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ARTICLE INFO ABSTRACT

Keywords: Man is increasingly being faced with many health conditions, including viral infection, some of which increases
Salvia species the risk to cancer. These infectious agents contribute to the large number of persons with cancer and the
Anticancer worrisome number that die from the diseases. A good range of drugs are currently in place for treating patients
Antiviral . . . ! . - .

. infected with viruses, however, some of the drugs' effectiveness are limited by the emergence of drug-resistant
Phytochemicals . . o . e .
Nutraceuticals strains of the viruses, as well as adverse effects of the drugs. Similarly, the inability of many anticancer drugs

to selectively kill cancer cells while sparing hosts’ normal cells limit their use. This warrants more research for
newer drugs, especially from chemicals naturally encrypted in plants with anticancer and antiviral activities. In
response to infection with cancer-inducing viruses, plants such as Salvia species synthesize and store secondary
metabolites to protect themselves and kill these viruses as well as inhibit their ability to induce carcinogenesis.
Hence, this review presented a discussion on the potential application of Salvia species in the prevention and
management of cancer and viral infection. The study also discusses the cellular mechanisms of action of these
herbal products against cancer cells and viruses, where available and provided suggestions on future research
directions. The study is believed to spur more research on how to exploit Salvia phytochemicals as candidates for

the development of nutraceuticals and drugs for managing cancers and viral infection.

1. Introduction

The human cells divide into daughter cells that develop into func-
tional cells and when aged or damaged beyond repair, cells are signaled
to undergo apoptosis - programmed cell death. However, there are sit-
uation where mutations in some genes of cells render them resistant to
normal death programming, making them cancerous. Several factors
such as exposure to large doses of radiation, some viruses and other
carcinogens induce the loss of native cellular programming, leading to
the loss of contact inhibition, and acquisition of cellular immortality,
ability to metastasize and undergo angiogenesis, among others [1].

Cancer generally represents a group of dangerous diseases that are
leading cause of death globally. In 2020, cancer contributed to about ten
million deaths [2], while an estimate of 19 million new cancer cases were
diagnosed [3]. The incidence of cancer is increasing globally, both in
developed and developing regions of the world due to factors like a rise in
the aging population, adoption of sedentary lifestyle, poor diet and
others. At present, cancers are managed using radiation and chemical
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therapies, and surgeries, or a combination of them. Although some of
these approaches, especially radiotherapy and surgeries are still clinically
useful, they cause serious discomfort to cancer patients. Similarly, many
anticancer drugs have serious side effects while some cancer cells have
developed resistance to some anticancer drugs [4, 5]. Hence, there is a
dire need for clinically-effective drugs that are selectively toxic to cancer
cells while sparing normal cells.

Natural products derived from plants, animal protein-originated
peptides and marine organisms are gaining scientific attention as accu-
mulating literature are positioning them as potential sources of new
anticancer agents [6]. In folkloric practices, plants such as Salvia spp.,
Zanthoxylum spp., Allium spp., and Zingiber spp. among others are applied
in treating many kinds of tumors and cancers [6, 7, 8, 9, 10, 11, 12, 13].
Among these plants, species belonging to the genus Salvia appear to stand
out due to their reservoir of many chemicals with cytotoxic properties
against cancer cells, antimicrobial, anti-inflammatory and antioxidant
capabilities [14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25]. The genus
Salvia belong to Lamiaceae - a family of mint flowering plant that is
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composed of over 230 genera and 7000 plant species. Salvia spp. is made
up of more than 900 herbaceous and woody plant species found
commonly in Eurasia, Central America and in the Mediterranean region.
Extracts of Salvia spp. or their phytochemicals have been demonstrated to
possess cytotoxic activities against cancer cells while causing minimal
damages to normal cells [24, 26, 27].

Viruses such as Epstein-Barr virus [28, 29], human T-cell leukemia
virus (HTLV-1), hepatitis C virus (HCV), human papillomavirus (HPV),
hepatitis B virus (HBV), kaposi's sarcoma-associated herpesvirus
(KSHV)/human herpes virus 8 (HHVS8) [30, 31, 32, 33, 34, 35] and
SARS-COV-2 virus [36] among others have been estimated to cause about
20% of cancers, including cervical, bladder, head, neck and hepatic
among other carcinomas. These viruses alter the stability of host ge-
nomes, increase the frequency of carcinogenic mutations while inhibiting
the action of tumor suppressor genes and their gene products, as well as
increasing tumor survival [37, 38, 39]. Considering the link between
viral infection and cancer initiation and progression, this review dis-
cusses the potential application of plants in genus Salvia and their phy-
tochemicals in the prevention and treatment of cancer and viral infection.
This study adopted literature search strategy of our previous study [13],
to retrieve studies published in peer reviewed journals and deposited in
PubMed, ScienceDirect and Google Scholar, on antiviral and anticancer
activities of plants in genus Salvia. Keywords such as Salvia, Sage, Lam-
iaceae, phytochemistry, isolated compounds, anticancer salvia species,
antitumor salvia species, antiviral salvia species and others were used
alone or in combinations for the searches. At first, abstracts were scanned
and studies that reported anticancer and antiviral activities of Salvia spp
in English language were retrieved, while studies reported in non-English
languages as well as those reporting other pharmacological properties
different from anticancer and antiviral activities were excluded. The
cellular mechanisms of action of the plant extracts and their phyto-
chemicals in relation to cancer and viral infection were comprehensively
discussed in this paper. It is our hope that this review will inspire more
research and project multifunctional and broad-spectrum phytochemi-
cals derived from Salvia species as good nutraceutical and drug candi-
dates for the prevention and treatment of cancer and viral infections.

2. Application of Salvia species in cancer prevention and
management

Extracts of some Salvia spp. or their phytochemicals have demon-
strated potentials to inhibit carcinogenesis, proliferation and metastasis
of cancer cells, while causing minimal damages to normal cells [24, 27,
40]. This section will discuss the inhibitory roles of Salvia spp. on
carcinogenesis, and in proliferation of cancer cells, as well as inhibition
of cellular invasion and metastasis of cancer cells, based on findings from
cell culture and animal studies.

2.1. Suppression of mutagenesis

Carcinogenesis occurs when a cell acquires malignant traits as a result
of DNA damage, and mammals become at risk when exposed to carcin-
ogens. These carcinogens are either ingested/inhaled from the environ-
ment or produced endogenously from precursors in consumer products.
For example, apart from being ingested/inhaled through meat, water,
tobacco smoke, nitrosamines are produced endogenously through the
reaction of secondary/tertiary amino compounds with nitrite/nitrate
under acidic or iron-rich condition in the mouth or stomach [41, 42, 43,
44]. Metabolic activation of these carcinogens by cytochrome P450 en-
zymes produce DNA reactive species, which can impair DNA replication,
leading to genetic instability and malignancy [45]. Also, free radicals
such as reactive oxygen species (ROS), reactive nitrogen species (RNS),
and reactive sulfur species (RSS) that are endogenously produced
during cellular metabolism, have potentials to cause oxidative damages
to cells [46]. Without their detoxification, these reactive species can
oxidize membrane lipids to form lipid peroxides, which can break
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down into malondialdehyde among other products that react with
DNA and low density lipoproteins to form adducts (e.g.
malondialdehyde-deoxyguanosine and MDA-LDL) which have been
implicated in carcinogenesis and cancer progression [47, 48]. Thus, en-
tities that can decrease carcinogens' formation/bioactivation, increase
carcinogens’ excretion, prevent DNA damage (via alkylation or oxida-
tion) and/or suppress cell replication (needed for maintenance of the
mutated DNA sequences) are expected to prevent or delay carcinogenesis
[49].

