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Abstract: Salvia species have been used as traditional medicine in many countries for a long
time for health benefits. More importantly, in recent decades, the extracts of Salvia species
have been shown to exhibit significant anticancer effects in vitro and in vivo on a wide range
of cancer types. Therefore, this review provides a systematic summary of the anticancer profile
and the underlying mechanisms of the extracts from Salvia species, which reveals the potential
of these species, especially Salvia miltiorrhiza and Salvia officinalis, to be used as natural anti-
cancer agents or auxiliary agents and bring new insights for further research and development
of the genus Salvia.
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Introduction

Cancer, a major obstacle to human health and well-being, is still one of the main “killers”
leading to death, whether in developed or developing countries. Based on the latest statis-
tics on trends in cancer incidence and mortality worldwide, the International Agency for
Research on Cancer reported in 2012 the worldwide burden of cancer rose to an estimated
14 million new cases per year, a figure expected to rise to 22 million annually within the
next 2 decades.' The social and economic burden due to cancer incidence is enormous
especially in the developing countries which have more than 60% of the world’s total
cases of cancer and account for ~70% of the world’s cancer deaths because of the lack of
early detection and access to treatments.'? Thus, cancer remains a major health problem
worldwide, and effective prevention and treatment of cancer remain imperative.’

Over the years, anticancer agents have been derived from both natural as well
as synthetic chemicals. However, synthetic drugs need to pass through a labyrinth
of regulatory stages before their recommendation could be made for public use
and pose a great risk for unexpected toxic side effects, which affect and limit their
use. In contrast, natural compounds from dietary sources perceived as nontoxic are
more appealing than those from nondietary sources. As well, humans have naturally
acquired the ability to consume them without documented side effects. Due to the
cost-effectiveness and wide human acceptance, natural agents, such as phytochemi-
cals, attract more scientific research interest.*> From around the 1940s to the early
2010s, of the small molecule anticancer drugs, more than 70% are nonsynthetic, with
almost 50% being either natural products or derived from natural products,® such as
the widely used anticancer agents taxanes, vinca alkaloids, and camptothecin class of
compounds. Research indicated that different cancers have different causes, respond
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differently to treatments, and are consequently more or less
curable. In most cases, the outcome of therapy is very dif-
ferent for different cancers, and there is a large diversity in
the spectrum of mutations in individual cancer patients.”™®
Recently, a lot of bioactive components have been shown to
modulate cell signaling pathways to mediate the anticancer
effect, such as Notch, Wnt, mitogen-activated protein kinase
(MAPK), and phosphatidylinositol 3-kinase (PI3K)/Akt
pathways.” 13 Activated PI3K phosphorylates phosphati-
dylinositol (4,5)-bisphosphate by converting to phosphati-
dylinositol (3,4,5)-triphosphate, leading to the recruitment
of Akt to the plasma membrane, where it is phosphorylated
and activated. Akt is a key kinase downstream of PI3K in the
signaling pathway.'* PI3K/Akt shows cross-talks with other
pathways that regulate cell growth or survival, such as the
MAPK pathway. Its constitutive activation is found in various
types of cancers.”> Therefore, screening and investigating the
anticancer property of phytochemicals and making clear the
mechanism of actions will benefit the finding and developing
of more potentially effective anticancer agents.

The genus Salvia (belonging to the family Lamiaceae)
consists of nearly 1,000 species and has undergone marked
species extinction in three regions of the world: Central
and South America (500 spp.), Central Asia/Mediterranean
(250 spp.), and Eastern Asia (90 spp.).' The Salvia spe-
cies, usually referred to as “sage”, are among the important
aromatic spice plants worldwide.!” The name of the genus,
Salvia, is derived from the Latin salvere, in reference to the
curative properties of the plant, which means it has a his-
torical reputation of being recognized as a medicinal herb.!®
The main phytochemical components of Salvia species
are flavonoids and terpenoids. Some of the Salvia species
have been used worldwide as traditional herbal medicine
as well as flavoring spices due to the presence of naturally
occurring phytochemicals.!® The aerial parts of these plants
usually contain flavonoids and triterpenoids as well as the
volatile compounds, such as monoterpenoids, while in the
roots, the main compounds are diterpenoids. Several abictane
diterpenes with aromatic or quinoid C-rings were isolated
from Salvia species, many of which possessed biological
activities.'® Salvia miltiorrhiza (Figure 1A) is one of the most
recognized medicinal plants and its root (“Danshen”, Figure
1B) has been widely used as traditional herbal medicine in
clinics in the People’s Republic of China, Korea, Japan, and
other Asian countries for the treatment of various micro-
circulatory disturbance-related diseases, such as cardiac-
cerebral vascular disease, liver dysfunction, and diabetic
vascular complication.?’ Tanshinones are quite well known

abietane diterpenes, first isolated from S. miltiorrhiza. Salvia
officinalis (Figure 1C), another important sage widely used
in Europe for both culinary and medicinal preparations,?'-*
is reported to have the highest amount of essential oil in
leaves compared to the other species of Salvia, which exhibits
potent antioxidant capacity, as well as anticancer, antispas-
modic, antimicrobial, anti-inflammatory, and carminative and
mucolytic activities.'®*2*2* Many other species of the genus
Salvia have also been studied for their composition and most
of the phytochemicals are with potential anticancer properties
(Table 1). In recent years, the potential use of Salvia as a new
anticancer agent has been recognized.?> Therefore, in this
article, the anticancer property of phytochemicals from Salvia
plants including their mechanism of action is reviewed.

