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Abstract

The ether extract of Salviae miltiorrhizae Radix(SMR) was fractionated to give five subfractions, so that two
subfractions of them were recrystallized to yield each pure diterpene quinone pigment. On the basis of spectral
evidence, these two compounds were identified as tanshinone Il and cryptotanshinone. Cryptotanshinone exhi-
bited both of a potent platelet anti-aggregating activity in vitro and a potent antimicrobial activity. GC-MS analy-
sis of the ether extract showed that tanshinone 11 was contained in the largest propertion of all the diterpene qui-
nones. In addition, GC-MS analysis gave other valuable analytical informations.
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INTRODUCTION

Salvia miitiorrhiza Bge (Labiatae) is a perrenial herb,
the root of which, Salviae miltiorhizae Radix (SMR),
has been used for treatment of menstrual disorder,
menostasis, insomnia, blood circulation disease and
angina pectoris as well as against inflammation (1).

Since this crude drug is assumed to act on blood
circulation system, recent researches on SMR (2) have
mainly been focused or the developrment of platelet
aggregating inhibitor like the example of pagono! iso-
fated in Paecniae Radix.

Chung et al. reported that magnesium lithosper-
mate, hydrophilic lignan constituent, of this medicinal
drug effectively improve renal failure (3} and exhibi-
tantioxidant activity (43,

In addition, SMR contain diterpene quinone in relat-
ively large amount. Among them, one of the diterpene
quinone of SMR, tanshinone li, was prepared to the
salt, tanshinone I sulfonate, so that i treats angina pe-

o whom all correspc;r\dence shoaé be addressed

ctoris through the dilation of coronary anteries (1),

Lee et al. (5) reported that isotanshinone 18 of SMR
showed platelet anti-aggregating activity. Many resea-
rch workers have reported antibacterial activity and
cytotoxic activity of diterpene quinone pigment of
SMR (6). The constituents in SMR are classified into
hydrophilic phenolic constituents such as salvianolic
acid {7) as well as magnesium lithospermate and lipo-
philic diterpene quinone pigment (8).

Thus, the research on platelet anti- aggregating intyi-
bitor was carried out in order to produce the an active
extract. It was extracted with water and ether, repecti-
vely, In addition, for proving antimicrobial substance
among SMR, activity guided fractionation on the
ether extract was carried out. And also minimal inhi-
bitory concentration (MIC) tests of an active principle
were performed against several microorganisms.

This resulis of this study found that cryptotanshi-
none possess both potent inhibitory activity on plate-
let aggregation and on microbial growth,

Additional research is need because of the comple-
xity of variable similar diterpene quinone and the an-
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alysis applicable to GC-MS$ is very profitable, this pa-
per deals also with the analysis of diterpene quinone
by GC-MS. While HPLC analysis{9) on abietane -
type pigment of SMR were reported, no GLC analysis
on therm was suggestec.

EXPERIMENTAL METHODS

All melting point were measured on an Electrother-
mal digital meiting point apparatus and uncorrected.
The IR spectra were determined in KBr tablets on a
Bomem MB-100 FT-IR spectrometer and the UV spec-
tra were run Shimadzu V=160 UV/vis recording sp-
ectrophotormneter.

The 'H- and "C-NMR spectrum using TMS as an
internal standard were measured. The El mass spec-
tra were taken with Finnigan Mat T$Q-700. For TLC,
Kieselgel 60 Fzss sheets (Merck) were used.

Plant material and extraction

Commercially available S. miltiorrhizae Radix were
extracted with ether using Soxleht apparatus and fol-
lowed by concentrated in vacuo to yield ether ext-
ract(32gh.

The SMR, 600g, was extracted by hot extraction
and further it was concentrate in vacuo tw vield 89g
of dry weight.

isolation of compound 1 and 2 from ether extrac-
tiomn

Ether extract was subjected to $i0Oz column chro-
matography by the gradient development of n-hexa-
ne-EtOAC solvent system and was afforded subfrac-
tion 1~5. Among them, Fr. 4 anf Fr. 5 afforded com-
pound 1 and compound 2, respectively, by recrystaii-
zation in n~hexane.