Some plants in the genus Salvia have been documented to contain
some phytochemicals such as vitamin C [50, 51], rosmarinic acid [49,
52], manool [40], chrysin [20, 53], and tanshinones [54, 55] that sup-
press carcinogenesis. Vitamin C (ascorbic acid), in combination with
polyphenols, helps in the prevention/reduction of oxidative damages by
acting as an antioxidant and by regenerating other antioxidant molecules
(such as p-carotene, a-tocopherol, urate and glutathione) [48]. Interest-
ingly, the intake of vitamin C has been correlated with reduced risks of
cancer [56]. Vitamin C has also been credited with the suppression of
nitrosamines formation in vitro [42, 571, and increasing the content of its
isomer, erythorbic acid, from 250 to 1000 mg/kg sausages, also sup-
pressed the formation of nitrosamines (specifically, nitrosohydroxypro-
line formation was suppressed by over 70%) in nitrite-preserved cooked
sausages [58]. In male Wistar rat models administered rosmarinic acid
(RA) [extracted from dried leaves of Salvia rosmarinus (Syn. Rosmarinus
officinalis)] for seven days before a single dose injection of a carcinogen,
1,2-dimethylhydrazine (DMH) (40 mg/kg bw/day), there were reduced
extents of DNA damages by 55.2, 55.4 and 49%, respectively for 4, 8, or
16 mg/kg bw/day of RA when compared with those injected with DMH
alone. Also, the injection of RA at the same doses respectively reduced
the formation of aberrant crypt foci (ACF) in the colon by 62.7, 65.4 and
59.5% after DMH challenge [59]. The reduction in ACF, an indicator of
early stage of colon cancer indicates that RA should be further explored
as candidate nutraceutical for preventing and treating colon cancer. In
another study involving male albino rats injected DMH (40 mg/kg bw),
treatment with 250 mg/kg chrysin for 8 weeks significantly reduced the
expression of CYP2E1 by 45% and prevented the development of histo-
pathological disorders suggestive of tumorigenesis [60]. CYP2E1 is one
of the cytochromes P450 enzymes needed for metabolic activation of
DMH [61]. Significant reduction in the levels of malondialdehyde (MDA)
by 32.7 and 52.4%, respectively and nitric oxide (NO) by 22.8 and
31.4%, respectively, and concomitant increase in level of reduced
glutathione (GSH) by 67.3 and 188.5%, respectively was observed in the
rats fed chrysin (125 and 250 mg/kg bw) compared with rats injected
DMH without treatment. The reference drug in the study, daidzein, was
more effective than chrysin; at 5 and 10 mg/kg bw, daidzein reduced
CYP2E1 level by 20.5 and 52.8%, respectively, NO level by 33.4 and
44%, respectively and MDA level by 26.1 and 29%, respectively, but
increased GSH level by 135 and 182.7%, respectively.

In a recent investigation by Nocolella et al. [25], manool, a diterpene
from S. officinalis protected V79 cells from DNA damages. Manool
significantly inhibited micronuclei formation in V79 cells exposed
doxorubicin (DXR) and hydrogen peroxide, and NO synthesis in LPS
exposed macrophages (Table 1). In DMH-injected rats (40 mg/kg bw, i.p),
manool (0.3125-5.0 mg/kg bw) reduced ACF formation by 59.7-84.7%,
compared to those treated with only DMH. The diterpene also reduced
DXR (10 mg/kg bw, i.p)-induced chromosomal damage by 79.5% at 1.25
mg/kg b.w., p.o, suggesting that its anti-mutagenic potential could be
associated with inhibition of inflammation and oxidative stress, the two
major mechanisms through which DXR induces chromosomal damage
[62, 63]. Additionally, consumption of the crude Salvia spp has also been
credited with DNA-protective effects. In an in vivo study, a prophylactic
administration of water extract (herbal tea) of S. officinalis (13.3 g/L, p.o
for 2 weeks) prevented azoxymethane (AOM)-induced DNA damages on
colonocytes and on lymphocytes by 20% and 65% respectively; reduced
H,0,-induced DNA damages on colonocytes only by 28%, and inhibited
by 30.5% the AOM-induced proliferation (needed for maintenance of the
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Table 1. Summary of anticancer effects of Salvia spp extracts and phytochemicals.

Salvia species

Concentration tested/
dose administered

Study model (cell lines or animal
models)

Pharmacological effects

References

Crude extract and solvent fraction

Water extract of S. officinalis

Hydro-ethanol extract of S.
chorassanica roots

PDE sub-fractions of methanol
extracts of S. chloroleuca roots

Petroleum ether sub-fractions of
methanol extracts S. atropatana roots

n-hexane sub-fraction of methanol
extracts of aerial parts of
S. macrosiphon

Dichloromethane:methanol extract
of S. rosmarinus leaves

DMSO extract of S. rosmarinus leaves

Methanol extract of S. Rosmarinus

13.3 g/1

6.25-1000 pg/ml

25-200 pg/ml

2.5-200 pg/ml

N.D

5-150 pg/ml

2-10 pg/ml

200 mg/kg b.w for in vivo
study

Female Fischer 344 rats

AGS and MKN-45

MCF-7 and PC-3

PC-3, MCF-7 and MDA-MB-231

A549, MCF-7, MDA-MB-231 and

normal HDF

PC-3

184-B5/HER

HGUE-C-1, SW480, and HT-29
cells as well as athymic mice

Reduced AOM-induced
DNA damages on
colonocytes and on
lymphocytes by 20% and
65% respectively.
Reduced H,0,-induced
DNA damages on
colonocytes by 28%.
Reduced AOM-induced
proliferation by 30.5%.
Reduced AOM-induced
ACF formation by 53%.

Suppressed proliferation

of AGS (ICsg = 9.262 g/
ml) and MKN-45 (ICso =
271.73 pg/ml) cells.

Reduced viability of MCF-
7 and PC-3 cell lines, with
ICsp values ranging from
24.19 to 47.15 pg/ml.
PDE sub-fractions
induced apoptosis in PC-3
cells with DCM sub-
fraction increasing the
Bax/Bcl-2 ratio by 650%
compared to negative
control, and cleaving
PARP

Reduced proliferation of
PC-3 (ICso = 8.73 pg/ml),
MCF-7 (ICso = 32.40 pg/
ml) and MDA-MB-231
(ICsp = 77.65 pg/ml) by
cleaving PARP.

Cytotoxic against A549,
MCF-7, MDA-MB-231 and
HDF with ICsq values of
20.89, 10.24, 20.98 and
26.90 pg/ml,
respectively.

Cytotoxic against the
cancer cell and inhibited
its migrationPC-3 cells
(ICsp = 19.72 pg/ml) by
increasing level of PARP
cleavage by 75%
(compared to control).
The extract suppressed
the migration of PC-3
cells by 48% via
reduction in total AKT
phosphorylated AKT by
27% and 70%), while
total mTOR and
phosphorylated mTOR
reduced by 40% and 65%,
respectively.