Evidence of genus Salvia as a
potential therapeutic source for
various cancers

Breast cancer
According to the data from World Cancer Report 2014, breast
cancer has become the most common cancer affecting women
worldwide, accounting for 25.2% of the total cancer.!” The
major risk factors for breast cancer were classified into three
major categories: reproductive (hormone exposure), genetic,
and environmental.’’ Furthermore, characterizing the expres-
sion of three receptors, namely, the estrogen receptor (ER),
progesterone receptor, and the human epidermal growth
factor receptor 2 (HER2), has been an important part of
the standard assessment of breast tumors in current clinical
practice.” Since hormone replacement therapy was considered
to increase the risk of breast cancer,’*’ investigation of other
possible alternatives has gained importance.
Phytoestrogens are naturally occurring plant compounds
that are capable of eliciting estrogen-like properties through
binding to ER and other mechanisms.®® Epidemiological
evidence suggests a lower incidence of breast cancer in Asia
relative to that in Western countries and this relationship is due
to the high consumption of phytoestrogen-rich foods (soybean
and their products) in Asia. Although the relationship between
phytoestrogen intake and breast cancer risk is not yet conclusive
in epidemiology, ample evidence shows that phytoestrogen-rich
plants have a positive effect in decreasing breast tumor inci-
dence. The effect of phytoestrogen on breast cancer is reported
to mediate through multiple signaling pathways including
ataxia telangiectasia and Rad3-related, Wnt/B-catenin, PI3K/
Akt, nuclear factor-xB (NF-kB), p53, insulin like growth factor
1, MAPK, ER-mediated and BRCA-mediated.®-%°
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Figure | Salvia miltiorrhiza (A); the roots of S. miltiorrhiza (Danshen) (B); and Salvia officinalis (C).

Liposoluble compounds (such as tanshinone ITA
[1,6,6-trimethyl-8,9-dihydro-7H-naphtho[1,2-g]
[1]benzofuran-10,11-dione] and tanshinone I
[1,6-dimethylphenanthro[1,2-b]furan-10,11-dione]) rich in
S. miltiorrhiza and related species are regarded as having
phytoestrogenic effects with antiproliferation of human breast
cancer MCF-7 mediated by ER.® HER?2 is a receptor tyrosine
kinase and is involved in signal transduction pathways lead-
ing to tumor cell proliferation. Yang et al®” have found that
Danshen extract strongly inhibited the proliferation of both
MCEF-7 vector control cells and HER2-overexpressed MCF-7
cells via a blockade of cell cycle entry into the S phase,
which was mediated by the downregulation of Akt phospho-
rylation and an upregulation of p27 (a cell-cycle inhibitor).

Meanwhile, the extract has downregulated the tyrosine phos-
phorylation of HER2 in MCF-7 cells. Nevertheless, MCF-7
cells were more resistant to the Danshen-induced inhibition
of Akt phosphorylation and p27 upregulation; that is to
say, the overexpression of HER2 could confer resistance to
Danshen in MCEF-7 cells. The apoptosis of eukaryotic cells
is mainly introduced by death receptor-induced external
apoptotic pathway, mitochondria-induced inner apoptotic
pathway, Granzyme B-induced apoptosis pathway, and
endoplasmic reticulum stress-induced apoptotic pathway.®
For ER-negative human breast cancer cells BT-20, tanshi-
none IIA may be inducing ER stress and MAPK pathway
to induce apoptosis and inhibit proliferation resulting in
an increased protein expression of caspase-12, GADD153,
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Table | Phytochemicals with potential anticancer properties in Salvia genus

Phytochemical Structure Phytochemical Plant name Plant part Refs
category
Cryptotanshinone Diterpene S. bulleyana Root 29, 30
S. bowleyana Root
S. campanulata Root
S. castanea Root
o} S. cavaleriei var. simplicifolia Root
S. digitaloides Root
S. dabieshanensis Root
o S. evansiana Root
S. flava Root
o S. maximowicziana Root
S. meiliensis Root
S. miltiorrhiza Root
S. officinalis Root
S. przewalskii Root
S. pauciflora Root
S. prattii Root
S. prionitis Root
S. paramiltiorrhiza Root
S. plectranthoides Root
S. roborowskii Root
S. sinica Root
S. trijuga Root
S. umbratica Root
S. vasta Root
S. yunnanensis Root
Castanol C OH 9 Diterpene S. castanea Whole plant 31, 32
S. yunnanensis Root
’ ‘ N N\ _OH
Camphor Monoterpene S. libanotica Leaf 24,
S. officinalis Leaf 33-35
S. sclarea Leaf
o
Dihydrotanshinone o Diterpene S. bowleyana Root 29, 30
S. campanulata Root
S. castanea Root
S. cavaleriei var. simplicifolia Root
O o) S. digitaloides Root
S. dabieshanensis Root
© S. evansiana Root
S. flava Root
S. maximowicziana Root
S. meiliensis Root
S. miltiorrhiza Root
S. omeiana Root
S. officinalis Root
S. przewalskii Root
S. pauciflora Root
S. prattii Root
S. prionitis Root
S. paramiltiorrhiza Root
S. plectranthoides Root
(Continued)
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Table | (Continued)

Phytochemical

Structure

Phytochemical
category

Plant name

Plant part Refs

Danshensu

Phenolic acid

S. roborowskii
S. sinica

S. trijuga

S. umbratica
S. vasta

S. yunnanensis
S. miltiorrhiza

S. yunnanensis

S. campanulata

S. bulleyana
S. castanea
S. digitaloides
S. evansiana
S. flava

S. maximowicziana

S. pauciflora
S. omeiana

S. pauciflora
S. prattii

S. przewalskii
S. roborowskii
S. sonchifolia
S. officinalis
S. plebeia

S. bowleyana

Root

Root

Root

Root

Root

Root
Whole plant 3639
Whole plant
Whole plant
Root
Whole plant
Whole plant
Whole plant
Root
Whole plant
Whole plant
Root
Whole plant
Root
Whole plant
Whole plant
Whole plant
Leaf

Whole plant
Whole plant

S. cavaleriei var. simplicifolia Whole plant

S. dabieshanensis Whole plant

S. meiliensis Whole plant

S. prionitis Whole plant

S. paramiltiorrhiza Whole plant

S. plectranthoides Whole plant

S. yunnanensis Whole plant

S. sinica Whole plant

S. trijuga Whole plant

S. vasta Whole plant

S. deserta Whole plant

S. baimaensis Whole plant

S. chinensis Whole plant

S. japonica Whole plant

S. kiangsiensis Whole plant

S. scapiformis Whole plant
Demethylcryptojaponol Diterpene S. hypargeia Root 40

S. montbretii Root

(Continued)
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Table | (Continued)
Phytochemical Structure Phytochemical Plant name Plant part Refs
category
Danshenol A Diterpene S. yunnanensis Root 32
Dihydroneotanshinlactone o Alkaloid S. digitaloides Root 32, 41
S. yunnanensis Root
(@)
o
Deacetylnemorone Diterpene S. leriifolia Whole plant 42
Daucosterol Steroid S. sahendica Leaf 43
Ferruginol Monoterpene S. chorassanica Root 32,
S. hypargeia Root 44-47
S. miltiorrhiza Root
S. Przewalskii Root
S. yunnanensis Root
60-Hydroxysalvinolone Diterpene S. hypargeia Root 45
(Continued)
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Table | (Continued)

