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Abstract

Objectives The aim of this report was to isolate, identify and assess the gastroprotective
effect and cytotoxicity of abietane diterpenes from the Chilean medicinal plant Sphacele
chamaedryoides (Balbis) Briq. (Lamiaceae).

Methods The isolated compounds were identified by spectroscopic means. The
gastroprotective effect of the compounds was studied on the HCI/EtOH-induced gastric
lesions model in mice. The cytotoxicity of the compounds was assessed on human normal
lung fibroblasts (MRC-5) and gastric adenocarcinoma cells (AGS).

Key findings From the aerial parts of the plant, five phenolic and five p-quinone
abietanes, the sesquiterpene spathulenol and two flavonoids were obtained. The main
diterpene from the plant was carnosol (7). Lansoprazole at 20 mg/kg reduced gastric
lesions by 64.7% (P < 0.01), being statistically similar to carnosol at doses of 10 and
20 mg/kg; the percent lesion reduction with 7 at 5 mg/kg was 49.3%. At a single oral dose
of 5 mg/kg, the diterpenes bearing a p-quinone moiety — 6,7-dehydroroyleanone (1),
royleanone (2), 7,20-epoxyroyleanone (3), taxoquinone (5) and horminone (6) — presented
a gastroprotective effect of 54.4, 70.8, 65.0, 35.8 and 52.7%, respectively. Of the C-7
hydroxy derivatives, the activity was much lower for the 73-OH isomer. The phenolic
diterpenes 7 and 7-oxo-11,12,14-trihydroxy-8,11,13-abietatrien-20-al (8) inhibited gastric
lesions by 49.3 and 53.0%, respectively. Royleanone (2), 7,20-epoxyroyleanone (3),
horminone (6), 8 and spathulenol proved to be cytotoxic with IC50 values in the range of
11-67 um. The selective cytotoxicity of compounds 1 (IC50: 61 and 366 um) and 5 (IC50:
310 and 27 pm) against AGS cells and fibroblasts, respectively, merit additional studies.
Conclusions All the abietanes obtained from S. chamaedryoides present either one or two
phenolic OH groups, a quinone system, or both. Several compounds present in the plant
showed higher gastroprotective effect than lansoprazole. The cytotoxic effect of most
compounds was found at fairly high concentrations and lacked cell specificity. Further
studies are required using different tumour cell lines and viability/proliferation assays to
assess the specificity of the isolated compounds. The selective cytotoxicity of compounds 1
and S against AGS cells and fibroblasts, respectively, merit additional studies.
Keywords abietane diterpenes; cytotoxicity; gastroprotective effect; Lamiaceae;
Sphacele chamaedryoides

Introduction

Gastric and duodenal ulcers are digestive diseases that affect, with different intensity,
8-10% of the population living in the industrialized countries. In 2002, stomach cancer and
peptic ulcer disease represented 1.5 and 0.5% of the total cause of deaths in the world,
respectively.!'! Recently, it has been well established that chronic gastric ulcer might lead
to the development of gastric and pancreatic cancer.”* Gastric cancer is the fourth cause
of mortality in individuals aged 45-64 years in Chile" with an annual rate of 4.9%. Chile
has one of the highest incidences of gastric cancer, with a similar prevalence to Japan,
Costa Rica and Singapore. The pharmacological therapeutics of gastric ulcer have evolved
from the use of antacids, anticholinergic drugs and H,-receptor blockers to the more recent
antisecretory drugs that inhibit the gastric H-K* ATPase.”! In the last few decades, much
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effort has been made to discover and develop new anti-ulcer
drugs from natural sources, some plant-derived anti-ulcer
drugs being carbenoxolone from Glycyrrhiza glabra, solon
from sophoradin isolated from Sophora subprostrata and
gefarnate from cabbage (Brassica oleracea) among others.[®!

Abietane diterpenes display several biological effects,
including anti-ulcerogenic and antiproliferative activity in
human tumour cell lines.”* The gastroprotective effect and
cytotoxicity of abietane diterpenes has been shown in studies
carried out with natural products as well as semisynthetic
derivatives. The work performed so far includes the classical
investigations leading to ecabet sodium,’”'!"! structure—
activity trends in dehydroabietic acid derivatives,"'?! ferru-
ginol™* ' and its semisynthetic products,’'® cytotoxic
effect of Salvia diterpenes!'”’ and a dehydroabietylamine
derivative.'"®! The genus Sphacele is commonly found in
central Chile and it constitutes are a good source of
diterpenes. The isolation of antioxidant abietanes from
Sphacele salviae was reported by Escuder et al.'®! Accord-
ing to these authors the compounds presented high free
radical scavenging effect against the free radical diphenyl-
picrylhydrazyl (DPPH). Escuder et al"®! described the
isolation of phenolic diterpenes from the leaves of S. salviae,
but quinone diterpenes were not obtained. The herb Sphacele
chamaedryoides (Balbis) Briq. (Lamiaceae) (Syn. Lepechinia
chamaedryoides (Balb.) Epl.) occurs in the coastal range of
central Chile and is known under the common name ‘algue-
lahuen’ or ‘salvia macho’.**2!" Some peasants use the leaf
infusion as a digestive. The composition of S. chamae-
dryoides essential oil was described by Valenzuela et al.!**!
The diterpene quinone horminone was identified from the
leaf resin of S. chanwedryoides.[23J Abietane diterpenes
have been described as constituents of S. salviae but
S. chamaedryoides has not previously been investigated as
a source of gastroprotective and cytotoxic constituents.
Following our studies on bioactive terpenes from South
American plants, we now report the isolation, gastroprotec-
tive effect and cytotoxicity of abietane diterpenes from
‘algue-lahuen’.

