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Abstract Manool, a diterpene isolated from Salvia

officinalis, was evaluated by the XTT colorimetric

assay for cytotoxicity and selectivity against different

cancer cell lines: B16F10 (murine melanoma), MCF-7

(human breast adenocarcinoma), HeLa (human cervi-

cal adenocarcinoma), HepG2 (human hepatocellular

carcinoma), and MO59J, U343 and U251 (human

glioblastoma). A normal cell line (V79, Chinese

hamster lung fibroblasts) was used to compare the

selectivity of the test substance. Manool exhibited

higher cytotoxic activity against HeLa (IC50 = 6.7 ±

1.1 lg/mL) and U343 (IC50 = 6.7 ± 1.2 lg/mL)

cells. In addition, in the used experimental protocols,

the treatment with manool was significantly more

cytotoxic for different tumor cell lines than for the

normal cell line V79 (IC50 = 49.3 ± 3.3 lg/mL), and

showed high selectivity. These results suggest that

manool may be used to treat cancer without affecting

normal cells.
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Introduction

The success of cancer chemotherapy depends on the

development of drugs that selectively destroy tumor

cells, or at least limit their proliferation without

causing severe side effects (Nussbaumer et al. 2011).

The main difficulty in preventing cancer progression is

the increased resistance, low specificity and high

toxicity of commercially available drugs (Riedl et al.

2011). Plants, especially their secondary metabolites,

have long been used for the treatment of cancer and

several effective anticancer drugs exerting direct or

indirect effects have been discovered (Gragg et al.

2009).

Salvia officinalis L., a medicinal plant of the family

Lamiaceae popularly known as salvia or sage, is an

aromatic herb which is widely distributed in the world

(Badiee et al. 2012). The chemical composition of sage

is very complex and the diterpene manool (Fig. 1) is

one of the most abundant components found in its

essential oils and extracts (Farhat et al. 2009). Among

other biological properties, manool has shown activity

against Staphylococcus aureus (Ulubelen et al. 1994)

and exhibited promising minimal inhibitory concen-

tration (MIC) values against several bacteria associ-

ated with periodontitis (Souza et al. 2011).

In view of the biological relevance and easy

availability of manool, the present study investigated

its cytotoxic activity against seven different cancer

cell lines. In order to better understand the cytotoxic

activity of manool, a normal cell line (V79, Chinese
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hamster lung fibroblasts) was used to compare its

selectivity. The choice of V79 cells for comparison is

due the fact it is a well characterized cell line and

commonly used in cytotoxicity studies (Bradley et al.

1981; Munari et al. 2014).

Materials and methods

Isolation of the diterpene manool

For the isolation of manool, dried leaves of certified

Salvia officinalis (1.0 kg) were purchased from Nutri

Comércio de Ervas Ltda. (São Paulo, Brazil). The

identification was carried out by Prof. Milton Groppo

and a voucher specimen (SPFR 15178) was deposited

in the herbarium of the Departamento de Biologia,

Universidade de São Paulo, Ribeirão Preto, SP, Brazil.

The plant material was then pulverized, and exhaus-

tively extracted with dichloromethane (5 L), yielding

45.5 g of the crude extract. The extract was resus-

pended in 300 mL methanol/water (9:1) and filtered.

The soluble fraction was partitioned with n-hexane

(300 mL, three times), yielding 10.6 g of a hexane-

soluble fraction after solvent evaporation under

reduced pressure. This fraction was submitted to

vacuum chromatography over silicagel 60H (500 g;

Merck; art. 7736; Darmstadt, Germany) (Pelletier

et al. 1986) using n-hexane and increasing amounts of

ethyl acetate as eluents (1500 mL each fraction). The

second fraction (n-hexane/ethyl acetate 8:2; 2.89 g)

was then partitioned by column chromatography over

silicagel 60 (100 g; Merck; art. 7734) using n-hexane/

ethyl acetate 9:1) as eluent. Fifty fractions were

collected and combined after TLC analysis (Silicagel;

Whatman; art. 4420222; St. Louis, MO, USA) and also

using n-hexane/ethyl acetate 9:1 as mobile phase. The

second combined fraction (200 mg) was identified as

the diterpene manool.