Compound 1 (tanshinone 1§}

mp 196~198°C, UV, Amac(MeOHInm (iog & : 223
(4.31), 251 (4.30), 268(4.46), 350(3.22), 460{3.47) ;
iR, ymax (KBriem™ 1 1690, 1670 (carbonyl), 1580,
1535, 1460 taromatic C=C), 1381, 1284, 1191, 1159
7 TH-NMR (200MHz, CDCl3)8 1 1.32(6H, s, Cs-gemi-
nal dimethyl), 1.72(4H, m, Crs-H), 2.27 (3H, d, j=
2Hz, C-CH3j, 3.20(2H, t, 1=6.42 Hz, Co), 7.22(1H,

s, Co-H), 7.56{1H, d, |=8.1 Mz, G-H), 7.64{1H, d,
J=8.1 Hz, Ca-H) ; "C-NMR (50MHz, CDCi3é:

8.7(C1-CHs), 19.8(C7), 30.0(Co), 32.1{Cs-CHs3},
31.71Ce~CH3), 37.8{C7), 119.8(C1), 121.1 {Cra),
126.4(Cop), 127.4(Cab), 125.2(C4), 133.4(Cs), 141.2-
(C2), 1501 {Csa), 177.2(C0s), 185.01C10), 34.6 (Cs),
191 (Cs) 3 MS, m/z (%) 1 294 [M]T, 279 IM~CH3]™,
257 [M-CH3-COT42), 233 (M-CH2-CO-H2017(17),
178{bt,18), 165(c1, 23}, 152{d, 21}

Compound 2(cryptotanshinone}

mp 191~192°C, UV, Amax(MeOHinm{log & : 263
(4.46), 271(4.41), 355(3.41), 477(3.48) 5 IR 7w
(KBrjcm ™" 1 2930(CH), 1680, 1648 (carbonylj, 1620,
1553, 1460 (aromatic C=C), 1400, 1333, 1193, 1140,
840, 700 ; 'H-NMR (200MmHz, COCl3)8 : 1.38{6H, s,
Ce-geminal dimethyl), 1.45(3H, d, j=6Hz, C:-CH3),
1.8004H, m, Crs-H}, 3.65(0H, m, Ci-Hx), 437 (1H,
dd, Jas=Hz, |Jax=5Hz, Cz-Ha), 4.92(1H, t, Jas=)px=9
Hz, Ca-Hs), 7.48 (1H, d, 1=8.5 Hz, H-5), 7.62(1H, d,
1=8.5 Hz, H-4) ; "C-NMR (50MHz, CDCl3)é: 18.0
{Cr-CH3), 18.3(Ca), 40.0 (1), 80.8(Ca), 170.2 (Cxa),
127.5 (), 121.9(Ca), 132.0(Cs), 142.7 (Csa), 34.1
(Ce), 31.2(Ce-CHa), 33.8(Ce-CH3), 37.0:(Cr}, 29.0
(Cy), 151.6{(Coa), 125.5(Cav), 183.5(Cro), 174.8{Ci0a),
17.5(Cna) 3 MS m/z (%) 1 296 [M}7, 281 [M-CH3]
f253 IM-CH3-CQOJ™, 235 [M~CH3-CO-H201+,
179{a1, 41), 141 (b, 63}, 128{c2, 847, 115{d2, 97)

GC-MS analysis of ether extract

The diterpene guinone of ether extract was analys-
ed by GC-MS apparatus (Instrument : HP 5890 series
I gas chromatography-HP 5970 mass selective detec-
tor. Condition ; column : ultra-2 (25m X 0.2 mm. i.d.,
(.33 um thickness, oven temp. -150°C for 2 minutes
and then was raised to 280° C, injector temp. -280°C,
interface temp. -300°C, ionization mode-El made).
Total ion chromatogram was shown in Fig. 1.

The experiment on inhibitory activity against colia-
gen induced-platelet aggregation

The blood of rabbits anesthetized with pentobarbi-
tal was gathered by the syringe filled with 3.2%-triso-
dium citrate. Platelet-rich plasma (PRP} was obtained
by the centrifuge of this blood for 10 minutes {150g).



GC-MS Analysis of Diterpene Quinone Constituents of Salviae Miltiorrhizae Radix and Biological Activity 461

And further platelet-poor plasma {PPP) was obtained
by centrifugation of the precipitate of PRP al 1500g
for 10 minutes. The measurement of platelet aggrega-
tion was carried out by the turbidometric method us-
ing aggregometer. After PRP (351 ul where 5%-DM-
SO (vehicle, 25ul} or test substances (25ul) was added
and followed by stirring and incubating at 37°C, plat-
elet aggregation was induced by collagen.

Antimicrobial activity test

To culture the microorganisms, nutrient agar and
nutrient broth (CHFCO Laboratories) were used. Befo-
re testing, the microorganisms were cultured in the
liquid nutrient broth at 30°C overnight. For the paper
disc test, about 0.5m} sample of the precultured mic-
rcorganisms cell broth was taken and smeard unifor-
mily on an agar plate made of 20m| of nutrient agar.

Paper discs (Toyo Roshi Co., 8mm dia. and about
1.5mm thick) containing Tmg/mi fractions obtained
from the chromatographic fractionation and the same
amount of isolated compound were placed on the
seeded plates.