Inhibited the
proliferation of 184-B5/
HER cells (ICsp = 4.6 pg/
ml) by inducing cell cycle
arrests at G1 and G2/M
phases and inducing
apoptosis (increased Bax/
Bcl-2 ratio by 225%)).
Induced necrosis in
HGUE-C-1, HT-29 and
SW480 cells. At 40 pg/ml,
RE increased LDH leakage
in HGUE-C-1, SW480 and

[49]

[22]

[64]

[69]

[24]

[27]

[70]

[71]

(continued on next page)
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Salvia species

Concentration tested/
dose administered

Study model (cell lines or animal

models)

Pharmacological effects

References

HT-29 cells by 32.6%,
20.0% and 14.3%,
respectively, increased
ROS generation by 280,
300 and 250%,
respectively; and
decreased MMP by 35, 40
and 30%, respectively. At
30 and 40 pg/ml, RE
inhibited the migration of
HGUE-C-1 cells by 28.8
and 66.1%, respectively,
HT-29 cells by 22.1 and
92.5%, respectively and
SW480 cells by 5.6 and
76.7%, respectively.

At 200 mg/kg.b.w RE
reduced HT-29 tumor
volume by 34.1% (if RE
was administered 2
weeks before and for
another 5 weeks after HT-
29 cells injection) and by
27.5% (if RE was
administered for 5 weeks
only after HT-29 cells
injection).

Isolated compounds

A mixture of saprorthoquinone and
aethiopinone

13-Epimanoyl oxide

Aegyptinone A and tebesinone B

Taxodione and sahandinone

Taxodione

2.5-100 pg/ml

N.D

N.D

N.D

0-30 mM

PC-3, MCF-7 and MDA-MB-231

A549, MCF-7, MDA-MB-231 and

normal HDF

MCF-7, B16F10, PC-3, and C26

MOLT-4, HT-29) and MCF-7

BCR-ABL-positive K562 cells

Cytotoxic against PC-3
(ICso = 8.83 pg/mb),
MCE-7 (ICso = 26.15 g/
ml) and MDA-MB-231
(ICsp = 66.23 pg/ml) by
increasing PARP cleavage
(increased PARP cleavage
by 220% at 12.5 pg/ml);
increasing caspase-3 level
(increased caspase-3 level
by 1700% at 6.25 pg/ml);
and increasing Bax/Bcl-2
ratio (increased Bax/Bcl-
2 ratio by 200% at 6.25
pg/ml).

Cytotoxic against A549,
MCF-7 and MDA-MB-231
with ICsq values of 19.37,
15.79 and 22.24 pg/ml,
respectively.

Aegyptinone A inhibited
viability of MCF-7,
B16F10, PC-3 and C26
cells (with ICs, values of
4.82, 4.82,1.24 and 4.09
pg/ml, respectively while
the ICs values of
tebesinone B against the
cancer cells were 4.45,
6.09, 3.22 and 3.23 pg/
ml, respectively by.
Cytotoxic against MOLT-
4, HT-29 and MCF-7
(with ICsq values of 0.54,
2.76 and 3.87 pg/ml,
respectively by taxodione
and ICsq values of 0.41,
1.78 and 3.20 pg/ml,
respectively by
sahandinone.

Inhibited proliferation
(IC100 = 17.66 pg/ml)
and induced apoptosis by
120% upregulation of
ROS generation.

[69]

[24]

[19]

[72]

[73]

(continued on next page)
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Salvia species

Concentration tested/
dose administered

Study model (cell lines or animal

models)

Pharmacological effects References

15-deoxyfuerstione, horminon,
microstegiol and 14-deoxycoleon U

Ferruginol (FRG)

Chrysin

N.D

6-48 UM

10-320 uM

5-100 pM

10-160 pM and 20 mg/kg
b.w.for in vivo study

10-200 pg/ml and 8 and
10 mg/kg b.w.

K562 and MCF-7

MCEF-7

SK-Mel-28

ES2 and OV90

MKN-45 cells nude mice

CT-26 and mice

The phytochemicals were [76]
toxic to both cells via
inhibition of
topoisomerase I. The ICso
values of 15-deoxyfuer-
stione, horminon,
microstegiol and 14-
deoxycoleon U were 4.70,
9.60, 3.30 and 2.63 pg/
ml, respectively against
K562 and 5.13, 11.8, 4.67
and 2.70 pg/ml,
respectively against MCF-
7o

Induced apoptosis via [74]
340% increase in caspase-
3, 225% increase in
caspase-9, 400% increase
in TBARS, and 271.4%
increase in ROS
generation. It also
reduced the levels of NF-
kB, MMP, SOD, CAT and
GSH by 65%, 62.5%, 72,
68.4 and 72%
respectively.

Cytotoxic against SK-Mel- [75]
28 (ICsp = 50.03 pg/ml)

by elevating caspase-3-

mediated apoptosis.

Induced apoptosis [77]
through the loss of MMP

(by 350% and 50%,

respectively), and

increase in cytoplasmic

Ca?* level (by 550% and

275%, respectively) and

ROS generation (by 450%

and 120%, respectively).

Cytotoxic to MKN-45 cells [80]1
at > 80 pM by increasing
Bax/Bcl-2 ratio and TET1
enzymes (by 167%). At
40 pM chrysin reduced
MKN-45 cells' migration
and invasion by about 44
and 72%, respectively via
elevation in TET1
expression by 61.54%.
Oral administration of
chrysin at 20 mg/kg.bw
inhibited tumor growth
by reducing 20% of tumor
volume and upregulating
the expression of TET1
enzymes by 50%.

Induced apoptosis in [79]
CT26 cells (ICsp = 80 pg/
ml) through elevation in
caspase-3 and caspase-9
activities by 97.9 and
126.7% respectively. 2-
week oral administration
of chrysin at 8 and 10
mg/kg.bw to mice
resulted in about 21 and
37% reduction in CT-26
tumor volume
respectively by
decreasing sall4 level and
increasing Bax level.

(continued on next page)
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Salvia species

Concentration tested/
dose administered

Study model (cell lines or animal
models)

Pharmacological effects

References

DHTS

Rosmarinic acid

Manool

125 and 250 mg/kg.bw
for in vivo study

1.25-5 pM and 10 mg/kg
b.w.

4-16 mg/kg b.w

0.5-2.0 pg/ml (for in
vitro genotoxicity test),
0.5-4 pg/ml for ex vivo
NO synthesis test,
1.25-20.0 mg/kg bw for
in vivo genotoxicity
assay, and 0.3125-5.0
mg/kg bw for ACF assay

SW620 cells for cell culture study
and male albino rat for in vivo
study

EOMA cells and mice

Male Wistar rat models

V79 cells (for in vitro genotoxicity
test), macrophages (for LPS-
induced NO synthesis), rats (for
ACF assay) and mice (for in vivo
genotoxicity assay)

Inhibited proliferation of
SW620 cells (ICsq value =
70 pM) via reduction in p-
ERK/ERK and p-AKT/
AKT ratios by 51 and
24.8% respectively.
Treatment of rats with
125 and 250 mg/kg.bw of
chrysin for 8-16 weeks
inhibited DMH-induced
tumorigenesis by
reducing CYP2E] level
(by 7.7 and 45%,
respectively) MDA level
(by 32.7 and 35.3%,
respectively), NO level
(by 22.8 and 31.4%,
respectively), CXCL1
level (by 27.7 and 55.6%,
respectively), AREG level
(by 21 and 27.4%,
respectively), and MMP-9
level (by 21.33 and 47%,
respectively), as well as
increasing GSH level (by
67.3 and 188.5 %,
respectively).

At1.25and 2.5 pM, DHTS
inhibited the ability of
EOMA cells to align and
form tubes through
reduction in expression of
VEGFR2 and MMP-9 by
28.2% and 77%,
respectively. At 10 mg/kg
bw, DHTS also depressed
the expression of VEGFR2
and MMP-9 in mice.

