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Abstracts  Six shikonin metabolites were obtained from human
intestinal bacteria, Bacteriodes fragilis subsp. thetotus. following
biotransformation. The transformation of shikonin (1) was
performed anaerobically for 3 day at 37°C in the bacterial
suspension of B. fragifis which was cultured overnight in
GAM broth. The incubation mixture was extracted with
EtOAc 1o give a dark-brown residue. The residue was apphed
10 a silica gel column, which was eluted successively with
hexane (Fr. A), CHCI, (Fr. B), and CHCI,:MeOH (9:1) (Fr.
C). Six metaboliles, Fr.A (2 and 3), Fr. B { 6 and 7), and Fr.
C (4 and 5) were izolated by repeated silica gel column
chromatography, preparattve TLC, followed by Sephadex
LH-20. In vitro cytotoxicities were tested against human
wumor cell lines; PC-3 (prostate), ACHN {renal), A549 (lung).
SW620 {colon), K562 (leukemia), and Dul45 (prostate). The
shikonin metabolites 2. 4, 5, and 6 showed weaker cylotoxicity
than the parenl shikonin (1). whereas shikonin monomeric
metabolite 3 (ED,, 0.44- 1.22 pg/ml) and dimeric metabolite 7
(ED,, 0.48-2.35 ug/ml) exhibited stronger activities compared
with adriamycin, which was used as the positive conirol.

Key words: Shikonin, biotransformation, Bacteriodes fragilis
subsp. thetaotiss, cyloloxicity

The radix of Lithospernmm erythrorhizon Sieb. et Zucc.
(Boraginaceae) has been used as an anti-in(lammatery and
antipyrelic agent in treatment of measles and eczema in
Chinese folk medicine [19]. Shikonin (1) is a naphtoquinone
pigment found in the rool of L. erythrorhizon. 1L 15
produced commercially from Lithospermum cell cullures
[16] and used as a natural coloring agent for foods, drugs,
and cosmetics. Shikonin and its derivatives from this plant
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have been considered as important medicinal compounds,
potentially for antibacterial [17], anti-inflammatory [18],
and antiamebic activities after studies in rats with induced
intestinal amebiasis [13]. Shikonin derivatives, such as
alkannaneg, dihydroshikonin, cycloshikonin, and acetylshikorir,
have all shown to have potenl anlitumor activities against
L1210 (mouse leukemia) and Sarcoma 180 cells [3, 7, 14].
Synthetic 1.4-naphthoquinone analogues have also been
evaluated for their antitumor activity [2, 3,4, 8,9. 12, 15]
and inhibilory activity of DNA (opoisomerase type I [1].
Accordingly, this polent antitmnor activity of shikonins
encouraged the current investigation of the cylotoxicity of
shikonin metabolites obtained by the bictransformation of
human intestinal bacterria. The present study reports on the
cytotoxic activity of shikonin metabolites (2-7) obtained alter
the anmaerobic incubation of shikonin with Bacreriodes

[fragilis subsp. thetaofus.

MATERIALS AND METHODS

General Experimental Procedures

The melting points were determined by a Yanagimoto micro
melting point apparatus and were presenled uncorrected.
The CD spectra were recorded with a JASCO 1-720
automalic recording spectropolarimeter (JASCO Co., Tokyo,
Japan) in MeOH and CHCI,. The IR spectra were measured
using a Hitachi 260-10 infrared spectrometer. The UV
spectra were tecorded on a Shimadzu UV-2200 UV/VIS
spectrophotometer. The 'H- and “C-NMR spectra were
measured with a JEOT GX-400 spectrometer with TMS as
the internal standard and the chemical shifis were recorded
in & values. The EI-MS and FAB-MS spectra were
measured with a JEOL JMS DX-300 mass spectrometer.
Kieselgel 400 (Wako Pure Chemical Co.), Merck Kieselgel
60 (Merck), and Sephadex LH-20 (Pharmacia LKB) were



used for the column chromatographies. Merck Kieselgel
60 F,,, with thicknesses of 0.25 mm and 0.5 mm was used
for TLC apd preparalive TLC, respectively. Spots were
detected under a UV lamp in day light after spraying with
Ce(50,),-H,S0.,.

Chemicals

The shikonin (1) was purchased from Mitsui Petrochernical
Industries, Lid. (Japan) and its purity was conlirmed before use
by TLC, HPLC, CD. and "H- and "C-NMR spectroscopies.
A general anaerobic medium (GAM)} was purchased from
Nissui Co. (Japan). Fetal calf serum, media, and other
supplemental materials for the cell cultiwe were all purchased
From GIBCO {U.S.A.). Adriamycin was obtained from Sigma
Chemical Co. (U.S.A.).