They are incubated at 30°C for 48 hours, so that
growth inhibitory zones were visually compared.

To measure the minimal inhibitory concentration,
the five samples were examined against several mic-
roorganisms by serial dilution as follows : Tml of the
solutich to be tested was added to 9mi of sterile
media containing 1.5% agar at around 50°C in the
petri dish. This mixture was shaken thoroughly and
solidified. One platinum loop of the organisms sus-
pension precultured at 30° C overnight was inocula-
ted on the agar medium, and incubated at 30°C for
48 hours. The minimal inhibitory concentration was
estimated by visually comparing the microorganisms
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Fig. 1. Total ion chromatogram of SMR ether extract by GC-
MS.

growth,
RESULTS AND DISCUSSION

The methanolic extract was chromatographed to
give five subfraction from sal-1 to sal-5 as shown in
Scheme 1. Two subfractions, sal-4 and sal-3, among
them were recrystallized with each n-hexane to af-
ford compound 1 and 2, respectively as shown in
Scheme 1,

Because spectral data of UV, IR, 'H~NMR and "C-
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Scheme 1. Extraction and isolation procedures of Salviae milti-
orrhizae Radix.
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Fig. 2. Possible mass fragmentation of tanshinone 1! and cryptotanshinone,

NMR of compound were in accordance with those of
tanshinone It as already reported in the literature, it
was confirmed as tanshinone 1. In the same way, com-
pound 2 was identified to be cryptotanshinone by the
comparisen with those reported in the literature. The-
se two compounds have already been known from
SMR.

From the mass fragmentation of compound 1 and
2 was diterpene quinone analogues obtained from
Salvize miltiorrhizae Radix.

it was speculated that Salviae militiarrhizae Radix
was produced because of Mclafferty rearrangement
and successive elimination of methyl, carbonyl and
Ha(> as shown in Fig. 2.

Since many of these analogues have furan or dihy-
drofuran at D-ring, it is Impontant to interpretate low
fragment ion in order to identify partial structure at D-
ring, i.e., the prominent peaks such as m/z 178(bv),

m/z 149 (c1} and m/z 152 {ch} means the presence of
furan moiey at D-ring and also the prominent ion peak
like m/z 141(b2), m/z 128(cz) and m/z 115 {d2) means
the presence of dihydrofuran ring at D-ring site of the
skeleton (Fig. 1).

Since diterpene-1,2-guinone possessing abietane
structure of SMR include other substituted group only
at A- or D-ring, it is very profitable to examine this
fragmentation pattern. Because of this convenient in-
terpretation from mass spectrum, GC-MS analysis on
wotal ether extract was carried out. As a resuli, we obt-
ained total jor chromatogram (Fig. 3) and each cor-
responding mass spectrum (Fig. 4).

As shown in Fig. 4, compound 1 was identified as
tanshinone I by the comparison of mass fragmenta-
tion with that of tanshinone 11 (1}.

Highest peak of 1 in this chromatogram indicated
that this compound was contained in the largest amo-
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Fig. 3. MS spectra of tanshinone 1 (1), ferrunginol (3) and de-
hydrotanshinone H {(4) from GC-MS.

M+
m/z 286

l—M@
miz 271

Fig. 4. Mass fragmentation of ferrunginol obtained from GC-MS.

H

unt of diterpene quinone.

From mass fragmentétion shown in Fig. 4 compo-
und 3 was identified as ferrunginol. No occurrence of
H2O elimination from the structure possessing pheno-
lic OH before cleaving the benzene moiety and the
presence of isopropyl group at the D-ring, instead of
furan moiely recognized from the molecular ion ma-
ke it concluded that it was ferrunginol (Fig. 5).

Successive elimination of methyl and carbonyl
from compound 4 occurred, it produced m/z 277
and m/z 249 (Fig. 5).

Although it was assumed as 6,7-dihydrophenant-
hro [1,2-b]-furan-10,11-dione from the examination
of the fact that 9-hydroxytanshinone 11 was present in
SMR, the possibility of the presence of olefin in C-7

miz 249
Fig. 5. Mass fragmentation of dehydrotanshinone 11 (4).
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was not excluded.

As shown in Table 1, collagen induced platelet an-
ti-aggregating activity test in vitro revealed that cryp-
totanshinone from SMR exhibited the activity superi-
or 1o paeonol of naturally occurring platelet aggrega-
ting inhibitor in the weight per volume concentration.
As the 1Cso level of activity of cryptotanshinone was
similar to that of 0.250mM of aspirin, it was suggested
that this compound was considerably strong platelet
aggregating inhibitor.

However, even the high concentration (1,000ug/
ml) of water extract of SMR did not exert this action.