For 4, 8 or 16 mg/kg bw.
treatments, there were
respective reductions in
DNA damages by 55.2,
55.4 and 49%, and
reductions in ACF
formation in the distal
colon by 62.7, 65.4 and
59.5%.

At 0.5 pg/ml, manool
depressed DXR-generated
micronuclei formation in
V79 cells by 64.54%); at
0.5 and 1.0 pg/ml,
manool inhibited
hydrogen peroxide-
induced micronuclei
formation in V79 cells by
37 and 40% respectively
and also suppressed LPS-
induced NO synthesis in
macrophages by 15.0%
and 21.6% respectively.
At 0.3125-5.0 mg/kg
b.w. dose rage, manool
reduced ACF formation in
rats by 59.7-84.7% and
reduced DXR-induced
chromosomal damage in
mice by 79.5% at 1.25
mg/kg b.w.

[60]

[84]

[59]

[25]

Abbreviations: N.D = not defined; DHTS = 15,16-Dihydrotanshinone I; DCM = dichloromethane; PDE = petroleum ether, dichloromethane and ethyl acetate sub-
fraction; NO = nitric oxide; LPS = lipopolysaccharides; MMP = mitochondrial membrane potential; TBARS = thiobarbituric acid reactive substance; SOD = superoxide
dismutase; GSH = reduced glutathione; ROS = reactive oxygen species; AOM = azoxymethane; ERK = extracellular signal-regulated protein kinase; AKT = protein
kinase B; VEGFR2 = vascular endothelial cell growth factor receptor 2; LDH = lactate dehydrogenase; CAT = catalase; ACF = aberrant crypt foci; DNA = deoxy-

ribonucleic acid; DXR = doxorubicin; NF-kB = nuclear factor kappa B; mTOR = mammalian target of rapamycin.
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mutated DNA sequences) of mucosal cells [49]. Although these results
interestingly suggest that more research efforts are needed to clarify the
plant's phytoconstituent(s) responsible for the cancer-protective proper-
ties which are potential candidates for cancer prophylaxis, the study fails
to compare the effects of the plant tea with known anticancer agent(s).
On the other hand, the use of the leaves as an herbal tea in the experiment
may be to mimic the traditional application of the whole leaves, either as
part of dishes or boiled for nutritional and medicinal purposes. This will
allow synergistic and combinatorial interaction of the phytochemicals in
the herbal tea compared to when the phytochemicals are taken alone.

2.2. Suppression of proliferation via induction of apoptosis or necrosis

Apart from being able to limit DNA damages that cause malignancy,
extracts of Salvia spp and their phytochemicals have been credited with
selective suppression of proliferation of malignant cells in in vitro and in
vivo studies, by inducing apoptosis, necrosis and cell cycle arrest as dis-
cussed below.

In vitro cytotoxicity of crude extracts of Salvia species and their
solvent fractions: The hydro-ethanol extract of S. chorassanica roots,
stem and leaves reduced the proliferation of AGS and MKN-45 cancer
cells, with highest cytotoxicity observed when AGS cells were treated

30.90,0,
R i e

Cell cycle

—— =activation
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with the roots extract (ICsg = 9.262 pg/ml) [22]. The petroleum ether,
dichloromethane and ethyl acetate (PDE) sub-fractions of methanol ex-
tracts of S. chloroleuca roots showed cytotoxicity against human breast
adenocarcinoma (MCF-7) and prostate (PC-3) cell lines, with ICsg values
ranging from 24.19 to 47.15 pg/ml, which were however, less active than
the reference anticancer agent, DRX (ICso = 2.78 and 2.49 pg/ml for
MCF-7 and PC-3, respectively) [64]. Notably, the PDE sub-fractions
induced apoptosis in PC-3 cells, as indicated by increase in sub-G1
peaks in flow cytometry histograms; with dichloromethane (DCM)
sub-fraction achieving this by increasing the Bax/Bcl-2 ratio by 650%
compared to negative control, and cleaving poly (ADP-ribose) polymer-
ase (PARP). Overexpression of PARP has been shown to contribute to the
promotion of carcinogenesis and survival of cancer cells, hence, its in-
hibition is a major current target of managing ovarian [65], prostate,
breast [66], renal [67], pancreatic [68], and other cancers. Hence, phy-
tochemicals responsible for the above bioactivity by PDE sub-fractions
should be isolated via activity-guided fractionation and should be
further explored as broad-spectrum anticancer entities.

In a related study, petroleum ether sub-fraction of methanol extract of
S. atropatana root and a mixture of two O-naphthoquinone-containing
isomers (saprorthoquinone and aethiopinone) isolated from it were
cytotoxic against PC-3 cells with ICso values of 8.83 and 8.73 pg/ml,

Phytochemicals from Salvia spp

® or lll = suppression

Figure 1. Proposed mechanisms of anti-cancer activities of phytochemicals from Salvia spp. 1) Induction of plasma membrane permeabilization in cancer cells; 2)
Reduction of anti-oxidant status of cancer cells and suppression of angiogenesis and metastasis markers; 3) Elevation of ROS in cancer cells; 4) Induction of MOMP; 5)
Suppression of ATP production. Phytochemicals from Salvia spp induce plasma membrane permeabilization in cancer cells, leading to death by necrosis. They also
elevate ROS production, leading to activation of p53, which induce cell cycle arrest and senescence via p21. P53 also induce the intrinsic apoptotic pathway via
upregulation in expression of BH3-only molecules (e.g. PUMA and Noxa). BH3-only molecules elevate the levels of pro-apoptotic molecules (Bax and Bak) and depress
the levels of anti-apoptotic molecules (Bcl-2). Induction of MOMP by Bax and/or Bak lead to release of cytochrome C, leading to apoptosis. Induction of MOMPS also
leads to ATP depletion (suppression of ATP production), which can lead to death by necrosis. Salvia spp phytochemicals also suppress the levels of anti-oxidant
molecules in cancer cells, allowing membrane lipids' peroxidation (which can also activate p53 to bring about cell death). Salvia spp phytochemicals also suppress
angiogenesis and metastasis markers. Abbreviations: ROS = Reactive oxygen species; MOMP = Mitochondrial outer membrane permeabilization; ATP = Adenosine
triphosphate; CDK 1 = Cyclin-dependent kinase-1; APAF-1 = Apoptosis protein activating factor-1; Bax = Bcl-2-associated X protein; Bak = Bcl-2 homologous
antagonist/killer; BH-3 = Bcl-2 homology 3; PUMA = p53 upregulated modulator of apoptosis.
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respectively through induction of apoptosis [69], suggesting that the
isomers accounted for majority of the cytotoxic activity of the petroleum
ether sub-fraction. Although DXR was more effective (IC5o = 4.03 pg/ml)
than the herbal materials, the safety concerns of DXR makes the herbal
products credible for further development as potential alternatives.