Materials and Methods

Equipment

Melting points were determined on a Koffler hot stage
apparatus (Electrothermal 9100) and were uncorrected.
Optical rotations were obtained for solutions in CHClj
(concentrations expressed in g/100 ml) on a Jasco DIP 370
polarimeter. IR spectra were recorded on a Nicolet Nexus
FT-IR instrument. '"H NMR spectra were recorded at
400 MHz and ">C NMR data were obtained at 100 MHz on a
Bruker Avance 400 spectrometer (6 scale). Mass spectra are
presented as m/z (rel. int. %). Si gel 60 (Merck, 63-200-um
particle size) was used for column chromatography, pre-
coated Si gel plates (Merck, Kieselgel 60 F,s4, 0.25 mm)
were used for TLC analysis. TLC spots were visualized by
spraying the chromatograms with p-anisaldehyde—ethanol—
acetic acid—-H,SO4 (2 : 170 : 20 : 10 v/v) and heating at
110°C for 3 min. High-speed counter-current chromatogra-
phy (HSCCC) was carried out with a P.C. Inc. (Potomac,
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USA) equipment. The apparatus consisted of a multilayer
coil of 1.68 mm i.d. poly(tetrafluoroethylene) tubing with a
total capacity of 320 ml. The revolution radius or the
distance between the holder axis and central axis of the
centrifuge (R) was 10.5 cm, the S-value was 0.76 (G = 1/R),
where r is the distance from the coil to the holder shaft. The
rotor speed varied from 0 to 1200 rev/min. The flow rate was
controlled with a DC Analytic Gearmotor (Bodine Electric
Company, Chicago, USA) with a P.C. Inc. injection module
and with a 10-ml sample loop."*¥!

Extraction and isolation of the compounds

Sphacele chamaedryoides was collected in March 2005 in a
forest near Salto de Agua, Chovellen (VII Region, Chile).
A voucher specimen (No. 3006) was deposited in the herbarium
of the Universidad de Talca. The plant was identified by
Dr Patricio Pefiailillo at the Universidad de Talca Herbarium.

Dried and powdered leaves (1 kg) were extracted under
reflux with petroleum ether (PE) (3 x 30 min, 10 L PE each
time) to obtain 45 g of a PE extract. The plant material was
subsequently extracted by reflux with EtOAc (3 % 30 min,
10 L EtOAc each time) to obtain 25 g of an EtOAc extract.

The PE extract was permeated on Sephadex LH-20
(column length 50 cm, internal diameter 5 cm) with a
3:1:1 PE-DCM-MeOH (v/v/v) mixture as eluent. The
procedure was repeated three times with 10 g of the crude
extract. For every 10 g extract-permeation, some 25 fractions
of 20 ml each were collected. According to the TLC pattern
(silica gel, PE-EtOAc 7 : 3, v/v), the fractions were pooled
into three fraction groups A—C. Fraction A consisted of
chlorophyll and was discarded. Fraction B (13 g) was
chromatographed on silica gel G 60 (120 g, 200-500 pm)
in a 60 x 6 cm column using a PE-EtOAc 0-100% gradient
to afford five subfractions named B-1 to B-5. The fractions
B-1 to B-3 were further purified by HSCCC. Column
chromatography (CC) of the fraction B-4 on silica gel (120 g,
particle size 200-500 pm, column length 50 cm, internal
diameter 3 cm) using a PE to EtOAc gradient yielded 183
fractions of 20 ml each. From the fractions 64-82, some
68 mg of 7-oxo-11,12,14-trihydroxy-8,11,13-abietatrien-20-
al (8) was obtained. The fraction B-5 after CC on silica gel
(100 g, 200-500 pm, 60 x 2.5 cm column) using DCM-
MeOH (0-10%) afforded 151 fractions of 20 ml each. From
fractions 1-30, compound 9 (2 mg) was obtained, while
fractions 31-50 yielded compound 10 (4 mg) and fractions
73-99 afforded 250 mg carnosol (7). Column chromatogra-
phy of fraction C afforded 60 mg horminone (6).