Phytochemical Structure Phytochemical Plant name Plant part Refs
category

6a-hydroxysugiol Diterpene S. przewalskii Root 32,47
S. yunnanensis Root

6-Hydroxysalvinolone Diterpene S. chorassanica Root 40, 42,
S. hypargeia Root 44
S. leriifolia Whole plant
S. montbretii Root

Lupine-2,3-diol Triterpenes S. leriifolia Whole plant 42

Linalyl acetate Monoterpene S. libanotica Leaf 33-35
S. sclarea Leaf

AN
Neo-tanshinlactone Diterpene S. miltiorrhiza Root 48
(e]

Protocatechualdehyde 0 Phenolic acid S. miltiorrhiza Whole plant 49

S. przewalskii Whole plant
OH
OH
(Continued)
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Table | (Continued)

Phytochemical Structure Phytochemical Plant name Plant part Refs
category
Rosmarinic acid o coon °"  Phenolic acid S. bulleyana Whole plant 36, 50
o § */@[ S. bowleyana Whole plant
© oH S. baimaensis Whole plant
o S. chienii Whole plant
S. chinensis Whole plant
S. campanulata Whole plant
S. castanea Whole plant
S. difitaloides Whole plant
S. deserta Whole plant
S. dabieshanensis Whole plant
S. evansiana Whole plant
S. flava Root
S. farinacea Whole plant
S. japonica Whole plant
S. kiangsiensis Whole plant
S. maximowicziana Root
S. meiliensis Whole plant
S. miltiorrhiza Whole plant
S. officinalis Whole plant
S. paramiltiorrhiza Whole plant
S. plectranthoides Whole plant
S. prionitis Whole plant
S. plebeian Whole plant
S. pauciflora Root
S. prattii Whole plant
S. przewalskii Whole plant
S. roborowskii Whole plant
Scavaleriei var. simplcifolia Whole plant
S. sinica Whole plant
S. splendens Whole plant
S. scapiformis Whole plant
S. staminea Whole plant
S. trijuga Whole plant
S. umbratica Whole plant
S. virgata Whole plant
S. verbenaca Whole plant
S. vasta Whole plant
S. yunnanensis Whole plant
Salvinal Neolignan S. miltiorrhiza Root 51
Salvianolic acid A Phenolic acid S. cavaleriei Whole plant 30, 52,
S. flava Whole plant 53
S. miltiorrhiza Whole plant
S. prionitis Whole plant
on
(Continued)
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Table | (Continued)

Phytochemical Structure Phytochemical Plant name Plant part Refs
category
Salvianolic acid B Phenolic acid S. baimaensis Whole plant 3638
S. bowleyana Whole plant
S. bulleyana Root
S. castanea Whole plant
S. chinensis Whole plant
S. campanulata Root
S. digitaloides Root
o S. dabieshanensis Whole plant
S. evansiana Whole plant
S. flava Root
S. kiangsiensis Whole plant
S. maximowicziana Root
S. meiliensis Whole plant
S. miltiorrhiza Whole plant
S. paramiltiorrhiza Whole plant
S. plectranthoides Root
S. prionitis Whole plant
S. przewalskii Whole plant
S. plebeia Whole plant
S. pauciflora Root
S. sinica Whole plant
S. trijuga Root
S. vasta Root
S. yunnanensis Root
Saprorthoquinone O Diterpene S. hypargeia Root 45
AN O
Salyunnanin D o] Diterpene S. yunnanensis Root 32
(&)
Salyunnanin E 9 Diterpene S. yunnanensis Root 32
o CH,0H
(Continued)
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Table | (Continued)

Phytochemical Structure Phytochemical Plant name Plant part Refs
category
Tanshinone IIA Diterpene S. bowleyana Root 30, 54
S. bulleyana Root
S. campanulata Root
S. castanea Root
o] S. cavaleriei var. simplicifolia Root
S. dabieshanensis Root
/ S. digitaloides Root
] S. evansiana Root
S. flava Root
0 S. maximowicziana Root
S. meiliensis Root
S. miltiorrhiza Root
S. officinalis Root
S. przewalskii Root
S. pauciflora Root
S. prattii Root
S. prionitis Root
S. paramiltiorrhiza Root
S. plectranthoides Root
S. roborowskii Root
S. sinica Root
S. trijuga Root
S. umbratica Root
S. vasta Root
S. yunnanensis Root
Tanshinone | Diterpene S. bowleyana Root 30, 55
S. bulleyana Root
S. campanulata Root
S. castanea Root
o S. cavaleriei var. simplicifolia Root
S. dabieshanensis Root
/ S. digitaloides Root
o S. evansiana Root
S. flava Root
o S. meiliensis Root
S. maximowicziana Root
S. miltiorrhiza Root
S. officinalis Root
S. prionitis Root
S. paramiltiorrhiza Root
S. plectranthoides Root
S. przewalskii Root
S. pauciflora Root
S. prattii Root
S. roborowskii Root
S. sinica Root
S. trijuga Root
S. umbratica Root
S. vasta Root
S. yunnanensis Root
o-Terpineol Monoterpene S. eremophila Leaf 33-35,
S. libanotica Leaf 56
HO S. nemorosa Leaf
S. sclarea Leaf
(Continued)
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Table | (Continued)

Phytochemical Structure Phytochemical Plant name Plant part Refs
category
Taxodione Diterpene S. chorassanica Root 40, 44,
S. hypargeia Root 45
S. montbretii Root

Note: Properties of phytochemical extracts from Salvia plants. Data from Erstad and Cusack.'

