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A MeOH extract of the dry root of Lithospermum erythrorhizon showed strong increasing effect on serine
palmitoyltransferase (SPT) in normal human keratinocyte cells (HaCaT cells). Bioassay-guided separation
on this extract using repeated chromatography resulted in the isolation of lithospermic acid (1) and two
derivative esters, 900-methyl lithospermate (2) and 90-methyl lithospermate (3). Compounds 1–3 signifi-
cantly increased SPT expressions in the relative quantity (%) of SPT1 mRNA as well as SPT2 mRNA. These
constituents also raised the level of SPT protein in HaCaT cells in a dose-dependent manner, with the
increased level of SPT protein in HaCaT cells of 55%, 23%, and 81% at the concentration of 100 lg/ml,
respectively. This finding suggests that lithospermic acid and its derivatives from L. erythrorhizon might
improve the permeability barrier by stimulating the protein level of SPT.

� 2009 Elsevier Ltd. All rights reserved.
The roots of Lithospermum erythrorhizon (Boraginaceae) are
used in the oriental medicine to treat skin disorders such as heal-
ing burn, inflammation, wounds, and used as a dye for food colo-
rants.1 Naphthoquinones (shikonin derivatives)1 and caffeic acid
oligomers2 have been reported as major constituents of this plant.
These principles have been reported to possess a wide range of bio-
logical activities, for example, anti-inflammation,3 cytotoxicity
against human cancer cell lines,4 and inhibitory effect on choles-
terol acyltransferase.5 Recent studies have suggested that the ex-
tracts of L. erythrorhizon could be used for the treatment of a
variety of problems on human skin such as water loss,6 the epider-
mal hyperproliferation,7 and UVB-induced inflammation.8 In the
present study, we found that one fraction from a MeOH extract
of L. erythrorhizon exhibited a significant increasing effect on serine
palmitoyltransferase (SPT) in HaCaT cells. Serine palmitoyltrans-
ferase is a key enzyme for the initial step of sphingolipid biosyn-
thesis,9 and it is a producer of important components of the
epidermal permeability barrier that are decreased in atopic derma-
titis and aged skin.10,11 Therefore, substances that have increasing
effect on SPT in HaCaT cells are suggested to possess skin protec-
tive activity.10 Since the MeOH extract of L. erythrorhizon showed
strong increasing effect on SPT, we set out to study on principle
ll rights reserved.
constituents that stimulate the expression levels of SPT in HaCaT
cells from this plant.