In a recent study by Balaei-Kahnamoei et al. [24], the n-hexane
sub-fraction of methanol extracts of aerial parts of S. macrosiphon was
cytotoxic against A549, MCF-7, and MDA-MB-231 cancer cells with ICsq
values of 20.89, 10.24 and 20.98 pg/ml, respectively. The reported ac-
tivity of the sub-fraction was similar to the reference anticancer drug,
etoposide against A549 and MDA-MB-231 with ICs( values of 16.58 and
20.30 pg/ml, respectively, and higher than etoposide against MCF-7
(with ICso value of 22.08 pg/ml). Despite this interesting cytotoxicity,
the sub-fraction has low therapeutic value as it was also toxic to normal
human dermal fibroblast (HDF) with low ICsq value of 26.90 pg/ml.
However, 13-epimanoyl oxide (EMO), among other compounds isolated
from this sub-fraction, displayed cytotoxicity against A549, MCF-7, and
MDA-MB-231 cells (ICsp = 11.40, 9.29 and 13.09 pg/ml, respectively),
while having minimal effects on normal human dermal fibroblast (HDF)
cell lines with an ICsq value of 337.58 pg/ml. Interestingly, the cytotoxic
effects of EMO against the above cancer (A549, MCF-7, and
MDA-MB-231) cells were stronger than that of etoposide (ICsg = 16.58,
22.08 and 20.30 pg/ml, respectively). Based on its higher therapeutic
index (lower toxicity to HDF) compared with etoposide (ICso = 92.70
pg/ml against HDF), EMO should be further explored as an important
candidate for nutraceutical intervention for cancer management.

A study showed that exposure of PC-3 cells to dichlor-
omethane:methanol extract of S. rosmarinus leaves reduced the prolifera-
tion (ICso = 19.72 pg/ml) and induced apoptosis (increased the level of
PARP cleavage by 75% compared to control), without substantial effect on
the viability of normal PNT1A cells even at 150 pg/ml, emphasizing the
selectivity of the extract against cancerous cells [27]. At 50 pg/ml, the
extract proved more effective than 10 nM of docetaxel and paclitaxel
which served as reference cytotoxic agents, further buttressing the nutra-
ceutical usefulness of the plant for cancer chemoprevention and therapy.
Similarly, DMSO extract of S. rosmarinus leaves inhibited the proliferation
of 184-B5/HER cells (IC59p = 4.6 pg/ml) by inducing apoptosis (increased
Bax/Bcl-2 ratio by 225% compared to negative control) and cell cycle
arrest at G1 and G2/M phases [70]. On the other hand, Pérez-Sanchez et al.
(2019) reported that cell death in HGUE-C-1, SW480, and HT-29 cells
exposed to S. rosmarinus leaves extract was due to necrosis resulting from
elevation of ROS generation, loss of mitochondrial membrane potential
(MMP) and loss of plasma membrane integrity. Thus, cell death induced in
cancer cells by Salvia spp extracts and their phytochemicals involves
different mechanisms, including necrosis and apoptosis.

In vitro cytotoxicity of phytochemicals isolated from Salvia spe-
cies: Eghbaliferiz et al. (2018) isolated four quinones from dichloro-
methane sub-fraction of methanol extracts of S. tebesana roots, among
which aegyptinone A and tebesinone B were cytotoxic against MCF-7,
melanoma (B16F10), PC-3, and colon (C26) cancer cells by unknown
mechanisms, with PC-3 being most susceptible with ICsq values of 1.24
and 3.22 pg/ml for aegyptinone A and tebesinone B, respectively. The
anticancer activities of these phytochemicals were lower than DRX which
was cytotoxic against MCF-7, B16F10, PC-3 and C26 with ICs, values of
1.01, 0.40, 1.08 and 0.15 pg/ml respectively). Phytochemicals such as
ferruginol (FRG), taxodione (TXD), sahandinone, 4-dehydrosalvilimbinol
and labda-7,14-dien-13-01 were isolated and characterized from
dichloromethane roots extracts of S. lachnocalyx, another important
Salvia spp used for making dishes in Asia [72]. Interestingly, all the
compounds, by unknown mechanisms, displayed cytotoxicity against
acute lymphoblastic leukemia (MOLT-4), colorectal adenocarcinoma
(HT-29) and human breast cancer (MCF-7) cells, with taxodione and
sahandinone being most active (ICsy values ranging from 0.41 to 3.87
pg/ml), and also slightly more effective than the reference anticancer
agent, cisplatin, except against MCF-7 (cisplatin ICs5y values against
MOLT-4, HT-29, MCF-7 cells were 0.75, 3.41 and 1.7 pg/ml,
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respectively). Understanding the molecular mechanisms via which the
extract and its phytochemicals inhibit the proliferation of cancer cells
will increase the likelihood of their exploitation for nutraceutical appli-
cation in cancer prevention and management; hence, future study should
clarify the mechanisms via which the herbal drugs act.

In another study, TXD (30 pM) totally inhibited the proliferation of
BCR-ABL-positive K562 cells by inducing apoptosis via intracellular ROS
generation (at 10 uM, TXD increased ROS generation by 120% compared
to negative control) [73]. Notably, TXD was more effective than the
reference anticancer agent, imatinib. Comparatively, at 20 pM, imatinib
reduced viability by 40% which was lower than over 80% reduction in
viability recorded when BCR-ABL-positive K562 cells were exposed to
same concentration of TXD [73]. FRG inhibited the proliferation of MCF-7
cells (ICs5p = 7.06 pg/ml) through induction of apoptosis by increasing the
expression of caspases-3 by 340% and caspase-9 by 225% and increasing
intracellular ROS generation by 271.4% in the cancerous cells. It reduced
the expression of NF-xB (a signaling protein that is involved in the pro-
liferation, survival, angiogenesis, and metastasis of cancerous cells) by
65%, and levels of MMP by 62.5% and antioxidant proteins (SOD, CAT and
GSH were reduced by 72, 68.4 and 72%, respectively), causing the
oxidation of membrane-bound lipids, as shown by the elevation of thio-
barbituric acid reactive substance (TBARS) level by 400% [74]. In
SK-Mel-28 cancer cells, FRG induced cytotoxicity (ICsy = 50.03 pg/ml)
through the induction of caspase-3 (at IC;s, FRG raised caspase-3 level by
700%)-mediated apoptosis via phosphorylation of p38 protein and trans-
location of NF-kB into the nucleus [75]. However, these studies failed to
compare the activity of FRG and known anticancer agent(s), limiting the
clinical interpretation of the findings. A subsequent investigation showed
that diterpenoids such as 15-deoxyfuerstione, horminon, microstegiol, and
14-deoxycoleon U isolated from S. lachnocalyx inhibited K562 and MCF-7
cells (ICs5p values ranging from 2.63-11.83 pg/ml) by inhibiting topo-
isomerase I activity comparable with cisplatin [76]. Interestingly, 14-deox-
ycoleon U gave better inhibitory activity against K562 and MCF-7 cells
(ICsp values = 2.63 and 2.7 pg/ml, respectively) than cisplatin (IC5¢ = 2.91
and 12.49 pg/ml, respectively).

Another potential anticancer candidate from Salvia spp is chrysin. The
phytochemical was reported to be cytotoxic against ES2 (ICss = 5.89 pg/
ml) and OV90 (ICy5 = 29.43 pg/ml) cancer cells by inducing apoptosis
through the reduction of MMP level by 350 and 50%, respectively, while
increasing cytoplasmic Ca®' level by 550 and 275%, respectively, and
ROS generation by 450 and 120%, respectively [77]. The induction of
apoptosis through intracellular ROS generation by chrysin was also
observed by Lima [78] against RT4, 5637 and T24 cells (ICso = 107.6,
82.8 and 104.9 pM, respectively). In several other studies, chrysin
inhibited the proliferation of CT26 cells (ICso = 80 pg/ml via elevation in
caspases-3 and 9 activities by 97.9 and 126.7%, respectively) [79],
SW620 cells [ICso value = 70 pM via reduction in levels of phosphory-
lated extracellular signal-regulated protein kinase (ERK) and protein ki-
nase B (AKT) by 51 and 24.8%, respectively] [60], MKN-45 cells (ICso =
80 uM via increased Bax/Bcl-2 ratio and expression of ten-eleven trans-
location 1 (TET1) enzymes by 167%) [80] and also synergized with
5-fluorouracil (5-FU) (40 pM/20 pM or 50 pM/25 pM of chrysin/5-FU
respectively) to induce cell cycle arrest at the G2/M phase and
apoptosis (via decrease in AKT phosphorylation and upregulation of p21
expression) in 5-FU-resistant AGS/FR cells [81].