Microorganism

The Bacteroides frogilis subsp. thetactus, 2 human intestinal
bacterial strain, was provided by Prof. T. Mitsuoka, Tokyo
University, Japan.

Cytotoxic Sulforhodamine B (SRB) Assay

Human cancer cell lines were used and cultured with RPMI
1640 contaimning 5% fetal calf serum (FCS). For SRB assay,
the cells were cultured in RFMI 1640 containing 5% FCS.
The SRB assay was performed according lo the previously
described method [6]. A cell suspension (30,000- 40,000
cells/ml} was prepared in the culture medium which was
then inoculated into each well of a 96-well microtiter plate.
One day after the plaling, a time-zero control plate was
made. The cells were direclly treated with the compounds
and incubated for 48 h in a CQ, incubator. The cells were
fixed with 501 of 30% trichloroacetic acid (TCA)
solution for 1 h at 4°C. and the plates were then washed 5
times with lap water and air-dned. One hundred microliters
of SRB solution (0.4% in 1% acetic acid) was added, and
the cells were stained at room temperature for 30 min. The
residual dye was washed with [% acetic acid and the cells
were air-dried. Tris solution {10 mM, pH 10.5) was added
to sach well, and the optical density (OD) was measured at
540 nm with a microtiter plate reader. The growth inhibition
was calculated according to a previous method. Briefly, the
OD of the trealed well was subtracted from the OD of the
time-zero {Tz) plate and divided by the calculated value of
the untreated control. A growth inhibition of 50% (ED.,)
was calculated using the Probit method [20].

Transformation of Shikonin (1) with Bacteroides
Jragilis sabsp. thetaotus

The transformation of shikonin (1) with 8. fragilis and the
isolation of the metabolites were performed as follows:
Stock cultures of B. fragifis (21) were added to a GAM
broth (18 1) and cultured overnight at 37°C under anaercbic
conditions. The culture was then centrifuged at 7.800 xg
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for 10 min and the resulling pellets washed twice with saline
and suspended in 0.1 M phosphate buffer (20 1, pH 7.3}. A
200 ml of shikonw (1, 0.1 g/ml DMSO) was added 1o the
bacterial suspension and the mixlure was anaerobically
mcubated for 3 day at 37°C. The incubation mixture was
adjusted to pH ca. 3.0 with 5% HCL, and extracted with
EiQAc (20 1x3). The EtOAc layer was washed with H,O
and evaporated in vacito to give a datk-brown residue (34
g). The residue was applied to a silica gel column (50x10
cm) and successively eluted with hexane (Fr. A), CHCL,
(Fr. B), and CHCI;MeOH (9:1) (Fr. C). The fractions
{1,500 ml each) were collected and subjected to TLC.
Fraction A was concenirated and applied 10 a silica gel
column. The elution with hexane:Me,CO (9:1) gave two
compounds, 2 and 3. Fraction B was first subjected 1o
silica gel column chromatography (hexane:CHCI,, 7:3 and
1:9) and then to preparative-TLC (hexane:Me.CO, 8:3} to
collect compounds 6 and 7. Repeaied column chromatography
of fraction C on a silica gel (hexane:CHCL., 1:9 and CHCL,:
MeOH, 9:1), preparative TLC, followed by Sephadex 1LH-
20 {CHC1,:MeQH, 7:3) yielded two dark blue compounds
4 and 5. The physico-chemical properties and spectral data
af each compound were reported previously (Meselhy ef
al., 1994).

RESULTS AND DISCUSSION

Six metabolites of shikonin (1) were obtained from B.

fragili after a 3-day anaerobic incubation, and their structures

were identified as anhydroalkannin (2). deoxyshikonin (3), and
shikometabolins A (4), B (5), C {6). and D (7) as described in
a previous study [11]. The naphthoquinone type monomeric
metaboliies (2 and 3) were yielded through the dehydration
and reduction of 1, The major dimeric metabalites (4 and
5) were obtained by the tautomerization and condensation
of 1 and 2. In addition. the minor dimeric metabolites {6
and 7) were produced by the condensation of 2 and 3. The
coupling of C3-C3" and C2-Ci2’ resulted in the formation
of 6, while that of C3-C12' and C11-C1' vielded 7.
Shikonin (1) was reported to exhibit potent anti-
mflammatory, antitumor, and other biological activities. In
a previous study, the current authors tested the metabolites
of shikonin for their anti-inllammatory and antiviral activities
on the reverse {ranscriptase of human immonodeficiency virus
{HIV). However. these metaboliles exhibited no inhibitory
activity on carragenin-induced hind-paw edema in mice.
Only the violet dimers (4 and 5) showed a weaker
mhibitory effect on reverse transcriptase activity on HIV
than shikonin [11]. This is supporied by the fact that the
anti-inflammatory and antiviral effects of 1 were reduced
after anaerobic incubation with human intestinal bacteria.
In continuous study of the biolegical activity of these
metabolites using tumor cell lines, the cyloloxicities of
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Table 1. Cytotoxicity of shikonin melaboliles (1-7) against human tumor cell lines.

