-acryl-
' 6 C(ppm) OH(ppm) dH(ppm) dH(ppm) SH(ppm) dH(ppm)
i 179.80
2 151.42
3 131.86 72s 6.99 6.97 6.98 6.98
4 180.59
5 165.53 1249 12.43 12.44 12.69 12.69
6 132.29 7.17d1.0 7.19 7.19 7.18 7.18
7 132.39 7.20d1.0 7.19 7.19 7.18 7.18
8 164.91 12.60s 12.59 12.59 12.95 12.95
9 112.54
10 111.54
11 68.36 491dd44,73 6.02 6.02 6.00 6.00
12 35.68 235qt7.3,143 2.53 2.53 2.49 249
2.64qt5.3, 140
13 118.44 520td6.8,1.2 5.11 5.12 5.12 5.12
14 137.39
15 18.06 1.65s 1.58 1.58 1.58 1.58
16 2592 1765 1.69 1.69 1.68 1.68
R CH,CO- (CH,),CHCO- _ CH,CH,CHCO- (CH,),C = CHCO-
2.14 1.20 0.96 CH, - 1.93 5.77
1.23 1.16 2.15

Table 4. Effect of shikonin derivatives isolated from
Lithospermum erythrorhizon on the platelet aggregation
induced by collagen and thrombin

Shikonin derivatives Concentra- Collagen  Thrombin
ton(llg/ml) aggregation inhibition(%)
I 10 58 55
Shikonin | 0 0
10 100 100
Acetyl- 1 0 20
10 100 100
I .
sobutyl 1 0 17
o-methyl-n-butyl- or 10 100 100
B.B-dimethylacryl- 1 83 19
Aspirin 5 12 54

Washed rabbit platelets were preincubated with sample at 37°C for
3 min before the addition of collagen(10 llg/ml) or thrombin
(0.1unit/ml).

methine), C152] 3H= & 1.65(3H, s, methyl), C162] 3H
£ 8 1.76(3H, s, methyh© & shikonin® 7)2F7AS 1}et
st}

9.6%9] peak 1H-NMR 2404 C112] HE § 60
(1H, dd. 4.4, 7.3, methine), 2.14(3H, s, methyl), C11<]
OHOll acethyl-shikonin =42, 11.4%2] peaks 1H-

R=H Shikonin
CCH, Acetyl-shikonin
(&CH(CHa)z Isobutyl-shikonin
o)
CH;3

Ei(!':HCH.‘,CH3 a-Methyl-n-butyl-shikonin
(I'.;CH=C(CH3)2 B,B-dimethyl-acryl-shikonin

Fig. 2. The chemical structure of shikonin derivatives
isolated from Lithospermum erythrorhizon

NMR #4oA Cl1¢] He § 6.00H, dd, 44, 7.3,
methine), 2.5(1H, m, methine), 1.23, 1.253HX2, s,
methyl), C112] OHol isobutyl- shikonin f-=X&, 12.5%
o] peake 1H-NMR 2494 C119] HE 8§ 6.0(1H, dd,
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44, 7.3, methine), 2.5(1H, m, methine), 1.23, 1.25(3H
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