In vivo anticancer activities of Salvia species via inhibition of
tumor growth: Apart from inhibition of growth and killing of cancerous
cells in vitro, extracts and phytochemicals of Salvia spp have also been
demonstrated to suppress tumor growth in animal models. The oral
administration of 200 mg/kg bw. of S. rosmarinus extract (RE) to athymic
mice infected with HT-29 cells reduced tumor volume by 34.1% (if RE
was administered 2 weeks before and for another 5 weeks after HT-29
cells injection) and by 27.5% (if RE was administered for 5 weeks only
after HT-29 cells injection) [71]. Similarly, a 2-week gavage adminis-
tration of chrysin at 20 mg/kg bw inhibited tumor growth (decreased
tumor volume by about 20%) in nude mice infected with MKN-45 cells by
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inducing about 50% upregulation of expression of TET1 enzymes [80].
Furthermore, 2-week oral administration of chrysin at 8 and 10 mg/kg
bw to mouse models infected with CT-26 cells resulted in about 21 and
37% reduction in tumor volume respectively by decreasing sall4 level
and increasing Bax level [79]. It is possible that the doses of chrysin
administered are sub-effective doses (lower than what is needed to
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totally inhibit tumor growth); hence, further study should clarify the
clinical effectiveness of using higher but safe doses of chrysin to prevent
tumor growth. The lower in vivo anti-tumor activity of chrysin, compared
to its in vitro activity, suggest that the phytochemical may have poor
bioavailability and biostability. The poor bioavailability agrees with the
findings that chrysin is easily metabolized by detoxification via

Table 2. Antiviral activities of extracts of Salvia species and their phytochemicals.

Salvia species Virus Cell culture, Study Assay Duration of treatment/ Activities (ICs50/ECso) References
model Incubation time
Salvia cyanescens Boiss. & HSV-1 MDBK and Vero cell cytopathogenic effect 48 h 16-1.0 mg/ml against [101]
Balansa PI- 3 lines (CPE) concentrations both HSV-1 and PI-3
Salvia dentata HIN1 MDCK cells plaque reduction assay 108 h 93% [16]
(PRA)
Salvia microstegia Boiss. &  HSV-1 MDBK and Vero cell cytopathogenic effect 48 h 16-1.0 mg/ml against [101]
Balansa PI- 3 lines (CPE) concentrations both HSV-1 and PI-3
Salvia cedronella Boiss H7N7, H3N2,HSV-1 & MDCK and MDBK Cytopathogenic effect 24 h 0.30 mg/ml (H7N7), 0.60 [107]
HSV-2 cells (CPE) reduction assay mg/ml (H3N2), 0.60 mg/
ml (HSV-1) & 0.50 mg/ml
(HSV-2)
Salvia desoleana Atzei Acyclovir sensitive (AS) Vero, (ATCC CCL- HSV inhibition assay 2h 23.72 pg/ml (AS) 28.57 [104]
and Acyclovir resistant 81), the epithelial Tim of Addition Assay ug/ml (AR)
(AR) strains cell lines Hep-2 Virus inactivation assay
HSV-2 (ATCC CCL-23) and
A549 (ATCC CCL-
185)
Salvia fructicosa Mill. HSV-1 Vero cells plaque assay 48 h 0.2% oil fraction inhibits [100]
80 % PFU
0.1% thujone inhibits
95% PFU
Salvia limbata C.A.Mey. HSV-1 and HSV-2 MDCK and MDBK Cytopathic effect (CPE) 48-72 h 0.12 (mg/ml) (HSV-1) & [102]
reduction assay. 0.05 (mg/ml) (HSV-2)
The 50% end point
titration technique
(EPTT)
Salvia miltiorrhiza EV71 Vero, MRC-5 & Plaque Assay, Cytopathic 3h 0.742 mg/ml (SA1) [125]
Bunge rhabdomyosarcoma Effect Test & MTT Assay 0.585 mg/ml (SA2)
cells
Salvia miltiorrhiza EV71 COS-1 cell line Cytotoxicity & Anti-EV71 48 h MLB ICsq value -0.09 mM [126]
Bunge infection assays - TI value: 10.52
RA ICs value: 0.50 mM
- TI value: 2.97
Salvia officinalis L. HSV-1 WISH human amnion  reduction of CPE 5h 199.0 pg/ml [127]
epithelial cells
Salvia officinalis L. HSV-1 Vero cells inhibition of plaque 48 h 1.41-1.88 pg/ml [128]
formation
Salvia officinalis L. HSV-1 and HSV-2 RC-37 cells Reduction in plague 72h 0.18 pg/ml (HSV-1) & [103]
formation assays 0.04 pg/ml (HSV-2)
Salvia officinalis L. H5N1 MDCK cells Plaque reduction assay 72h (ICsp) 0.41 pg/ml [23]
Salvia plebeian R.Br. HIN1 MDCK cells Cytopathic Effect (CPE) 24 h 6.58-11.67 pg/ml [106]
Inhibition Assay
Salvia plebeian R.Br. RSV RPMI 1640 culture MTT [3-(4,5- 48 h 60 % lung index [17]1
solution dimethylthiazol-2-yl)- inhibition ratio with high
2,5-diphenyltetr-azolium dose High-dose (17.6 mg/
bromide] assay 20 g/d) of treatment
Time-of-addition assay
Salvia sclarea L. HIN1 MDCK cells Cytopathic effect (CPE) 48 h CPE inhibition of 52% [108]
reduction method. greater than the standard
drug oseltamivir, with no
cytotoxicity at a
concentration of 100 pg/
ml
Salvia sclarea L. (H7N7) MDCK and MDBK Cytopathic effect (CPE) 48-72h 0.13 (mg/ml) (H7N7) [102]
(H3N2) cells reduction assay. 0.13 (mg/ml) (H3N2)

The 50% end point
titration technique
(EPTT)

Abbreviations: Herpes simplex (type-1) (HSV-1); parainfluenza (type-3); chicken influenza virus (H7N); human influenza virus (H3N2); Enterovirus 71 (EV71); avian
influenza virus H5N1; respiratory syncytial virus (RSV); Madin-Darby bovine kidney (MDBK) cell lines; Madin-Darby canine kidney (MDCK); African green monkey
fibroblastoid kidney cells (Vero cell).
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Figure 2. Structures of some compounds from Salvia spp with anticancer and antiviral properties. Key: Green colour represents carbon chain, red colour represents
oxygen atom, blue colour represents nitrogen atom while white colour represents hydrogen atom. Vitamin C (1), Rosmarinic acid (2), Rosmarinic acid methyl ester
(3), Manool (4), Chrysin (5), Saprorthoquinone (6), Aethiopinone (7), Epimanoyl oxide (8), Ferruginol (9), Taxodione (10), Sahandinone (11), 4-Dehydrosalvilimbi-
nol (12), 15-Deoxyfuerstione (13), Horminon (14), Microstegiol (15), 14-Deoxycoleon (16), 15,16-Dihydrotanshinone I (17), 13-Epimanoyl oxide (18), Rutin (19),
Luteolin (20), 6-Hydroxyluteolin 7-O-p-d-glucoside (21), Nepitrin (22), Homoplantaginin (23), Hispidulin (24), Nepetin (25), Lactic acid (26), Caffeic acid (27),

Salvianolic acid (28) & Cappariloside A (29).

glucuronidation and sulfonation to its metabolites that are effluxed by
mainly anion transporters [82]. Hence, further study should explore
measures to improve the bioavailability of chrysin by incorporating the
flavonoid into carrier molecules that will increase the transepithelial
transport and by extension, its biological activities.