Abbreviation: Refs, references.

phospho-p38, phosphor-JNK, caspase-3, and Bax, but
decreased Bcl-x1 and phospho-extracellular signal-regulated
kinase expression.”* Meanwhile, tanshinone IIA inhibited
the proliferation of MDA-MB-231 cells and decreased the
protein expression of phosphatidylethanolamine conjugated
microtubule-associated protein 1A/1B-light chain 3 (LC3-1II)
and Erb-B2 (also known as HER2) in vitro. When effected
on an MDA-MB-231 xenograft animal model, tanshinone
ITA resulted in a reduction in tumor size and weight with the
downregulation of NF-xB p65 and upregulation of caspase-3
compared to the control group.® While compared with tan-
shinone IIA, tanshinone I was more sensitive in inhibiting
the growth of MCF-7 and especially MDA-MB-231 cell
lines in part by downregulation of Aurora A expression and
function. Therefore, Aurora A perhaps was an important
functional target of tanshinone I action. Therefore, tanshi-
none I has the potential to be developed as an effective and
safe agent for the therapy and prevention of breast cancer in
further investigation as well as with potent antiangiogenic
activity and minimal side effects in vivo.”® Phosphatase and
tensin homolog deleted on chromosome 10 (PTEN) is an
antagonist of PI3K signaling by dephosphorylating phos-
phatidylinositol (3,4,5)-triphosphate at position D3 to gener-
ate phosphatidylinositol (4,5)-bisphosphate.” Daucosterol,
a B-sitosterol glycoside, is isolated from Salvia sahendica.
Research indicated that daucosterol inhibited cell prolifera-
tion by inducing apoptosis. The inhibition of cell growth and
survival was 52% when the cells were treated with 20 uM of
daucosterol for 24 hours by 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay and the possible
cellular mechanisms are PI3K/Akt inhibition by upregulating
PTEN and triggering of reactive oxygen species production,
which induces mitochondrial oxidative stress and subsequent
release of cytochrome ¢ followed by caspase-3 activation and
apoptosis.” Metastasis is a complicated multistep process
that involves interactions between cancer cells and their sur-
rounding microenvironment, and angiogenesis is a critical

step in tumor growth and metastasis.”>” Vascular endothelial
growth factor (VEGF) is a major mediator of angiogenesis
in cancer, and overexpression of VEGF in cancer tissues was
found associated with tumor growth and metastasis. The
expression of VEGF is induced under hypoxic conditions in
which the alpha subunit of hypoxia inducible factor-1 plays
an important role.” The ethanolic crude extract of Salvia
triloba inhibited the expression of VEGF and the hypoxia
inducible factor-low at mRNA level in MCF-7 cells under
both normoxic and hypoxic conditions.”

Paclitaxel, a plant-derived chemotherapy agent for breast
cancer, has been widely used since it was available in clin-
ics. However, chemotherapy resistance greatly restricts the
use of first-line chemotherapeutics paclitaxel. Transgelin
2 may mediate paclitaxel resistance by activating PI3K/
Akt signaling pathway to suppress human breast cancer
paclitaxel resistance cell (MCF-7/PTX) apoptosis. Research
has indicated that salvianolic acid A, one of the important
phenolic compounds found in many Salvia species,® can
reverse paclitaxel resistance through suppressing transgelin 2
expression by involving attenuation of PI3K/Akt pathway
activation and adenosine-triphosphate binding cassette
transporter upregulation.’ Choi et al* have indicated that
protocatechualdehyde, a polyphenol in S. miltiorrhiza and
related species,’®”” suppressed proliferation of breast cancer
cells (MCF-7 and MDA-MB-231) via an estrogen-dependent
manner.* In addition, neo-tanshinlactone isolated from
S. miltiorrhiza was active against ER-positive human breast
cancer cell lines (MCF-7 and ZR-75-1) (with half maximal
inhibitory concentration [IC,] values of 0.6 and 0.3 pg/mL,
respectively) and HER-2-overexpressing breast cancer cell
line (SK-BR-3, HER-2+), but was inactive against two ER
cell lines (MDA-MB-231 and HS 587-T) (with IC, >10 pg/
mL).*® Furthermore, the extracts of S. africana-caerulea,
S. africana-lutea, S. albicaulis, S. aurita, S. chamelae-
agnea, S. diserma, S. dolomitica, S. garipensis, S. lanceola,
S. muirii, S. namaensis, S. radula, S. repens, S. runcinata,
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S. schlechteri, S. stenophylla, and S. verbenaca, the Salvia
species used in traditional medicine in South Africa, showed
cytotoxic effects on human breast cancer cells (MCF-7) with
IC,, values ranging between 9.7 and 43.7 ug/mL.™

Lung cancer
Lung cancer is the most common cancer in men and the third
most common in women. It is one of the most aggressive
human cancers, with a 5-year overall survival of 10%—15%.
Adenocarcinoma, squamous cell carcinoma, small cell
carcinoma, and large cell carcinoma are the four major
histological types of lung cancer.! In a previous research,
taxodione and 60-hydroxysalvinolone isolated from Salvia
hypargeia have been reported to possess cytotoxic response
in human lung cancer.* Recently, it was found that dansh-
enol A and 60-hydroxysugiol from Salvia yunnanensis also
exhibit substantial cytotoxicity in human lung cancer cell
line NCI-H460.3

It is reported that tanshinones in S. miltiorrhiza and
related species have specific effects on lung cancer cell
lines.>>” Tanshinone I, tanshinone I1A, and cryptotanshinone
reduced the cell viability when exposed to highly invasive
human lung adenocarcinoma cell line CL1-5. However,
tanshinone I and cryptotanshinone had no effect on cell
apoptosis that is different from tanshinone IIA. Meanwhile,
among these compounds, tanshinone I significantly inhibited
lung cancer cell migration, invasion, and gelatinase activity
in vitro; reduced metastasis, angiogenesis, and tumorigenesis
in vivo which may occur through platelet-derived growth
factor B and its downstream pathways; and suppressed
the expression of angiogenic factor interleukin-8 through
NF-«B and interleukin-8 activator protein-1 pathways.”
When exposed to non-small cell lung cancer (H1299, H23,
A549), the three components have the ability to inhibit the
cell proliferation in vitro, with tanshinone I being the most
potent, via cell cycle arrest and apoptosis induction which
is different from the effect on CL1-5. Cryptotanshinone and
tanshinone I inhibited cell proliferation by arresting cell
cycle at S phase, but tanshinone IIA arrested cell cycle at
G,/M phase. In a mouse model, tanshinone I significantly
reduced the final tumor weight associated with inducing
cancer cell apoptosis, inhibiting cancer cell proliferation, and
reducing angiogenesis, without significant adverse effect on
food intake or body weight. Aurora A, a member of a novel
oncogenic family of mitotic serine/threonine kinases, may
be an important molecular target for tanshinone I action
against lung cancer.” Recently, Xie et al® have found that
tanshinone IIA may suppress A549 proliferation (IC, is