Some 25 g of the EtOAc extract was permeated in a
Sephadex LH-20 column (50 cm length, 5 cm internal
diameter) using MeOH as the mobile phase. Fractions were
pooled according to the TLC patterns (silica gel, PE-EtOAc,
7 : 3, v/v). Chlorophyll-containing fractions were discarded
and the mixtures were pooled into two subfractions named A
and B. Further fractionation of fraction B by CC on silica gel
(60 g, 200-500 pm, 50 X 5 cm column) resulted in 198
fractions of 20 ml each. Fractions 3-5 afforded 30 mg
ferruginol (4), fractions 90-103 yielded after successive
crystallizations in benzene 90 mg of carnosol (7), and
fractions 115-198 after recrystallization in PE gave 22 mg
of the flavonoid pinocembrin (Figure 1).
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Powdered dry leaves (1 kg)

PE extraction
(3x30 min x 10 L each)

PE solubles (45 g)

Sephadex LH-20
(PE/DCM/MeOH 3:1:1)

Plant material

EtOAc extraction
(3x30 min x 10 L each)

EtOAc solubles (25 g)

Fraction C
(4.5 9)

Fraction B
(139

5-Hydroxy-4'7-
dimethoxyflavone (6 mg)

Sephadex LH-20 (MeOH)
CC: silicagel: 200-500 pm

PE/EtOAC gradient

Cc: sio,
200-500 ;im

- <
Gradient:

PE/EtOAC Ferruginol 4 (30 mg)

Carnosol 7 (90 mg)

Pinocembrin 12 (22 mg)

Horminone 6 (60 mg)

Enriched fractions
B-4 and B-5

B-1 (90 mg)

B-3 (860 mg)

B-5 (1.9 g)

B-2 (220 mg)

HSCCC
PE-EtOH-EtZO-HZO<_
5:4:0.5:1

—»

7,20-Epoxyroyleanone
3 (20 mg)

CC: Sio,

B-4 (1.5 g) DCM/MeOH

HSCCC (300 mg)
PE-EtOAc-MeOH-H,0
L 4:1:4:1

CC: SiO,(PE/EtOAC)

Deoxocarnosol 10
(4 mg)

Carnosol 7 (250 mg)

Royleanone 2 (10 mg) Ferruginol 4 (18 mg)

Horminone 6 (14 mg) Compound 9 (2 mg)

6,7-Dehydroroyleanone 1

(40 mg) Spathulenol

11 (20 mg)

7-Ox0-11,12,14-trihydroxy-8,11,13-

Taxoguinone abietatrien-20-al 8 (68 mg)

5 (8 mg)

Figure 1 Isolation of the Sphacele chamaedryoides leaf constituents

Fractions B-1 to B-3 were separated with HSCCC equipment.
The solvent mixtures: PE-EtOH-Et,O-H,O (5 :4:0.5:
1, v/viv/v), PE-EtOAc-MeOH-H,O (4 :1:4: 1, v/v/v/v)
were used as the two-phase solvent system for HSCCC
separation, which were selected by a previous experiment
with the fractions in a series of solvent systems using TLC
analysis and distribution of the fractions between a two-phase

solvent system. Each mixture was thoroughly equilibrated
overnight in a separation funnel at room temperature.
Then, the upper phase and the lower phase were separated and
degassed by sonication for 15 min before use. The lower
phase (aqueous phase) was used as the mobile phase while
the organic phase (upper phase) was employed as stationary
phase.
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For the separation, first, the coiled column was filled with
the upper phase (stationary phase) of the solvent system.
Then, the HSCCC apparatus was rotated at 800 rev/min and
at the same time, the lower phase (mobile phase) was
pumped through the column in a tail to head (T to H)
direction at a flow rate of 2.0, 2.0 and 2.5 ml/min and a
pressure of 50 PSI for the subfractions 1, 2 and 3,
respectively. After hydrodynamic equilibrium was reached
(about an hour in all cases), the sample solution (subfractions
were dissolved in 5 ml of upper phase and 5 ml lower phase)
was injected through the injection valve. Fractions of 5 ml
were collected and combined based on the TLC patterns on
silica gel (PE-EtOAc 8 : 2, v/v). From the fraction B-1, 162
fractions of 5 ml were collected. From fractions 58-89,
40 mg of 6,7-dehydroroyleanone (1) and from fractions 101—
110, 10 mg royleanone (2) were obtained. Fraction B-2
afforded 198 fractions of 5 ml each. After TLC comparison,
fractions 18-25 yielded 20 mg 7,20-epoxyroyleanone (3) and
fractions 83-97 afforded 18 mg ferruginol (4). From fraction
B-3, some 180 fractions of 5 ml each were collected.
Fractions 38-50 gave 14 mg horminone (6), fractions
56-59 contained 8 mg taxoquinone (5) and fractions 66—79
afforded 20 mg spathulenol (11). The isolation procedure is
summarized in Figure 1.