In vitro and in vivo anticancer properties of Salvia species via
inhibition of angiogenesis, invasion and metastasis: Tumors have
been described as benign- if they remain localized at their origins, or as
cancerous/malignant- if they metastasize to other sites in the body;
localized tumors are generally easier to treat via surgery and radio-
therapy than tumors that spread, which require systemic treatments [83].
Solvent extracts of Salvia spp and their chemical constituents have been
credited with anti-metastatic effects. They inhibited metastasis by,
among other mechanisms, suppressing the activities of enzymes involved
in degradation of extracellular matrix, suppressing the migration of cells
and/or by depressing the expression of growth factors and receptors
needed for formation of new vessels [60, 71, 74, 80, 84]. In an in vitro
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study involving endothelioma (EOMA) cell line, treatment with 1.25 and
2.5 pM of 15,16-dihydrotanshinone I (DHTS), a tanshinone isolated from
S. miltiorrhiza roots inhibited the ability of EOMA cells to align and form
tubes by 30.77 and 75.4%, respectively [84]. In an in vivo study by the
same researcher, DHTS (10 mg/kg bw, i.p.) depressed the expression of
vascular endothelial cell growth factor receptor 2 (VEGFR2) and matrix
metalloproteinase 9 (MMP-9) by ten folds higher than propranolol (a
commercial drug used in treating infantile hemangiomas) [84]. Salvia
rosmarinus extract (RE) significantly suppressed the migration of cultured
HGUE-C-1, HT-29 and SW480 cells [71]; it inhibited migration of
HGUE-C-1 cells by 28.8 and 66.1%, respectively, HT-29 cells by 22.1 and
92.5%, respectively and SW480 cells by 5.6 and 76.7%, respectively at
concentrations of 30 and 40 pg/ml. In PC-3 cells, RE was shown to inhibit
cellular migration by 48% through the reduction in mRNA expression of
AKT and mTOR by 27% and 40%, respectively, and their phosphoryla-
tion by 70% and 65%, respectively [27], suggesting that RE inhibit the
migration of the cancer cell by modulating PI3K/AKT/mTOR signaling
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pathway [85]. This is because PI3K/AKT/mTOR signaling pathway has
been implicated in development and progression of many cancer cells
[86, 87, 88, 89], making it a good target for new anticancer agents in
pipeline such as coptisin [90], zingerone [91], mangiferin [92], erianin
[93], melatonin [94, 95] and rapamycin [96]. A similar result, although
not compared with any reference anticancer agent, was reported in
another in vitro study, where chrysin, at 40 pM (less than the toxic dose of
80 uM) elevated TET1 expression in MKN-45 cells by 61.54%, thereby
reducing the cells’ migration and invasion by about 44 and 72%,
respectively [80].

In experimentally-induced colorectal cancer (induced by subcutane-
ous injection with 40 mg/kg bw of DMH for 16 weeks) in rats,
concomitant subcutaneous injection of chrysin for an average of 8 weeks
(week 8-16) reduced the level of metastasis markers, including chemo-
kine (C-X-C motif) ligand 1 (CXCL1), MMP-9 and the epidermal growth
factor receptor, amphiregulin (AREG) [60]. At 125 and 250 mg/kg.bw,
chrysin reduced the levels of CXCL1 by 27.7% and 55.6%, respectively,
AREG by 21% and 27.4%, respectively, and MMP-9 by 21.33% and 47%,
respectively, compared to those injected with DMH alone. Chrysin was
however, less effective than daidzein; 5 and 10 mg/kg.bw daidzein
reduced the levels of CXCL1 by 39% and 55.6%, respectively, AREG by
26% and 32.4%, respectively, and MMP-9 by 45.4% and 64.4%,
respectively in DMH-injected-daidzein-treated rats compared to those
injected with DMH alone.

Generally, the available literature indicates that Salvia spp are res-
ervoirs of chemicals that are good candidates for nutraceutical and drug
development for cancer treatment; however, it is noteworthy to mention
that the clinical interpretation of some of the studies reviewed such as
Balaei-Kahnamoei et al [24], Eghbaliferiz et al. [19]; and Mirzaei et al.
[72] among others are limited due to deficiency of mechanisms behind
the reported biological activities. Additionally, some had poor study
designs such as lack of positive controls (reference anticancer drugs) to
enable proper comparison of the anticancer activities of the herbal sub-
stance with that of known anticancer agent(s). Table 1 summarizes the
anticancer activities of extracts of Salvia spp and their phytochemicals
while Figure 1 shows the mechanisms through which Salvia spp and their
phytochemicals inhibit the growth of and/or kill cancer cells.

2.3. Application of Salvia species in viral infection

Virus particles are very recalcitrant and their resultant health chal-
lenges and fatality rates have caused several global panics expressed as
epidemics, endemics, and pandemics. Several approaches towards
combating viral infections with their different levels of efficacies have
been reviewed [97]. Moreover, the use of natural products such as plant
phytochemicals have been reported to be very attractive because of their
minimal cytotoxicity to the host cells, while effectively combating viral
infection [98]. Out of the brimming bioactivities that have been identi-
fied in several plant species in genus Salvia, their interesting antiviral
properties reported in a few studies are yet to be fully harnessed [99].
This session presents an up-to-date review of studies on Salvia spp that
have successfully been identified to be potent against a number of viral
particles. Suggestions were made on the potential application of Salvia
spp in combating global threats of viral pandemics such as the current
SARS-CoV-2 pandemic.

An earlier study on S. fructicosa reported the antiviral potency of its
essential oils on Herpes simplex virus 1 (HSV-1) with a 0.2% of the oil
fraction concentration inhibiting 80% plaque forming unit (PFU) of the
virus [100]. The study identified and characterized thujone as the
interesting antiviral phytochemical present in S. fructicosa, and on anal-
ysis for anti-HSV-1 activities, 0.1% of thujone concentration successfully
inhibited 95% PFU of HSV-1 [100]. Other studies have shown chloro-
form extract of S. cyanescens and S. microstegia leaves [101], methanolic
extract of S. limbata leaves [102], and 20% ethanol extract of S. officinalis
[103] to effectively inactivate HSV-1, at doses which are not cytotoxic to
normal cells. A more recent study characterized the essential oil fraction
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of Salvia desoleana Atzei and discovered linalyl acetate, alpha terpinyl
acetate, and germacrene D as its component with potent antiviral prop-
erties against acyclovir sensitive (AS) and acyclovir resistant (AR) strains
of herpes simplex virus-2 (HSV-2) [104]. Among the isolated compounds
from the essential oil, only B-caryophyllene was shown to exhibit sub-
stantial anti-HSV-1 activity (ECso = 5.02 pg/ml) [104].