The identification of manool was performed by 1H-

and 13C-NMR analysis using Bruker DPX 400 spec-

trometer (400 MHz for 1H and 100 MHz for 13C). The

sample was dissolved in CDCl3, and the spectra were

calibrated with the solvent signals at d 7.26 (1H) and d

77.0 (13C). The experimental values were then com-

pared with literature data (Bastard et al. 1984;

Ulubelen et al. 1997) in order to confirm the structural

identification.

Cell lines and culture conditions

Different cell lines were used in evaluating the

cytotoxic activity: non-tumor cell line, V79 (Chinese

hamster lung fibroblasts), courtesy of Laboratório de

Mutagênese da Universidade Estadual de Londrina

(Paraná, Brazil); and seven tumor cell lines, B16F10

(murine melanoma), courtesy of Departamento de

Bioquı́mica da Faculdade de Medicina da Universi-

dade de São Paulo (Campus de Ribeirão Preto, São

Paulo, Brazil); MCF-7 (human breast adenocarci-

noma) and HepG2 (hepatocellular carcinoma), cour-

tesy of Laboratório de Mutagênese do Departamento

de Ciências Biológicas da Universidade Estadual

Paulista (Campus de Araraquara, São Paulo, Brazil);

HeLa (human cervical adenocarcinoma) and MO59 J

(human glioblastoma), purchased from the Cell Bank

of Universidade Federal do Rio de Janeiro (Brazil);

U343 and U251 (human glioblastoma), courtesy of

Laboratório de Oncologia Pediátrica do Hospital das

Clı́nicas de Ribeirão Preto (Universidade de São

Paulo, Brazil).

Cells from the 4th through to the 12th passage were

used. The different cell lines were maintained as

monolayers in plastic culture flasks (25 cm2) contain-

ing HAM-F10 plus DMEM (1:1; Sigma-Aldrich; St.

Louis,MO, USA) or onlyDMEMdepending on the cell

line, supplemented with 10 % fetal bovine serum

(Nutricell; Campinas, São Paulo, Brazil) and

2.38 mg/mL Hepes (Sigma-Aldrich) at 37 �C in a

humidified 5 %CO2 atmosphere. Antibiotics (0.01 mg/

mL streptomycin and 0.005 mg/mL penicillin; Sigma-

Aldrich) were added to the medium to prevent bacterial

growth.

OH

Fig. 1 Chemical structure of the diterpene manool
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Cytotoxicity testing

Manool was directly diluted in DMSO (final concen-

tration of 0.1 %) and the medium to obtain concentra-

tions of 0.49–1000 lg/mL. The final concentration of

DMSO was less than 1 % and had no negative effects

on the cell lines. Doxorubicin (DXR, Zodiac; São

Paulo, Brazil), (S)-(?)-camptothecin (CPT, Sigma-

Aldrich) and etoposide (VP16, Sigma-Aldrich) were

used as positive controls. For the experiments, 104 cells

were plated onto 96-well microplates. Each well

received 100 lL HAM-F10/DMEM or DMEM med-

ium containing the different concentrations of manool

and the cells were cultured in a 5 %CO2 atmosphere for

24 h at 37 �C. After incubation with manool and the

chemotherapeutic drugs (DXR, CPT and VP16), the

culture medium was removed and the cells were

washed with 100 lL phosphate-buffered saline and

exposed to 100 lL HAM-F10 culture medium without

phenol red. Next, 25 lL XTT (Roche Diagnostics;

Mannheim, Germany) was added to each well and the

microplates were incubated for 17 h at 37 �C. Absor-
bance of the samples was read in a microplate reader

(ELISA, Asys UVM 340/Microwin 2000) at a wave-

length of 450 nm and a reference length of 620 nm.

Calculation of the selectivity index

The selectivity index was calculated by dividing the

IC50 value of manool on V79 cells by the IC50 value

determined for cancer cells.

Statistical analysis

Cytotoxicity was assessed using the IC50 response

parameter (50 % cell growth inhibition) calculated

with the GraphPad Prism program, plotting cell

survival against the respective concentrations of

manool. One-way ANOVA was used for the compar-

ison of means (P\ 0.05).