HCI/EtOH-induced ulcer model in mice

Male Swiss albino mice, 30 + 3 g were used. Mice were fed
on certified Champion diet with free access to water under
standard conditions of 12-h dark—light period, 50% relative
humidity and 22°C room temperature. Mice were randomly
distributed into groups of 8—10 mice each and fasted for 24 h
with free access to water before the experiment. For carnosol,
three different doses were used: 20, 10 and 5 mg/kg. For
comparison purposes, the isolated compounds were assessed
at a dose of 5 mg/kg. Fifty minutes after treatment, all groups
received, orally, 0.2 ml of a solution containing 0.3 m HCl-
60% EtOH (HCI/EtOH) for gastric lesion induction. The
antisecretory drug lansoprazole was used as the reference
compound. The mice were sacrificed by cervical dislocation
1 h after the administration of HCI/EtOH, and the stomachs
were excised and inflated by injection of saline (1 ml). The
ulcerated stomachs were fixed in 5% formalin for 30 min and
opened along the greater curvature. The length (mm) of each
lesion was measured, and the lesion index was expressed as
the sum of the length of all lesions.""*! The protocols were
approved by the Universidad de Talca Institutional Animal
Care and Use Committee, which follows the recommenda-
tions of the Canadian Council on Animal Care."*"!

Cytotoxicity assay

Culture of both cell lines was carried out according to Areche
et al.'"¥ Confluent cultures of human normal lung fibroblasts
MRC-5 (ATCC CCL-171) or human gastric adenocarcinoma
AGS cells (ATCC CRL-1739) were treated with medium
containing the compounds at concentrations ranging from
0 up to 1000 pum. The substances were firstly dissolved in
dimethyl sulfoxide (DMSO) and then in medium. The final
concentration of DMSO in the test medium and controls was
1%. Cells were exposed for 24 h to test medium with or
without (control) the compound. Each concentration was
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tested in quadruplicate together with the control and repeated
three times in separate experiments. Cell viability was
determined at the end of the incubation by means of the
neutral red uptake (NRU) assay.”’! The results were
transformed to percentage of controls and the IC50 values
were graphically obtained from the dose—response curves.

Lipophilicity
The lipophilicity of the compounds was calculated using

Chem Office 2002 version 8.0 software. The parameter is
presented as log P.

Statistical analysis

Results were expressed as the mean + SD. In all experi-
ments, statistical differences between several treatments and
their respective control were determined by one-way analysis
of variance and when the F value was significant, post-hoc
differences were determined by Dunnett’s multiple compar-
ison test. The level of significance was set at P < 0.01. All
statistical analyses were performed using the software
Statistica 5.1 (StatSoft, Inc.) and Statistical Package S-Plus
2000.

Results

From the aerial parts of Sphacele chamaedryoides, 10
abietane diterpenes, the sequiterpene spathulenol and two
flavonoids were isolated and characterized by spectroscopic
means. The isolation of the plant constituents is summarized
in Figure 1 and the structure of compounds 1-10, 12 and 13
is shown in Figure 2. While the diterpenes 1-7 and 10 were
previously described from other plant sources, this is the first
report on the occurrence of compounds 8 and 9 in nature.

The 'H NMR spectrum of compound 8 showed
characteristic signals for the isopropyl side chain (methyl d
at 6 1.31 and 1.32 and m at 6 3.53 ppm), two methyl singlets
at 6 1.05 and 0.95 and an aldehyde proton at 10.01 ppm,
indicating that the C-20 methyl group was oxidized to an
aldehyde function. The three coupling signals at 6 2.18, 2.76
and 2.95 ppm pointed to a carbonyl function at C-7 and this
assumption was supported by the '>C NMR as well as by the
IR spectrum. The spectroscopic data of the product were very
similar to those reported for the 12-methyl ether derivative
isolated from Salvia coulteri roots.”® The compound
obtained from S. chamaedryoides differed only in the
absence of the 12-methyl ether and it is reported for the
first time.

The structure of compound 9 follows from the molecular
formula C,oH,605 that indicates eight degrees of unsatura-
tion, consistent with a phenolic abietane bearing two
carbonyl functions. The 'H NMR spectrum of 9 presents
the isopropyl side chain, two sp3 methyl groups and an
aldehyde function, in addition to an aromatic proton signal at
6 6.96. Instead of the three coupling signals for H-5 and H-6
observed in compound 8, this product showed two singlets at
6 2.92 and 4.82, compatible with a 6-oxo-7-hydroxy function.
The compound is related to 6-oxo-7-hydroxycarnosic acid
but differs in the presence of an aldehyde function at C-20
instead of the carboxylic acid. The stereochemistry at C-7
was deduced by comparison with the NMR data of the a- and
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Compound 1
6,7-Dehydroroyleanone

Compound 2 R=H Royleanone
Compound 5 R=§ OH Taxoquinone
Compound 6 R= & OH Horminone