145.3 umol/L, treatment for 24 hours, cell counting kit
[CCK] method), induce apoptosis and cell cycle arrest at the
S phase, and decrease the expression of VEGF and VEGF
receptor 2 (VEGFR2). The molecular mechanisms of action
of tanshinone IIA in the VEGF/VEGEFR signaling pathway
could be through tanshinone IIA binding to the VEGFR2
kinase domain, blocking the downstream pathways of VEGF/
VEGFR after VEGF combined with VEGFR2 in vascular
endothelial cells. In addition, research indicated that salvi-
anolic acid A can significantly decrease A549 cell growth
(cell growth was mostly blocked at G1 phase) and promote
partial apoptosis. When treated on A549 cell with 100 pug/
mL salvianolic acid A for 24 hours, the inhibitory ratio of
cell growth was ~90% by the MTT assay. Salvianolic acid A
treatment increased mitochondrial membrane permeability
and increased the cleaved caspase-3 protein level at molecular
level, as well as upregulated phosphatase and tensin homolog
[PTEN] protein level and downregulated Akt phosphorylation
which may explain the possible mechanisms in salvianolic
acid A-induced apoptosis in A549 cells.?!

Prostate cancer

Globally, prostate cancer is the second most frequently
diagnosed cancer and the fifth most common cause of cancer
death among men, with an estimated 1.1 million new cases
(15% of all cancers in men) and 0.3 million cancer deaths
(7% of all cancer deaths in men) in 2012.! Current therapeutic
modalities for prostate cancer usually have variable effective-
ness and develop metastasis and drug resistance associated
with high toxicity to normal tissues. Therefore, searching
for more effective and safe agents for the chemoprevention
of prostate cancer remains the top priority in prostate cancer
research.®?

In an earlier research, 6o-hydroxysalvinolone and
taxodione isolated from S. hypargeia were found to have
cytotoxic activity in a hormone-dependent human pros-
tate cancer cell LNCaP.*> The methanol crude extracts
of Salvia menthaefolia, Salvia sclarea, Salvia dominica,
Salvia spinos, and Salvia palestina exhibited antiprolif-
erative activity against prostate cancer cell MDA Pca2b.®
6-Hydroxysalvinolone, deacetylnemorone, and lupine-
2,3-diol isolated from Salvia leriifolia exhibited a potent
antiproliferative activity against the prostate cancer cell
PC-3.2 Danshenol A isolated from S. yunnanensis exhib-
ited substantial cytotoxicity on PC-3.32 As for the action
mechanism, Won et al®* showed that tanshinone IIA induces
p53 activation and mitochondrial dysfunction, leading to
caspase-9/caspase-3 mediated apoptosis, as well as appears
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to inhibit PI3K/Akt survival pathway to contribute to apop-
tosis induction signaling. Gong et al®? have made a research
on the effect of bioactive tanshinones inhibiting the growth
of prostate cancer cells. When treated on androgen-sensi-
tive LNCaP and androgen-independent PC-3 and DU-145
human prostate cancer cells using tanshinones (including
cryptotanshinone, tanshinone I and tanshinone IIA), tan-
shinone I was the most potent compound to inhibit cell
growth and especially for PC-3. Among them, tanshinone
I, the most potent one in apoptosis induction of PC-3, also
had the ability to inhibit the growth of DU-145 prostate
tumor in mice associated with induction of apoptosis,
decrease of proliferation, inhibition of angiogenesis, and
downregulation of Aurora A, whereas it did not alter food
intake or body weight. Therefore, Aurora A was consid-
ered to play an important function in prostate cancer cell
growth and may be a functional target of tanshinones.
Interestingly, cryptotanshinone and tanshinone I arrested
the cell cycle progression at S phase, whereas tanshinone
IIA did it at G,/M phases. Recently, Atmaca and Bozkurt®
have shown that the methanolic extract of S. triloba was
found to be cytotoxic in both PC-3 and DU-145 cells. IC_,
values (treatment for 72 hours) of the extract in PC-3 and
DU-145 cells are 287£8 and 456x15 pg/mL, respectively.
PC-3 cells were more sensitive to the extract than DU-145
cells with changes in angiogenic cytokines, and the VEGF
level was significantly decreased by 2.5-fold compared with
the control when treated with 287 pg/mL of the extract for
72 hours in PC-3 cells. Those results strengthen the evi-
dence for the potential use of the genus Salvia as a natural
resource of antiprostate cancer agents.

Colorectal cancer

Colorectal cancer represents almost 10% of the global cancer
incidence burden in 2012, and is the third most common
cancer in men (an estimated 746,000 cases) and the second
most common in women (614,000 cases). Colorectal can-
cer is the fourth most common cause of death from cancer
worldwide, with an estimated 694,000 deaths.! Saprortho-
quinone and taxodione isolated from S. hypargeia have been
reported for their cytotoxic activity on human colon cancer
(Col 2) more than a decade ago.* The crude methanolic
extracts from S. menthaefolia have exhibited the in vitro
growth inhibitory activity on colorectal adenocarcinoma
(WiDr and HT-29) with IC values of 89.6 and 95.3 ng/
mL, respectively.®® The extracts of S. africana-caerulea,
S. africana-lutea, S. albicaulis, S. aurita, S. chamelaeagnea,
S. diserma, S. lanceola, S. muirii, S. namaensis, S. radula,

