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Abstract-Two phenohc acids isolated from colourless cell cultures of Llthospermum erythrorhlzon were identified as 
rosmarmlc acid and hthospermlc acid However, these compounds were not detected m pigmented cell cultures 
producing shlkomn derivatives 

INTRODUCTION 

Cultured cells (strain M-18) of Ltthosperum erythrorhrzon 
Sleb et Zucc [14-J are capable of producmg the same red 
naphthoqumone pigments (shlkomn denvatlves) as those 
found m the root bark of the ongmal plant, when grown m 
a ‘production medium (M9) [6,7] supplemented with 
IAA (10m6 M) and kmetm (lo-’ M). When grown m 
Lmsmaler-Skoog’s liquid medium (LS) [8] contaming 
the same growth regulators, however, the cells cease 
producmg shlkonm denvatlves owing to excess am- 
monium ions present m this medium [6] Little 1s known 
as to what metabohtes might accumulate m the un- 
pigmented cells in place of shlkomn This paper deals 
chiefly with the ldentlficatlon and quantitative estunatlon 
of two phenohc compounds isolated from these cells 

RESULTS AND DISCUSSION 

The methanol extract of fresh cells grown m LS 
medium for 2 weeks was concentrated and extracted 
successively with benzene, ethyl acetate and n-butanol 
TLC analysis showed that both the ethyl acetate and n- 
butanol extracts contained ferric chloride-positive phe- 
nohcs, which were absent from shlkonm-producing 
cultures grown m M9 medium The ethyl acetate extract 
was chromatographed on a Sephadex LH-20 column with 
80% ethanol as solvent to gve compound 1 as an off- 
white powder Its ‘HNMR (200 MHz, CD,OD) spec- 
trum showed two ABX systems [66 62 (dd, J = 2, 8 Hz, 
lH), 6 69 (d, J = 8 Hz, lH), 6 78 (d, J = 2 Hz, lH), 6 78 (d, 
J = 8 Hz, lH), 693 (dd, J = 2, 8 Hz, lH), 7 02 (d, J 
= 2 Hz, lH)] attnbutable to 1,3,4_tnsubstltuted benzene, 
an AB system [ii627 (d, J = 16 Hz, lH), 7 51 (d, J 
= 16 Hz, lH)] assigned to tmns-olefinlc protons, a 1H 
doubledoublet [S 5 10 (dd, J = 5,9 Hz, lH)] assigned to a 
methme proton, and two 1H double-doublets [62 95 (dd, 
J = 9,14 Hz, lH), 3 10 (dd, J = 5,14 Hz, lH)] assigned to 
methylene protons on a carbon adJacent to the carbon 
bearing the above methme proton These data suggest that 
1 IS rosmarmlc acid, which was first isolated from 
Rosmarmus oficmubs (Labiatae) [9] The ‘HNMR and 
“C NMR data and [a]o of 1 agreed urlth those previously 
reported [9-111, 1 was ldentfied as rosmarmlc acid by 

z;F (TLC, HPLC, [a]o and IR) with an authentic 

The n-butanol extract was fractionated by a slmdar 
method to that applied to the ethyl acetate extract to pve 
compound 2 as an off-white powder Its ‘H NMR spec- 
trum resembled that of 1 except that it showed two 

‘OH 
2 

Table 1 Contents of 1 and 2 m the cultured cells and fresh root 
of Luhospennum erythrorkzon 

Content of phenohc actds (mg/l medmm) 

Compound 

Unpigmented Plgmented 
cultured cultured Fresh root 

cells* cellst (mg/g fr wt) 

Rosmanmc acid (1) 
Llthospenc acid (2) 

61% --Q trace 
129 - 249 

*Culture strain M-18 grown m M9 medium 
TCulture stram M-18 grown m LS medium 
$E.qmvalent to 5 5 mg/g dry wt 
$Not detected 