Compound 3
7,20-Epoxyroyleanone

OCH,

H,Co I 0. O
OH O

oY g
OH O 12

Compound 7 R=0 Carnosol Compound 8

Compound 10 R=H, Deoxocarnosol
20-al

7-Ox0-11,12,14-trihydroxy-8,11,13-abietatrien-

Compound 9
6-Ox0-7¢,11,12-trihydroxy-8,11,13-
abietatrien-20-al

12: Pinocembrin
13: 5-Hydroxy-4',7-dimethoxy
flavone

Figure 2 Structure of the main diterpenes from Sphacele chamaedryoides

(-derivatives of 6-0xo-7-hydroxycarnosic acid reported from
the flowers of Salvia canariensis.*> In this latter report, the
H signal for H-7 resonates at 6 5.06 for the - and at 6 4.89
for the 7-« derivative. Thus, the compound was identified as
6-ox0-7c,11,12-trihydroxy-8,11,13-abietatrien-20-al and is
described for the first time in this report.

The spectroscopic data of diterpenes 1-7 and 10 are in
agreement with those previously reported in the litera-
ture.!?1423393% The NMR data of the compounds 11-13
are in concordance with those reported by Ulubelen ef al.l”!
and Agrawal.mj

Compound 1. 6,7-Dehydroroyleanone. Orange powder,
mp 150-153°C. HRMS: calculated for C,oH,603: 314.1884,
found: 314.1882. EIMS: m/z (rel. int. %): 314 (100), 299
(28), 271 (18), 245 (60), 232 (78), 213 (20), 119 (16), 83
(28), 69 (37). IR vpax: 3363, 2959, 2926, 2868, 1658, 1642,
1628, 1550, 1376, 1254, 1164, 913, 714 cm™". [a]} : 60
(CHCl3; ¢ = 0.02).

Compound 2. Royleanone. Tan amorphous powder.
HRMS: calculated for C,oH,303: 316.2025, found:
316.2038. EIMS: m/z (rel. int. %): 316 (100), 301 (20),
249 (25), 231 (20), 219 (21), 205 (20), 161 (23), 149 (12),
119 (13), 91 (10), 83 (11), 69 (40). IR vpax: 3360, 2958,
2927,2869, 1641, 1631, 1603, 1461, 1377, 1360, 1252, 1162,
1102, 1029, 959, 902 cm™". [a]7: +140 (CHCls; ¢ = 0.01).

Compound 3. 7,20-Epoxyroyleanone. Tan amorphous
powder. HRMS: calculated for CooH,604: 330.1831, found:
330.1841. EIMS: m/z (rel. int. %): 330 (13), 305 (5), 300
(100), 285 (11), 257 (11), 231 (35), 217 (11), 199 (6), 169

(6), 119 (10), 91 (6), 83 (11), 69 (27). IR \nax: 3373, 2927,
1652, 1634, 1604, 1459, 1396, 1282, 1155, 1124 cm ™. [a]3:
—51 (CHCl5; ¢ = 0.01).

Compound 4. 12-Hydroxyabieta-8(14),9(11),12-triene
(ferruginol). Colourless powder, mp 50-53°C. EIMS: m/z
(rel. int. %): 286 (66), 271 (83), 243 (6), 229 (22), 215 (21),
201 (58), 189 (100), 175 (91), 149 (42), 147 (35), 133 (24),
115 (24), 91 (18), 69 (96). IR vy.x: 3264, 2962, 1620, 1582,
1511, 1461, 861 cm™. [a]3 : +38 (CHCl3; ¢ = 0.5).

Compound 5. Taxoquinone. Orange powder, mp 200—
202°C. HRMS: calculated for C,oH,504: 332.1988, found:
332.1972. EIMS: m/z (rel. int. %): 332 (100), 314 (32), 299
(25), 281 (9), 261 (25), 247 (19), 219 (21), 195 (92), 118
(27), 109 (12), 91 (13), 69 (59). IR vpax: 3350, 3362, 2929,
1651, 1626, 1602, 1459, 1394, 1253, 1155, 1061 cm™". [a]3:
+210 (CHCl3; ¢ = 0.01).

Compound 6. Horminone. Orange powder, mp 170-
172°C. HRMS: calculated for C,oH,30,4: 332.1988, found:
332.2003. EIMS: m/z (rel. int. %): 332 (100), 314 (67), 299
41), 271 (11), 261 (27), 245 (19), 210 (18), 195 (70), 123
(28), 109 (7), 91 (9), 69 (10). IR v, 3600, 3361, 2957,
2929, 2868, 1649, 1626, 1600, 1455, 1375, 1250, 1154,
1060 cm ™. [a]®: =136 (CHCl;; ¢ = 0.014).

Compound 7. Carnosol. Light green powder, mp 240-
242°C. HRMS: calculated for C,gH»¢O4: 330.1831, found:
330.1841. IR v,a: 3493, 3287, 2965, 2871, 1711, 1580, 1452,
1348, 1322, 1200, 918 cm™". [a]3: =61 (CH30H; ¢ = 0.33).