S. repens, S. runcinata, S. schlechteri, S. stenophylla, and
S. verbenaca have shown cytotoxic effects on human colon
cancer cells (HT-29) with IC, values ranging between 17.1
and 57.0 ug/mL.” Tanshinone ITA and tanshinone I have an
effect on the growth inhibition and apoptotic induction in
human colon cancer Colo 205 cells. While tanshinone IIA
arrested Colo-205 cells in the G, phase, tanshinone I arrested
Colo 205 cells in the G /G, phase. Tanshinone IIA induces
apoptosis in Colo 205 cells through both mitochondrial-
mediated intrinsic and Fas-mediated extrinsic caspase
cell-death pathways, and tanshinone I induces apoptosis
in Colo 205 cells through both mitochondrial-mediated
intrinsic cell-death pathways and p21-mediated G /G, cell
cycle arrest.’¢%

An epidemiological study has shown that nutrition is a key
factor in modulating sporadic colorectal carcinoma risk. Aro-
matic plants of the genus Salvia have been attributed many
medicinal properties, including anticolorectal cancer activity.
When treated on the two human colon carcinoma-derived cell
lines HCT15 and CO115, the water extracts of Salvia fruti-
cosa and S. officinalis have a significant inhibition of HCT15
cell proliferation, while the extracts and rosmarinic acid (the
main phenolic compound of these extracts) all significantly
induced apoptosis in a concentration-dependent manner in
both HCT15 and CO115 cells. However, they did not affect
PI3K/Akt pathway but inhibited the MAPK/extracellular
signal-regulated kinase pathway in the Kirsten rat sarcoma
viral oncogene homolog mutated HCT15 cell line and not
in the V-raf murine sarcoma viral oncogene homolog Bl
mutated CO115 cell which maybe results from an inhibition
of Kirsten rat sarcoma viral oncogene homolog, upstream to
V-raf murine sarcoma viral oncogene homolog B1."!

Multidrug resistance, the resistance of cancer cells to a
variety of structurally unrelated chemotherapeutic agents fol-
lowing exposure to a single cytotoxic compound, is a major
factor in the failure of many forms of chemotherapy.® There
are specific correlations between cell membrane transporters
or pumps and a drug-resistant phenotype. The overexpression
ofa glycoprotein, termed P-glycoprotein (P-gp), is associated
with “reduced drug permeation” in multidrug-resistant cells,
which mediates the efflux of cytotoxic drugs out of cancer
cells by functioning as an efflux pump. Therefore, the selection
of P-gp-inhibitor cytotoxic agent represents a logical approach
to overcome multidrug resistance in cancer chemotherapy.?*
Among the main tanshinones of tanshinone I, tanshinone
ITA, cryptotanshinone, dihydrotanshinone, and miltirone,
only cryptotanshinone and dihydrotanshinone decreased
digoxin efflux ratio in a concentration-dependent manner,
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indicating their inhibitory effects on P-gp function, whereas
tanshinone I, tanshinone IIA, and miltirone had no inhibi-
tory effects in Caco-2 cells (human colorectal cancer cells).
Moreover, both cryptotanshinone and dihydrotanshinone
could potentiate the cytotoxicity of doxorubicin and irinotecan
in P-gp overexpressing colon cancer cells (SW620/Ad-300).
The mechanistic studies revealed that these two tanshinones
increased intracellular accumulation of the P-gp substrate
anticancer drugs, presumably by downregulating P-gp mRNA
and protein levels, and inhibiting P-gp ATPase activity.”
S-Fluorouracil, one of the chemotherapeutic medicines for
colon cancer, has low efficacy and resistance in therapy.”
The Colo 205 xenograft model cotreated with tanshinone
IIA plus 5-fluorouracil caused a reduction in the xenograft
tumor volumes and decreased the protein expression of P-gp
and LC3-II expression compared to 5-fluorouracil alone.”
Therefore, tanshinone ITA has the potential to be used as the
adjuvant agent in the chemotherapy of colon cancer.

Linalyl acetate, a-terpineol, and camphor, the main
components of the essential oil from Lebanese sage (Salvia
libanotica), synergistically induced cell arrest and apoptosis
resulting in the inhibition of the growth of two isogenic
human colon cancer cell lines HCT-116 (p53+/+ and p53—/-).
In addition, by the treatment of protocatechualdehyde, cyclin
D1 promoter activity was significantly inhibited and poly
adenosine diphosphate (ADP)-ribose polymerase cleavage
was dramatically increased in human colorectal cancer cells
(HCT116 and SW480). The latest research has indicted that
exposure of protocatechualdehyde activated the levels of
activating transcription factor 3 (ATF3) protein and mRNA
in HCT116 and SW480 cells. However, ATF3 overexpression
enhanced protocatechualdehyde-mediated cleavage of poly
ADP-ribose polymerase.’>** Transcriptional induction of the
ATF 3 gene has been related to the downregulation of cyclin
D1 transcription.”* Meanwhile, ATF3 knockdown inhibited
apoptosis and cell viability. Therefore, protocatechualdehyde
possesses cell viability inhibition and induction of apopto-
sis activity in human colorectal cancer cells (HCT116 and
SW480) resulting in ATF3 expression and transcriptional
activation.”

Liver cancer

Liver cancer represents 6% and 9% of the global cancer inci-
dence and mortality burden, respectively. With an estimated
746,000 deaths in 2012, it is the second most common cause
of death from cancer worldwide.! In most populations, the
major histological type of primary liver neoplasm is hepa-
tocellular carcinoma.®