Endemic viral strains of influenza virus such as the avian strain
(H7N7), the human influenza stain (H3N2), and the HIN1 strain, which
have caused several epidemics in the world, with challenging level of
genetic drifts have been reported to be managed in vitro with extracts of a
number of Salvia spp [23, 105, 106]. Specifically, methanol extracts of
S. sclarea and S. cedronel reduced H7N7/H3N2 influenza virus
strains-induced cytopathy on Madin-Darby canine kidney (MDCK) cells
[102, 107]. Similarly, recent studies reported that the methanol extract
of S. plebeian and the essential oil from S. dentate inhibit the HIN1 strain
of influenza virus (reducing plaque formation by 93% at 11.18 mM) [16,
106]. Moreover, characterization of essential oils fraction of Salvia
sclarea flower identified p-myrcene, linalool, a-terpineol, cinnamalde-
hyde, linalyl acetate and geranyl acetate as the major component which
was responsible for the 52% higher HIN1-CPE inhibition compared to
the standard drug, oseltamivir [108]. Other strains such as the avian
influenza H5N1 virus were reported to have been inactivated by camphor
and o-thujone component of the essential oil fraction of Salvia officinalis
L. [23]. Lastly, polysaccharide fractions of S. plebeia demonstrated potent
inhibitory activities against cultured respiratory syncytial virus (RSV)
with therapeutic index of 123 relative to 141 by ribavirin that served as
reference anti-RSV. In experimentally-induced RSV infection in mice,
intragastric administration of polysaccharide fraction of S. plebeia (17.6
mg/20 g/d) for one week gave 60% lung index inhibition ratio, and
suppressed viral load and prevented RSV-induced lesions in the lung
tissue by inhibiting the mRNA expression of toll-like receptors (TLR-3
and TLR-4) lungs [17]. The polysaccharide fraction also up-regulated
anti-inflammatory signal mediators, IFN-y and IL-2 expression in mouse
serum while the expression of pro-inflammatory signal molecule, TNF-«
was down-regulated suggesting that the herbal material does not only
inhibit the viral replication but suppress immune system's overactivity in
response to the viral infection leading to the damages seen in lungs and
other tissues of RSV-infected persons.

Due to the valuable antiviral activities of some Salvia spp, several
patents have been filed in the past to protect intellectual properties
for discoveries of novel compounds and extracts of Salvia spp with
interesting inhibitory activities against a number of viral diseases.
Han and Lee [109] successfully filed two patents for salvianolic acid
and its conjugated compounds from both S. officinalis and S. vunnanensis
with remarkable anti-retroviral properties (US6043276A and
WO01998024460A1). The novel p-(3,4-dihydroxyphenyl) lactic acid
and/or caffeic acid isolated from S. officinalis was demonstrated to inhibit
the integrase activities of HIV-1 when conjugated under alkaline condi-
tion, even at a concentration of less than 1 pg/ml [110]. Several conju-
gations and polymerization of p-(3,4-dihydroxyphenyl) lactic acid
and/or caffeic acid which resulted in active formulation were present in
the patent document (US6043276A). Moreover, the aqueous extract of
S. vunnanensis with anti-integrase activities against many retroviruses
was also patented recently [111].

Salvia spp-derived phenolic compounds such as chrysin and Cappar-
iloside A have been demonstrated to elicit antiviral activities against a
handful of viruses. For example, chrysin has been demonstrated, using in
vitro experiments, to suppress influenza viruses HIN1 and H3N2, PIV3,
ADV, influenza A/Puerto Rico/8 HIN1, enterovirus 71 (EV71) and cox-
sackievirus B3 (CVB3) replication through the inhibition of viral 3C
protease activity [112, 113, 114, 115]. Other phenolic acids from the
aerial parts of Salvia plebeia R. Br including 6-hydroxyluteolin
7-0-p-d-glucoside, nepitrin, homoplantaginin, hispidulin, nepetin, ros-
marinic acid methyl ester and luteolin were demonstrated to exhibit
anti-influenza A virus effect by inhibiting the activity of HIN1 neur-
aminidase, the viral enzyme that hydrolysis sialic acid in host's



C.A. Ezema et al.

respiratory tract [116, 117]. For more information on other phyto-
chemicals isolated from Salvia miltiorrhiza, Salvia cedronella, and Salvia
plebeia R. Br with antiviral properties, see the recent reviews [17, 118,
119].

Generally, the antiviral potential of phytochemicals from Salvia spp
has been underexploited. The results of the studies reviewed, taken
together showed that the plant species have great promise in the pre-
vention and management of respiratory viral infections such as the
diverse strains of influenza virus, parainfluenza virus and respiratory
syncytial virus (RSV) [17, 101, 108]. The ongoing COVID-19 pandemic,
caused by SARS-CoV-2, have distorted virtually a lot of global activities
[120], demanding concerted solutions. Several studies and reviews
have compared the etiology and symptoms of SARS-CoV-2 with other
known respiratory viral diseased conditions. Since there is a wealth of
evidence about the therapeutic potentials of phytoconstituents of Salvia
spp, against several strains of respiratory viruses who share close
relationship with SARS-CoV-2 [121], there are possibilities that the
world solutions to the prevent or manage COVID-19 pandemics might
be encrypted in Salvia plants. A few studies have shown that some
phytochemicals from different Salvia spp are potent anti-COVID drug-
gable molecules [21]. For example, three salvianolic acids, salvianolic
acid A, salvianolic acid B, and salvianolic acid C, isolated from
S. miltiorrhiza was reported to inhibits SARS-CoV-2 entry by binding in
the interface between the RBD of the SARS-CoV-2 and the ACE2 re-
ceptors, hence, inhibiting entry to the viral entry [122]. Other studies
have reported that S. officinalis plays a potent inhibitory role against
SARS-CoV-2 and have potential applicability in the manufacture of
Unani hand sanitizers [21, 123]. Recently, phytochemicals of Salvia
spp-origin such as phenolic compound, rutin and a benzoylated
monoterpene glycoside, plebeioside B have been shown inhibit
SARS-CoV-2 protease, indicating potential application in managing
COVID-19 replication [124]. There is a need for more studies to unravel
the unexploited antiviral nuggets encrypted in different species of
genus Salvia. Table 2 summarizes the antiviral activities of extracts of
Salvia spp and some of their phytochemicals while Figure 2 presents the
structures of some compounds from Salvia spp with anticancer and
antiviral properties.

3. Conclusions

Many plants in genus Salvia are traditionally used as vegetable for
making dishes by Asians due to the believed health-promoting potentials.
Solvent extracts of some of the plants and their phytochemicals have
been documented to offer some health benefits, including anticancer and
antiviral properties, among others. Specifically, chrysin, taxodione and
ferruginol are the most outstanding chemicals from the species with
broad-spectrum activities against initiation, progression and survival of
many cancer cells, making them good candidates for nutraceutical and
drug development for cancer prevention and treatment. On the other
hand, the antiviral activities of the species and their phytochemicals such
as rosmarinic acid, thujone and linalool are highly underexploited,
demanding further studies to elucidate the chemicals responsible for the
broad-spectrum antiviral activities of the extracts of the species. It is also
important to state that majority of the studies were carried out in vitro
and ex vivo, creating a question on how biostable and bioavailable are the
extracts or their phytochemicals when orally ingested? Hence, future
studies should focus on animal and human studies to explore the clinical
applicability of the findings. In addition, the molecular mechanisms
through which the extracts and their phytochemicals elicit the health
benefits were not investigate in many of the studies reviewed, limiting
their practical usefulness. Hence, future studies should investigate the
molecular mechanisms of action of these extracts and their phytochem-
icals, and compare their biological activities with known reference drugs.
Finally, some of the studies failed to use the taxonomically accepted
names of the plants; hence, future researchers should sort the help of
experts in taxonomy for proper identification and authentication of the
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plants, and compare the information with features in standard plant
databases.
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