Compound 8. 7-Oxo0-11,12,14-trihydroxy-8,11,13-abieta-
trien-20-al. Yellow solid, mp 172-175°C. HRMS: calculated
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for CoH»605: 346.1780, found: 346.1782. MS (EI): m/z (rel.
int. %): 346 (55), 317 (100), 275 (19), 249 (44), 247 (48),
235 (37), 221 (19). IR vy 3410, 2964, 2932, 1688, 1621,
1425, 1290 cm™. [a]®: +180 (CHCl5; ¢ = 0.015). 'H NMR
(400 MHz, CDCl;, é-values, J in Hz): 3.31 brd (13.9) (H-
18); 2.18 dd (15.2; 2.7) (H-5«); 2.76 dd (16.6; 2.7) (H-6);
2.95dd (16.6; 15.2) (H-60); 3.53 dq (7.1, 7.1) (H-15); 1.31d
(7.1) (H-16); 1.32 d (7.1) (H-17); 1.05 s (H-18); 0.95 s
(H-19); 10.01 s (H-20); 6.82 s (12-OH); 13.41 s (14-OH). '*C
NMR (100 MHz, CDCls, é-values, J in Hz): 30.16 t (C-1);
19.51 t (C-2); 40.93 t (C-3); 33.98 s (C-4); 49.35 d (C-5);
34.02 t (C-6); 201.16 s (C-7); 108.59 s (C-8); 119.16 s (C-9);
54.46 s (C-10); 136.31 s (C-11); 153.71 s (C-12); 121.84 s
(C-13); 160.36 s (C-14); 24.28 d (C-15); 19.82 q (C-16);
19.92 q (C-17); 31.24 q (C-18); 21.20 q (C-19); 200.51
d (C-20).

Compound 9. 6-Oxo0-7a,11,12-trihydroxy-8,11,13-abieta-
trien-20-al. Yellow solid, mp 175-178°C. HRMS: calculated
for CyoH,605: 346.1789, found: 346.1778. MS (EI): m/z (rel.
int. %): 346 (12), 317 (39), 300 (100), 285 (16), 257 (31),
230 (38). IR vyax: 3532, 3386, 2959, 2929, 2858, 1709, 1660,
1634, 1619, 1368, 1256, 1218, 1054 cm™". [alp : + 53
(CHCl3; ¢ = 0.01). '"H NMR (400 MHz, CDCl;, é-values,
J in Hz): 1.85-2.02 m (H-1); 3.00 dt (13.5, 2.9) (H-15);
1.35 m; 1.41 m (H-2); 1.35 m; 1.41 m (H-3); 2.92 br s
(H-5); 4.82 br s (H-7a); 6.96 s (H-14); 3.17 dq (6.9, 6.9)
(H-15); 1.22 d (6.9) (H-16); 1.21 d (6.9) (H-17); 1.02 s
(H-18); 0.77 s (H-19); 10.11 s (H-20).

Compound 10. 20-Deoxocarnosol. Yellow solid, mp 180—
183°C. HRMS: calculated for C,oH,303: 316.2038, found:
316.2037. MS (ED): m/z (rel. int. %): 316 (52), 286 (100),
271 (16), 219 (26), 215 (32). IR vpax: 3398, 2960, 2932,
1445, 1294 cm™. [a]z’: 10 (CHCls; ¢ = 0.01).

Compound 11. Spathulenol. Light yellow oil. HRMS:
calculated for C;sH,40: 220.3505, found: 220.3505. IR v;ax:
3602, 3359, 2956, 1648, 1251 cm™". [a]p : +60 (CHCls;
c =0.01).

Compound 12. (S)-5,7-dihydroxyflavanone (pinocem-
brin). Yellow-green powder, mp 195-198°C. 'H RMN
(400 MHz; CDClj3 values of 6 H and ¢ C in ppm, J in Hz):
12.04 s (OH-5), 7.42 brm (5H, 2/-6"); 6.01 brs (2H-6,8); 5.80
brs (OH-7); 5.43 dd (13.0; 2.9) (1H-2); 3.10 dd (17.1; 13.0)
(1H-3); 2.84 dd (17.1; 2.9) (1H-3). [a]®: =31.3 (c = 0,016,
MeOH).

Compound 13. 5-Hydroxy-4',7-dimethoxyflavone. Yel-
low powder, mp 167-170°C. 'H RMN (400 MHz; CDCly
values of 6 H and 6 C in ppm, J in Hz): 12.81 s (OH-5),
7.85 d (8.8) (2H-2',6"); 7.02 d (8.8) (2H-3'5"); 6.58 s
(1H-3); 6.49 d (2.1) (1H-6); 6.37 d (2.1) (1H-8); 3.90 s
(3H); 3.89 s (3H).