Results

Table 1 shows the IC50 values and the selectivity

index for the cell lines treated with manool and the

positive controls DXR, CPT and VP16. The IC50

values for tumor cell lines treated with manool ranged

from 6.7 ± 1.1 to 49.3 ± 3.3 lg/mL. The highest

IC50 value of manool was 28.5 ± 0.3 lg/mL, while

the lowest IC50 was 6.7 ± 1.2 lg/mL.

In general, the tumor cell lines treated with manool

displayed the lowest IC50 values. The most pro-

nounced cytotoxic effects were observed in HeLa and

U343 cells, with an IC50 value of 6.7 ± 1.1 lg/mL for

both cell lines. The IC50 values obtained for all cell

lines tested were significantly lower than that observed

for normal V79 cells (49.3 ± 3.3 lg/mL) (Table 1).

The IC50 values found for manool are lower than

those observed in the treatments with known

chemotherapeutic drugs, particularly VP16, in some

of the tumor cell lines tested. Doxorubicin, CPT and

VP16 are currently used for routine cancer treatment.

It was therefore interesting to compare the effects of

these drugs with manool. The selective index (SI)

found for the manool for some cell lines tested were

greater than those observed for the positive controls.

The highest selectivity indices were observed for the

HeLa and U343 cell lines (7.4) (Table 1).

Discussion

Manool exerted cytotoxic effects on all cell lines

tested and was significantly more cytotoxic against the

cancer cell lines than normal cells, as well as the

positive controls tested, exhibiting high selectivity

indices. According to the American National Center

Institute, substances presenting IC50 values\30 lg/
mL in tumor cell lines are considered promising

candidates for anticancer drug development (Suffness

and Pezzuto 1990) and manool may therefore be a

promising anticancer drug.

In a study conducted by Pratsinis et al. (2010)

investigating diterpenes and flavonoids isolated from

Greek propolis, including manool, the latter was active

against a human colorectal adenocarcinoma (HT29)

(IC50 = 6.5 ± 0.3 lg/mL)andfibrosarcoma (HT1080)

(IC50 = 19.3 ± 2.2 lg/mL) cell line in the MTT

assay. These data demonstrate the selectivity manool

since the IC50 values for the normal human skin

fibroblasts (AG01523c; DSF9 and DSF60) was

[29 lg/mL. These data agree with the present findings

showing that manool was cytotoxic against tumor cells

at low concentrations, but did not directly affect normal

cells at the same concentrations.

The literature showed manool as an important

cytotoxic agent. In a cell cycle analysis following
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incubation of exponentially growing HT-29 cells with

manool at a concentration of 50 lM (14.5 lg/mL) for

24–48 h, Pratsinis et al. (2010) suggested that manool

exerts its cytostatic activity after the first 24 h and

reduces the percentage of malignant cells in the S

phase. Furthermore, manool can block cells in the G2/

M phase of the cell cycle, increasing the percentage of

cells at G2/M by approximately 2.5 fold compared to

control (Pratsinis et al. 2010).

Manool is a hydroxylated labdane-type diterpene

and one of the major compounds found in sage

essential oil (Farhat et al. 2009). Labdane-type diter-

penoids have been suggested to possess the potential

for anticancer drug development. Two labdane-type

diterpenoids, yunnancoronarin A and B, showed

interesting IC50 values (0.27 and 0.69 lg/mL) against

lung adenocarcinoma (A549) and leukemia (K562)

cell lines, respectively. Kumrit et al. (2010) evaluated

the cytotoxic activity of villosin and ellipticine,

labdane-type diterpenoids, against human small cell

lung cancer (NCI-H187) and non-cancerous (Vero

cells) cell lines. The results showed that villosin

exhibited potent cytotoxic activity (IC50 of 0.12 lg/
mL) against NCI-H187, while the IC50 for ellipticine

was 0.44 lg/mL. Moreover, ellipticine was very toxic

to Vero cells (IC50 of 1.81 lg/mL), whereas toxicity of

villosin was undetectable at a concentration lower than

49.93 lg/mL.

In conclusion, the treatment with manool was

significantly more cytotoxic for different tumor cell

lines than for the normal cell line V79, and showed

high selectivity. Therefore, manool may be a promis-

ing anticancer drug.
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