2398 



Short Reports 2399 

additional AB systems [S4 35 (d, J = 5 HZ, 1H) 5 88 (d, J 
=5Hz, lH),681 (d,J=8Hz, lH),751 (d,J=8Hz, 
lH)] which were assigned to two protons on a benzene 
rmg and to two protons on two adJacent sp” carbons 
These data suggest that 2 IS hthospermlc acid, w&h WZIS 
first Isolated from Lzthospermum ruderule (Boragmaceae) 
[ 121 The structure of 2 was confirmed by comparison of 
its spectral data (‘H NMR, 13C NMR and IR) wrth those 
given m refs [lo] and [l I], furthermore, 2 behaved 
ldentlcally to an authentic sample on TLC (four solvent 
systems) 

As the presence of 1 or 2 m L erythrorhuon was 
hitherto unknown, thar contents m the fresh root and 
cultured cells were determined by HPLC The results 
showed that a comparatively largeamount of 2and a trace 
of 1 are present m the root which contams shlkomn 
denvatwes only m the cork layers By contrast to the 
unplgmented cells, neither of the two compounds was 
detected m pigmented cultured cells or m the culture 
medium 

EXPERIMENTAL 

Plant materrals and culture method Callus cultures (strain M- 
18) of Llthospermum erythrorhzron were ongmally denved from 
the germinating seed on Lmsmaler-Skoog’s basal agar medmm 
[8] contarnmg 2,4-D (10e6M) and kmetm (lo-’ M), and 
subcultured on the same medium contauung IAA (10m6 M) m 
place of 2,4-D for 10 years at 25” m the dark Cell suspension 
cultures nutlated from the callus were grown m the same medium 
without agar on a rmprocal shaker (100 strokes/nun) at 25” m 
the dark and subcultured at intervals of 2 weeks for ca 1 year 
Cells grown m LS medmm were harvested for chermcal analysis 2 
weeks after maculation To obtain stiomn-producmg cells, 
unpigmented cells, which had been pre-cultured for 2 weeks m LS 
medmm, were transferred to M9 medmm [7] and cultured for 2 
weeks before harvest Fresh roots of L erythrorhlzon were 
obtamed from a plant cultivated at Kyoto Herbal Garden of 
Takeda Chemical Industries Ltd 

Extractron and tsokrtlon Cells (Hw)g fr wt) cultured in LS 
medium were extracted with MeOH (2 5 1) The extract was 
coned tn uacuo, and extracted successwely with C6H,, EtOAc and 
n-BuOH The EtOAc extract (470 mg) was chromatographed on 
a column of Sephadex LH-20 (45 x 2 cm) and eluted wrth 80 % 
EtOH to collect 60 fractions (5 g each) Combined fraction Nos 
24-28 (100 mg) gave chromatographycaily pure 1 as an off-white 
powder The n-BuOH extract (142 g) was also fractionated 
according to the method described above Fraction Nos 2327 
(98 mg) afforded 1 as an off-white powder, fraction Nos 30-40 
gave 2 (20 mg) as an off-white powder, fraction Nos 28 and 29 

were found to be a mutture of 1 and 2 (23 mg) The physical data 
([alD,IR,‘HNMRand”CNMR)of 1andZwereidentrcalwith 
those described m refs [9-l l] 
HPLC md TLC figmented cells (30 g fr wt) cultured m M9 

medium, unpigmented cells (25 g fr wt) cultured m LS medmm, 
and the fresh root of L erythrorhlzon (9 g fr wt) were homogen- 
lied m MeOH (50ml) The extracts were subjected to HPLC 
analysis, column, TSK-GEL LS41OA (ODS, Toyo Soda, Japan), 
150 x 4 6 mm, solvent, H,O-MeOH-HOAc (20 30 1, v/v), flow 
rate 1 ml/mm, pressure, 100 kg/cm’, detection, absorption at 
280nm The quantity of 1 or 2 was estimated from the 
correspondmg peak area recorded by Chromatopac C-RIA 
(Stumadzu, Japan) The punty of isolated 1 or 2 was checked 
by TLC usmg the following solvents EtOAc-MeOH-H,O 
(100 16 5 13 5), toluene_EtOAc-HOAc (4 5 2), toluene- 
HC02Et-HC02H (14 10 3) and n-BuOH-HOAc-HZ0 (10 2 1) 
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