Therefore, it was suggested that the effective subs-
tances improving blood circulating activity was invol-
ved in diterpene guinone postion containing crypto-
tanshinane and etc.

The microorganisms tested in the present MiC tests
on the antimicrobial activity was shown in Table 2.

Sal-1 was not active at all against all the tested mic-
roargnisms. While sal-2, sal-3 and tanshinone I were

Table 1. Effect of test compound on the platelet aggregation
by collagen (10ug/ mi)

Treatment Concentration % of inhibition
Cryptotan shinone 200up/ ml 48.7
S0pg/ml 41.4
Paeonol 100ug/mi 213
Aspirin 0.500mM 85.0
0.250mm 45.4
0.125mM 2.3
Waler ext. of SMR 1,000ug/mi 0.0

Hee-juhn Park er af,

active against only a few species, cryptotanshinone
showed potent antimicrobial activities against ali the
tested microorganisms as shown in Table 2.

As measured MIC values of cryptotanshinone was
shown in Table 3, this compound completely inhibited
the gowth of Sacchromyces cerevisiae, Candida albic-
ans, Streptococcus mutans, Bacillus licheniformis and
Pseudomonas aeruginosa in 12.5ug/ml. By contrast,
Kiebsieila pneumoniae, Staphylococcus aureus, Bacil-
fus subtilis and Saccharomyces rouxii inkibited the
growth in 500, 200, 25 and 25ul/ml respectively.

CONCLUSIONS

Since the biologically active substance armong SMR

Tabie 3. Minimal inhibitory concentrations of cryptotanshi-
none on microbial growth

Organisms MIC {pg/ mi)

12.5
Lactobacillus casei IFQ 12004 LG

Pseudomonas aeruginosa IFO 3899 12.5
Bacillus licheniformis ATCC 21415 12.5
Bacillus subtilis ATCC 6633 25
Bacillus stearothermophifus KFCC 11238 12.5
Klebsiella pneumoniae IFO 3321 500
Staphylococcus avreus IFO 12732 200
Escherichia coli ATCC 15491 1000
Enmterobacter aerogenes ATCC 29757 100
Sacharomyces rouxii 25
Saccharomyces cerevisiae IFO 1346 12,5
Candida albicans ATCC 10231 12.5
Saccharomyces formonsensis 1000

Table 2. Antimicrobial activity of sal-1, sal-2, sal-3, tanshinone 1l and cryptotanshinone on microbial growth

Clear zane of plate (mm)

Organisms
Sal-1

Sal-

2 Sal-3 Tanshincne 11 Cryptotanshinone

Streptococcus mutans KOC 3065
Lactobacillus casei IFO 12004
Pseudomonas aeruginesa IFO 3899
Bacillus licheniformis ATCC 21413
Bacitlus subtilis ATCC 6633 -
Bacillus stearothermophilus KFCC 11238 -
Klebsiella pneumoniae IFO 3321
Staphylococcus aureus IFQ 12732
Escherichia coli ATCC 15491 -
Enterobacicr acrogenes ATCC 26751

Sacfraromyces rouxis

Saccharomyces cerevisiae IFO 1346

Candida albicans ATCC 10237

Saccharomyces formonsensis

1Al

10
12
10

13
13
23
16
12
- 14 22
- - 14
12
14
12
1
12
13
- : 12

10

N 12
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was occurred in the group of phenolic compound
and the group of diterpene quinone compound, the
present study deals with the distribution of platelet
aggregating inhibitor in SMR. tn addition, diterpene
quinones exhibiting the complex composition was
analyzed by GC-MS.

The occurrence of McLafferty rearrangement and
prominent fragment ion peak in mass spectrum make
it profitable to determine the chemical structure.

Compound 4 showed in GC-M$ was assumed to
be 6,7-dihydrophenanthro [1,2]-furan-10,11-dione
through the examination of molecular ion peak and
its mass fragmentation procedures,

In the blood circulating activity based on platelet
anti-aggregating test, cryptotanshinone revealed that
it was very important platelet aggregating inhibitor
which ICso of this compound with on activity level in
0.250mM of aspirin. Therefore, it was deduced that
platelet aggregating inhibitor was mainly involved in
lipophilic portion such as diterpene quinone.

Moreover, since cryptotanshinene exhibited antimi-
crabial activity against several species of bacteria and
yeast in the low concentration (12.5ug/ml} in addi-
tion to platelet anti-aggregating activity, it was deduc-
ed that it was available biclogically active substance.

CHALO| Diterpene Quinone MER| GC-MSO| 2|5 24 W

n

. Wang, N.,; Luo, H. W.,, Niwa, M, and Ji, . :
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