The bioassay-guided fractionation of the MeOH extract of
L. erythrorhizon on a HP-20 column eluting with step gradient of
MeOH in H2O revealed a most active fraction LE-A.12 To character-
ize the active principles, purification of this active fraction (LE-A),
which eluted with 60% MeOH on HP-20 column chromatography,
resulted in the isolation of three main compounds 1–3 by using re-
peated chromatography.12 These isolated compounds (Fig. 1) were
identified as lithospermic acid (1), 900-methyl lithospermate (2),
and 90-methyl lithospermate (3) by comparing their physicochem-
ical and spectroscopic data with published values.13,14 The active
fraction (LE-A) and compounds 1–3 showed no cytotoxicity against
normal human keratinocyte cell line (HaCaT) at the concentration
50–200 lg/ml in a MTT assay.15 In order to measure the change in
the mRNA expression of SPT in HaCaT cells, the real-time RT-TCR
assay was applied.16 Compounds 1–3 showed a significant increase
in the levels of SPT expressions with the relative quantity (%) of
SPT1 mRNA of 121, 139, and 148, respectively, and the relative
quantity (%) of SPT2 mRNA of 151, 139, and 159, respectively
(Table 1). To further confirm the effects of isolates on the SPT levels
in the HaCaT cells, Western blot analysis was used to examine the
protein levels (% of NC).17 Figure 2 depicts the effects of active frac-
tion (LE-A) and compounds 1–3 on expression of SPT protein in
HaCaT cells in a dose-dependent manner. Isolates 1–3 showed
the raising the level of SPT protein in HaCaT cells to 21.7%, 8.9%,
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Figure 2. Effects of compounds 1–3 in expression of SPT protein in HaCaT cells.
Compounds were treated at 10, 30, and 100 lg/ml for 9 h and the levels of SPT were
analyzed by image quantitative analysis software.17 NC, negative control; PC,
positive control (nicotinamide, 100 lM); LE-A, the active fraction of L. erythrorhizon.
Data are expressed as means ± SD of triplicate experiments. *p < 0.05 versus the
negative control.
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Figure 1. Structures of isolates 1–3 from L. erythrorhizon.
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Figure 3. Effect of active fraction (LE-A) and compounds 1–3 on the basal NF-jB
activity in HaCaT cells. A dual-luciferase reporter gene assay was performed on
lysed cells co-transfected with pNF-jB-Luc plasmid (firefly luciferase) and phRL-SV
(hRenilla luciferase). Reporter gene activations were expressed as changes relative
to hRenilla luciferase activity. The results shown represent means ± SD of three
separate sample. *p < 0.05 versus the control (C).
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and 20.2%, respectively, at the concentration of 30 lg/ml, and to
55%, 23%, and 81%, respectively, at 100 lg/ml. Meanwhile, the po-
sitive control nicotinamide increased about 57.3% the level of SPT
protein at 100 lg/ml. The active fraction (LE-A) and compounds
1–3 were tested for their effects on NF-jB activity18 because in-
creased de novo cerimide synthesis by SPT enzyme could be asso-
ciated with cell damages as the major factor in lipoapoptosis19 or
inflammatory cascades.20 The result in Figure 3 showed that rela-
tive NF-jB reporter activity was not significantly altered by LE-A
as well as compounds 1–3. Western blot anaysis21 also indicated
that LE-A and compounds 1–3 at 100 lg/ml do not showed any
change on the p65 nuclear transcription, a major protein subunit
of NF-jB complex, until 12 h treatment (data not shown). These
observations demonstrate that the increasing in SPT expressions
in HaCaT cells by LE-A and its principles is not associated with
NF-jB activation as well as inflammation response.22 Taken to-
gether, it could be conclude that lithospermic acid derivatives
(1–3) exhibited stimulatory expression of SPT in HaCaT cells,
which is a novel action of these natural compounds.

The epidermal permeability barrier is the outmost layer of the
epidermis, its disruption causes an increase in trans-epidermal
water loss (TEWL), aging in skin, and epidermal hyperproliferation.
For the recovery of normal epidermal permeability, therapeutic
methods by steroids combined with UVB or retinoids have been
used until now. Furthermore, the control of hyperproliferation by
small molecules without adverse effects has been struggled in dif-
ficulty of skin delivery. Previous studies have demonstrated that
organic or water extracts of L. erythrorhizon reversed the epidermal
Table 1
Effects of compounds 1–3 on mRNA expression of SPT in HaCaT cells

Treatmenta Relative quantity (%)
of SPT1 mRNA

Relative quantity (%)
of SPT2 mRNA

NC 100 ± 13.8 100 ± 9.1
PC 127 ± 11.0 128 ± 17.0
LE-A 107 ± 10.7 165 ± 4.2**

1 121 ± 14.6 151 ± 7.1**

2 139 ± 16.1* 139 ± 7.1*

3 148 ± 16.4** 159 ± 2.8*

a All the compounds were treated at 100 lg/ml. Data are expressed as
means ± SD of duplicate experiments and the significance of mean is analyzed by t-
test versus negative control. NC, negative control; PC, nicotinamide was used as a
positive control; LE-A, the active fraction of L. erythrorhizon.
* p < 0.05.
** p < 0.01 versus negative control.
hyperproliferation in animal models,6 and the EtOH extract of roots
of this plant had moisturizing effect on human skin.7 Kim et al.
suggested that water extract of L. erythrorhizon reversed the epi-
dermal hyperproliferation by dietary supplement and significantly
increased the ceramide synthesis.6 Moreover, extracts of the roots
of L. erythrorhizon protected the UVB-induced damage in normal
human epidermal keratinocytes (NHEK).8 It has been shown that
shikonin derivatives are active constituents showing the increase
of cell viability in UVB-irradiated NHEK.8 However, this study re-
ports for the first time that lithospermic acid and its derivatives
(1–3) from L. erythrorhizon increased expression of SPT in HaCaT,
suggesting that these compounds might improve the permeability
barrier by stimulating SPT. Further investigation and optimization
of this property of lithospermic acid derivatives might useable to
development of new protective skin agents.
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