Existing studies have demonstrated that reduced gluta-
thione (GSH) depletion is associated with mitochondrial
dysfunction and induction of apoptosis, which is related to
an increase in reactive oxygen species generation in cells;
therefore, the balance of GSH and glutathione disulfide
(GSSG) was considered to be very important to aerobic
organisms.’®”” Earlier research has found that aqueous extract
from S. miltiorrhiza has strongly inhibited the proliferation
of hepatocellular carcinoma cells (HepG2) and caused apop-
totic cell death in vitro, which is related to the depletion of
intracellular GSH and reduction of mitochondrial membrane
potential.”® The tanshinones (cryptotanshinone, tanshinone I,
tanshinone IIA, and dihydrotanshinone) have the ability
to decrease cell viability of HepG2 cells. However, only
tanshinone ITA induced apoptosis in HepG2 cells without
inducing changes in the GSH/GSSG ratio, an indicator of
oxidative stress, despite the observed augmentation in GSH
and oxidized GSSG, and the others showed lower efficacy in
inducing apoptosis despite inducing changes in intracellular
GSH/GSSG ratio in the HepG2 cells.’® In addition, research
has indicated that tanshinones have cytotoxic effects on
doxorubicin-resistant human liver cancer cells. Cryptotanshi-
none suppressed doxorubicin efflux, a process mediated by
P-gp, in P-gp-overexpressed R-HepG2 (a subclone of HepG2)
cells. Compared with cryptotanshinone, dihydrotanshinone,
and tanshinone, tanshinone I1A provided the best synergism
with doxorubicin.”” Recently, Jeon et al'®® have declared that
tanshinone IIA induces apoptotic cell death in HepG2 cells
by the inhibition of cytochrome P450 2J2, which is highly
expressed in human tumors and carcinoma cell lines. And
in vivo, HepG2 cell-based tumor growth was significantly
decreased in a dose-dependent manner after the treatment
with tanshinone ITA.

The alcohol extract of Salvia chinensis can inhibit the
growth and angiogenesis of tumor in H22 bearing mice while
significantly reducing the express of VEGF and microves-
sel density.'”! The total flavonoids from S. chinensia (95%
ethanolic extract) induced HepG2 and Huh-7 (human hepa-
tocellular cancer cell) cell apoptosis by suppressing cellular
NF-xB signaling. In vivo, the extract (total flavonoids) is
able to induce H22 cell apoptosis without detectable toxic
impacts on normal hepatocytes and vital organs of tumor-
bearing mice.'?

The failure of the immune system either to recognize
or mediate destruction of tumor cells which results in the
development and progression of tumor, however, could be
corrected by immunotherapy. The ideal cancer treatment is
not only to cause destruction of local tumors, but also to
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activate a systemic antitumor immunity.'”® Therefore, the
development of immunotherapies holds great potential for
cancer treatment.'* There are several studies on polysaccha-
ride antitumor immunology mechanism, and it is generally
believed that improving the host’s immune function is one
of its antitumor mechanisms.'% The typical polysaccharides
isolated from plants show anticancer activity thought to be
through activating the host immune response.'% 1% Recently,
a new polysaccharide SMP-W1 purified from commercial
S. miltiorrhiza crude polysaccharide had an antiproliferative
effect on hepatocellular carcinoma H22 cells in vitro, and
simultaneously, significantly inhibited tumor growth and
improved the immune response in tumor-bearing mice.'” In
vivo, polysaccharides extracted by water method at 100°C
from S. chinensis were able to stimulate an antitumor immune
response in mice transplanted with H22 cells by alleviating
tumor transplantation-induced CD4+ T-cell apoptosis and
dysregulation of serum cytokine profiles. Most importantly,
PSSC have no toxic effects on tumor-bearing animals com-
pared with the cisplatin treatment group.''° These researches
provide novel insights into the application of Salvia species
extracts as a potential adjuvant reagent stimulating antican-
cer immune response in clinical hepatocellular carcinoma
treatment.

Other type of cancers

Earlier research has indicated that oil extract of S. liban-
otica displayed strong growth inhibitory effects on a mouse
papilloma-derived cell line (SP-1) following 24 hours of
treatment with an estimated IC, of 50 pig/mL, and the growth
inhibition was due to cytostatic and not cytotoxic effects.*
Melanoma is an aggressive form of skin cancer that has
limited therapeutic options,''! with more than 232,000 new
cases and ~55,000 deaths in 2012.! Research has indicated
that essential oils of Salvia bracteata and Salvia rubifolia
from Lebanon exhibited an inhibitory effect on the human
melanoma cells M14 through induction of apoptotic cell
death. The essential oil of S. rubifolia was significantly more
effective than the essential oil of S. bracteata that maybe
resulted from the difference in the concentration of sesqui-
terpenes.'? Russo et al** have shown that essential oil of
S. officinalis caused the inhibition of cell growth and induction
of apoptosis cell death when treated on human melanoma cell
lines (A375, M14, and A2058). Because of the influence of
environmental and pedoclimatic conditions on the qualitative
chemical composition of essential oil, there is difference in
the anticancer activity among the essential oils of S. officinalis
collected from different places. o- And B-thujone isomers

associated with the synergism of other compounds present
in the essential oil such as camphor may be related to the
potential anticancer activity of the essential oils. In addition,
danshensu (B-(3,4-dihydroxyphenyl)-D-lactic acid), one of the
major water-soluble components of Danshen, has antitumor
activity in BI6F10 melanoma via affecting tumor angiogen-
esis and tumor invasion by downregulation of the expression
of VEGF and matrix metalloproteinases-2 and -9.'"

The data indicated that stomach cancer is the fifth most
common cancer worldwide in 2012. Most stomach cancers
are gastric carcinomas, which are malignant epithelial
neoplasms.' Despite varied treatment strategies, the control
of this cancer at an advanced stage remains challenging.
Therefore, the development of novel therapeutic strategies
or agents to improve the life expectancy of gastric cancer
patients is also an urgent need.''* Tanshinone IIA can induce
gastric cancer cell (MKN45 and SGC7901 cell lines) growth
inhibition and apoptosis in vitro and in a gastric cancer mouse
xenograft model, and it not only causes cell cycle arrest in the
G,/M phase but also triggers the intrinsic apoptotic signaling
pathway.!'> SMPA, another neutral polysaccharide from the
roots of S. miltiorrhiza, significantly enhanced the immune
function of rats with N-methyl-N’-nitro-nitrosoguanidine-
induced gastric cancer.'!*