ED., values (tig/ml)

Compound

PC-3 ACHN AS349 SWo620 K362 Duids
Shikenin (1) 1.85 0.42 2.19 1.00 3.56 1.39
Anhydroalkannin (2} 3.25 2.67 4.13 2.80 5.89 2.85
Deoxyshikonin (3) 0.85 0.64 1.03 0.44 1.22 0.80
Shikometabolin A (4) 521 3.33 546 5.26 6.48 =10
Shikometabolin B (5} 5.80 6.74 >10 8.09 8.24 =10
Shikometabolin C (6) >10 >10 =10 =10 >10 =10
Shikometabolin D (7} 1.45 1.14 0.94 0.48 1.50 2.35
Adriamycin® 0.94 0.60 0.95 0.58 (r.91 0.81
Posilive control.
OHOQ OH OH O OH O
YUY QT
CH © OH O OH O
Shikonin (1) Anhydroalkannin {2) Deoxyshikonin {3)

Shikometabolin C (6)
Fig. 1. Stractures of shikonin (1) and its metabolies (2-7).

shikonin (1) and its metaholites (2-7) were measured againsl
six human tumor cell lines: PC-3 (prostate), ACHN (renal),
A549 (lung), SW620 (colon), K562 (leukemia), and Dul45
(prostate). Shikonin (1) showed a relatively potent cytotoxicity
(ED,, values, <4.0 pg/ml) agamst all the tumeor cell lines. The
metabalites 2, 4, 5, and 6 showed a weaker cytotoxicity
than the parent shikonin (1), whereas compounds 3 and 7
exhibited a stronger activity.

Between the two monomeric metabolites (2 and 3),
compound 3, which had a double bond in the naphthoguinone
side chain, demonstrated an mereased cytotoxicity of about
two-fold against all the tested tumor cells, with the exception
of ACHN, when compared to the parent compound 1. In
addition, compound 3 showed similar activities to adriamyein
against PC-5, ACHN. A349. SW620, K562, and Dul45

Shikametabolin B (E)

OHg %ﬁ#o OH
CLE0
QH @ \\]{ O OH

Shikometabolin D (7)

tumor cell Imes with ED., valoes of .85, .64, 1.03, 0.44,
[.22, and 0.80 Lg/ml, respectively. In conrast, compound
2, which had a diene structure in i1s side chain, exhibited a
reduced activity of about two-fold when compared to that
of 1. A comparison of the shikonin derivatives (1-3)
revealed that the number of double bonds and functional
groups in the naphthoquinone side chain were important
factors for enhancing the cytotoxicity n tumor cell lines.
Amnong the dimeric metabolites (4-7), compound 7 showed
the most potent cylotoxicity against PC-3. ACHN, A549,
SWa20, K562, and Dulds cell lines with ED,, values of
145, 1.14, 0.94, 0.48, 1.50. and 2.35 png/ml, respectively.
Compounds 4 and 3, both condensed dimeric metabolites
with shikonin tautomers, showed a weaker cytotoxicity
than the parent shikommn (1). These two compounds were



stereoisomers with a mirror image-like structure of each
other and had almost the same activity against all the tested
tumor cell lines. Compound 6 was completely inactive with
all the cells tested. Compound 7 presented a bicyclopentane
spacer between two naphthoquinones, showed au tncreased
cytotoxicily compared to the parent shikonin (1), and
exhibited the most polent activity among the dimeric
metabolites (4-7), thus indicating that the bicyclopentane
spacer of the dimer has ap important vole in enhancing
cytotoxicity. Among the compounds tested. compounds 3
and T exhibited significant cytotoxicities against s1X tumor
cell lines, especially SE620 colon tumor cells. Based on the
cytotoxic activity of compounds 3 and 7 agaunst several tumor
cell lines, further in vive studies are needed to evaluate the
respective antitumor aclivities of shikonin metabolites.
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