The effect of the isolated compounds was assessed by oral
administration using the HCI/EtOH-induced gastric lesion
model in mice. When carnosol was administered at 5, 10 and
20 mg/kg, the reduction of gastric lesions at 5 mg/kg was
49.3% with a protective activity of 63.0 and 69.9% at 10 and
20 mg/kg, respectively. Under the same experimental con-
ditions, the reference compound lansoprazole at 20 mg/kg
reduced gastric lesions by 64.5%. The effect was statistically
similar to carnosol at the doses of 10 and 20 mg/kg. In our
study, using the HCI/EtOH induced gastric ulcer model in
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mice, the ED50 was close to 5 mg/kg. A comparison of
the gastroprotective activity of the eight compounds obtained
in amounts > 3 mg was undertaken at 5 mg/kg. The results
are presented in Table 1. Of the group of compounds 1-3,
5 and 6, presenting a p-quinone moiety, the best gastro-
protective effect was elicited by royleanone (2) (71.0%),
lacking functionality at C-7. The activity of 6,7-dehydro-
royleanone (1), 7,20-epoxyroyleanone (3) and horminone
(6) was similar, preventing gastric lesions in the range of
52.7-65.0%. Of the C-7 hydroxy derivatives, the activity was
much lower for the 7(-OH isomer (5). At 5 mg/kg the
phenolic diterpenes 7 and 8 inhibited gastric lesions by 49.3
and 53.0%, respectively, being more active than lansopra-
zole. The most active plant constituents identified in this
work were royleanone (2) and its 7,20-epoxide (3), which
reduced gastric lesions by 70.8 and 65.0%, respectively
(Table 1).

The compounds isolated from S. chamaedryoides were
assessed for cytotoxicity against human normal lung
fibroblasts (MRC-5) and gastric adenocarcinoma (AGS)
cells. The results are presented in Table 2. Among the studied
compounds, the flavonoids 13 (IC50 = 503 and 720 um) and
12 (IC50 =215 and 369 um) as well as carnosol (7)
(IC50 = 186 and 309 pum) were the least toxic products
against AGS cells and fibroblasts, respectively. Compounds
1 (IC50 = 61 and 366 um) and 5 (IC50 = 310 and 27 um)
showed low and selective effect against AGS cells and
fibroblasts, respectively. However, compounds 2, 3, 6, 8 and
spathulenol proved to be quite cytotoxic with IC50 values
in the range of 11-67 pum. According to our results, most
of the S. chamaedryoides diterpenes were more cytotoxic
than carnosol and lansoprazole. The reference compound
presented an IC50 value of 306 pm for fibroblasts and
162 pm for AGS cells, respectively.

Table 1 Dose-response effect of the diterpene carnosol (7) and
gastroprotective activity of compounds 1-3, 5, 6 and 8 in HCI/EtOH-
induced gastric ulcers in mice

Treatment n Lesion index Gastroprotective
(mm) effect (%)
Carnosol 20 mg/kg 9 105+1.7 69.9
Carnosol 10 mg/kg 9 129+13" 63.0
Carnosol 5 mg/kg 9 17.7+14 493
6,7-Dehydroroyleanone (1) 9 15917 54.4
Royleanone (2) 8 102+1.0° 70.8
7,20-Epoxyroyleanone (3) 9 12213 65.0
Taxoquinone (5) 9 224+19% 35.8
Horminone (6) 9 165+1.8 52.7
7-Oxo0-11,12,14-trihydroxy-8,11, 9 164 * 1.3 53.0
13-abietatrien-20-al (8)
Lansoprazole 9 124+1.1" 64.5
Control 8 349+1.38 n/a

Compounds 1-3, 5, 6 and 8 were administered at a dose of 5 mg/kg and
lansoprazole at 20 mg/kg. n, animal number; n/a, not applicable. Results
are presented as mean values + SEM. P < 0.01 compared with control
group and "P > 0.05 compared with lansoprazole (analysis of variance
followed by Dunnett’s test).
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Table 2 Lipophilicity and cytotoxicity of compounds 1-3, 5-8, 12, 13
and spathulenol towards AGS cells and human lung fibroblasts

Compound Lipophilicity Cytotoxicity IC50 ()
(log P)
AGS Fibroblasts
6,7-Dehydroroyleanone (1) 2.51 61+3 366 + 26
Royleanone (2) 2.83 59+4 18+ 1
7,20-Epoxyroyleanone (3) 1.31 57+5 67 +4
Taxoquinone (5) 1.74 310 + 21 27+ 1
Horminone (6) 1.74 12+1 11+1
Carnosol (7) 4.58 186 + 13 309 + 19
7-Ox0-11,12,14-trihydroxy-8, 3.13 43 +£2 45+ 3
11,13-abietatrien-20-al (8)
Spathulenol (11) 3.01 23+£2 32+3
Pinocembrin (12) 2.02 215+ 13 369 + 26
5-Hydroxy-4',7- 2.43 503 £25 720 +43
dimethoxyflavone (13)
Lansoprazole n.d. 162 + 10 306 + 21
Etoposide n.d. 0.36 £ 0.01 3.9+0.1

Confluent cultures of human normal lung fibroblasts MRC-5 or human
gastric adenocarcinoma AGS cells were treated with medium containing
the compounds at concentrations ranging from O up to 1000 zm. n.d., not
determined. Data are expressed as the mean of three different
experiments in quadruplicate + SD.