Data from low-resource countries show that cervical
cancer is still often the most common cancer among women. '
Tanshinone IIA purified from Danshen extract can induce
apoptosis in HeLa cells through mitotic arrest at M phase with-
out the disruption of microtubule structure in interphase cells,
and induced apoptosis through the mitochondria-dependent
pathway. In addition, it could trigger the mitotic arrested
cells to enter apoptosis faster than vincristine or taxol.''® Pan
et al''” have found that tanshinone IIA isolated from Danshen
powder strongly inhibits the growth of HeLa cells through
interfering in the process of microtubule assembly, leading to
G,/M phase arrest and subsequent apoptosis. The interaction
network analysis of 12 proteins suggested that tanshinone [IA
treatment on HeLa cells regulates the expressions of proteins
involved in apoptotic processes, spindle assembly, and p53
activation, including vimentin, maspin, o and B-tubulin,
and glucose-regulated protein 75. Meanwhile, salyunnanin E
isolated from S. yunnanensis exhibits substantial cytotoxic-
ity in HeLa cell with an IC, value of 0.86 pmol/L.*> Human
papilloma viruses (HPVs) are small double-stranded circular
DNA viruses. Expression of HPV ES5, E6, and E7 oncopro-
teins can alter multiple signaling pathways to cause cancer.''®
Unfortunately, infection with high-risk HPV, such as 16 and
18, plays a major role in the incidence of cervical cancer.''
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When treated on CaSki (which contains an integrated HPV16
genome as well as sequences related to HPV 18, wt p53, and wt
pRb), tanshinone IIA was found to downregulate expression
of HPV E6 and E7 genes and modulate associated proteins
E6AP and E2F1, as well as cause S phase cell cycle arrest
and p53-mediated apoptosis. In vivo, tanshinone IIA (injec-
tion, 30 mg/kg in 100 pL) resulted in over 66% reduction in
tumor volume of cervical cancer xenograft in athymic nude
mice (CaSki cell injection).!?° Therefore, tanshinone ITA has
the potential to be a therapeutic agent for cervical cancer, as
well as other HPV-related cancers.

Taxodione, ferruginol, and 6-hydroxysalvinolone isolated
form Salvia chorassanica exhibited cytotoxic and apoptotic
effectiveness against the leukemic cancer cells K562 and
HL-60.** Rosmarinic acid-induced cytotoxicity toward
CCRF-CEM and CEM/ADRS5000 (P-gp overexpressing,
multidrug-resistant cell line) leukemic cancer cells with
IC,, values of 14.6£1.58 and 44.5£5.3 UM, respectively.
Rosmarinic acid binds to inhibitor kB kinase-f§ and decreases
nuclear p65 translocation. The inactivation of NF-kB tran-
scriptional activity may then lead to the deregulation of
related gene.'?! In addition, increased reactive oxygen species
generation upon chemotherapeutic agents is related to mito-
chondrial DNA mutations, resulting in resistance of leukemia

122 and because rosmarinic

cells to DNA-damaging agents,
acid induced necrosis and apoptosis through DNA damage in
areactive oxygen species-independent manner; therefore, the
occurrence of multidrug resistance might be avoided by ros-
marinic acid treatment.'?! Recently, Zhang et al'?® indicated
that treatment with tanshinone IIA significantly prolonged
the survival of acute promyelocytic leukemia bearing mice
by inhibiting the proliferation and triggering apoptosis of
acute promyelocytic leukemia cells.

In addition, tanshinone IIA has an effect of inhibiting the
growth of human pancreatic cancer cell (PANC-1 cell line)
and human ovarian cancer cells (A2780 and SKOV3 cell
lines) in a concentration- and time-dependent manner and
induce cell apoptosis.'?* 12 Acetone extract of S. hypargeia
roots, among 16 Salvia extracts, showed the highest activ-
ity against the human ovarian cancer cell (A2780 cell line).
6-Hydroxysalvinolone and demethylcryptojaponol purified
from S. hypargeia were found to be active against A2780
cell line with IC, values of 3.9 and 1.2 pg/mL.* Salvianolic
acid B, one of polyphenols in Salvia species,® significantly
decreased the incidence of squamous carcinoma and inhib-
ited angiogenesis during the process.’” When treated on
human nasopharyngeal carcinoma cells (C666-1 cell line),

salvianolic acid B inhibited the cell growth with an IC, value
of 80+6.8 pg/mL and induced cell apoptosis.*®

In fact, there are many Sal/via species that contain similar
bioactive phytochemical profiles. Most of these species are
grown in locations similar to that of S. miltiorrhiza and are
of great development and utilization value. Therefore, the
existing data on anticancer activity of known phytochemi-
cals, such as tanshinones, salvianolic acid, and rosmarinic
acid of Salvia species, can be used as important biomarkers
in the selection and development of additional Salvia spe-
cies. In addition, the current knowledge can also be used to
investigate anticancer effects of phytochemicals with similar
structure and synthesize analogues for screening against
cancer. It seems that the high lipophilicity, short half-life,
and low bioavailability of tanshinone IIA are some limita-
tions in clinical application. Further research is required for
reducing the cost of raw material through mass production
of Salvia, green extraction techniques for the bioactives, and
synthesis and assessment of structurally modified anticancer
phytochemicals. Therefore, the development of phytogenic
anticarcinogens still requires further investigation for explor-
ing their fullest prospects.

Conclusion

As the largest genus in the Lamiaceae or Labiatae family,
Salvia species have made a great contribution to human
health all around the world. Evidence provided from labo-
ratory studies supports the cancer preventive role of dietary
intake of Salvia species against many types of cancers by
interacting with signaling pathways, such as ER-mediated,
MAPK/extracellular signal-regulated kinase, NF-xB, VEGF/
VEGFR, PTEN/PI3K/Akt, p53, and mitochondria-dependent
pathways. This paper has reviewed the recent advancements
in the exploration of Salvia species in relation to anticancer
effects, illustrating their potential as natural anticancer
agents, and revealed phytochemicals in Salvia species
exhibiting potential in cancer prevention and complementing
conventional cancer treatments. However, the data collected
by in vitro assays that reveal the potential of those extracts to
be used as the anticancer candidates also should be tested by
in vivo assays. Therefore, collaborated research and efforts
of cancer research experts and oncologists in the world are
still needed to demonstrate the safety, quality, and efficacy in
systematic experimental animal models and human clinical
trials before accepting phytochemicals of Salvia in clinic
as anticancer agents or auxiliary agents based on existing
research achievements.
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