Discussion

Carnosol was the main diterpene constituent isolated from
the aerial parts of S. chamaedryoides. The abietane
diterpenes present in the plant are structurally related to the
main product. Wenkert er al®” suggested the cascade
oxidation of carnosic acid to ortho-benzoquinones, semiqui-
nones and carnosol. Masuda et al.'*®! reported the oxidation
of carnosic acid to two o- and p-quinone derivatives. The
closely related 20-deoxocarnosol (10) was also present in the
plant as well as the abietane derivatives 7-oxo-11,12,14-
trihydroxy-8,11,13-abietatrien-20-al (8) and 6-oxo-7c,11,12-
trihydroxy-8,11,13-abietatrien-20-al (9), both described for
the first time. The quinone diterpenes isolated comprise 6,7-
dehydroroyleanone (1), royleanone (2), 7,20-epoxyroylea-
none (3), taxoquinone (5) and horminone (6). Ferruginol (4)
was also present in the diterpene fraction of the plant. The
sesquiterpene spathulenol (11) and the known flavonoids
pinocembrin (12) and 5-hydroxy-4’,7-dimethoxyflavone (13)
were also isolated from the plant. Both flavonoids are
widespread in the Lamiaceae."”!

The single oral dose of 5 mg/kg at which compounds 1-8
were assessed should be regarded as a very low dose
compared with other studies on the gastroprotective effect of
natural products and semisynthetic derivatives. Only the
diterpene polygodial presented higher activity in the animal
models of gastric lesions in rodents.!!340~4]

Several biological actions have been reported for the

diterpene carnosol, including anti-inﬂammatory,[46] anti-
tumour,!!”] antiproliferative,[47] antioxidant,*®! antimicro-
[50]

bial*! and antiplatelet activity,” ' and it is reported to be
an activator of the peroxisome proliferator-activated gamma
receptor’®! and have a hepatoprotective effect.”*! Miyazaki

Carlos Areche et al. 1695

et al."* reported the gastroprotective effect of carnosol, with

an ED50 of 9.6 mg/kg in the gastric lesion model of absolute
ethanol in rats. A recent report on the gastroprotective effect
of the hydroalcoholic extract of sage (Salvia officinalis L.)
pointed to carnosol as a possible active constituent of the
plant. The authors suggested that the gastroprotective effect
of the sage extract could be related to the antioxidant activity
displayed by both the extract and carnosol.”* The quinone-
type diterpenes did not present antioxidant activity because
they are considered to be termination oxidative products
from phenolic diterpenoids on the basis of their stability
against radicals. This fact suggests a mechanism other than
the antioxidant effect for the gastroprotective effect of the
obtained quinone compounds.“gl

These results relate well with those reported for p-
quinonic diterpenes of the royleanone type, which proved to
be highly cytotoxic against the nasopharynx carcinoma KB
and P-388 leukaemia lines in previous reports.”'>> Inter-
estingly, compounds 1 and carnosol (7) were more cytotoxic
against gastric tumour cells AGS than normal fibroblasts.
However, the variation seen may be due to the different
tissue types rather than because one cell line is from a tumour
while the other is normal. No clear relationship between
cytotoxicity and lipophilicity could be observed.

The diterpenes royleanone, horminone and acetyl hormi-
none isolated from Salvia officinalis were assessed for
cytotoxic effect and DNA damage in human liver and colon
cancer cells in vitro.®® Horminone has been reported to
inhibit protein synthesis in bacteria,°" as well as to be
hepatotoxic in rats.”®® The antiproliferative activity of
abietane diterpenes isolated from Plectranthus grandidenta-
tus (Lamiaceae) has been described.’®! The abietanes from
P. grandidentatus, including royleanone derivatives, pre-
sented different effects in the selected cancer cell lines.!®"!

Conclusions

Our results confirm the trend in the diterpene chemistry of
the genus Sphacele, since the main abietanes isolated from
the aerial parts of S. salviae were carnosol, rosmanol,
carnosic acid and 20-deoxocarnosol. In our study, mainly
carnosol and p-quinone derivatives were isolated but not
carnosic acid, suggesting that the isolated products can be
derived from the metabolism of carnosic acid. Two
diterpenes (8 and 9) are described for the first time. All
the abietanes obtained from S. chamaedryoides present
either one or two phenolic OH groups, a quinone system, or
both. Several compounds present in the plant showed
higher gastroprotective effect than lansoprazole. The
cytotoxic effect of most compounds was found at fairly
high concentrations and lacked cell specificity. Further
studies are required using different tumour cell lines and
viability/proliferation assays to assess the specificity of the
isolated compounds. Additional work should be undertaken
to look for other constituents present in different popula-
tions of S. chamaedryoides growing under different
environmental/stress conditions and in different phenolo-
gical stages.
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