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ABSTRACT * More than one active compound present in SOLE could have been responsible
Aim: Need for novel agents that fight oral squamous cancer is on for the anticancer effects, which needs further elucidations.

constant demand. The current study aims in the identification of active

phytochemical ingredients from Salvia officinalis leaf extract (SOLE) and S""""'”m""""""“'

evaluation for anticancer properties in oral squamous carcinoma cells. w

Materials and Methods: Soxhlet method was used for SOLE extraction. MTT Assay

Phytochemical tests and thin-layer chromatography (TLC) were performed > Cells nﬁg,a.i.,,. &
for active compounds identification. Oral squamous cancer cells (SSC-15 Ethnolic extraction of plant’s leaves g ol of

and SSC-25) were used to assess anticancer efficacy. MTT analysis was
utilized for the viability of cells. The utilization of flow cytometry was done
to assess the changes in cell cycle and apoptosis induction. Western
Blotting method was used to analyze the expressions of apoptotic protein.
Results: Preliminary phytochemical screening showed the presence of
sterols, flavonoids, and tannins. TLC study revealed the presence of rutin
in SOLE. The extract inhibited cell proliferation of SSC-15 and SSC-25
cells with Gl values of 340.7 ug/ml and 287.7 ug/ml, respectively. SOLE
inhibited the migration of these cells across the endothelial membrane
and induced nuclear fragmentation in cancer cells. Analysis of the cell
cycle revealed SOLE to increase the sub G /G, population in SSC-15 and ) v )
SSC-25 cells. SOLE increased both early and late phase apoptosis in both ;',‘,:':,'::.":(:;.f.f.','.}:‘;‘;,‘,’fcr"li.,fo"" -
oral squamous cancer cell lines. Apoptotic markers such as caspase-3, (SSC-15 and SSC-25)

Bax and P-53 were found to be dose-dependently increased with SOLE
treatment in both the tested cell lines, while the anti-apoptotic Bcl-2  Abbreviations used: SOLE: Salvia officinalis leaf extract; TLC: Thin layer
protein was decreased. Conclusion: In summary, SOLE demonstrated  chromatography; OSCC: oral squamous cell carcinoma; ATCC: American
excellent anticancer and anti-migration efficacy in oral squamous cancer  Type Culture Collection; HGF: Hepatocyte growth factor; ECGS: Endothelial

cells through caspase-mediated mitochondrial apoptosis. More than one  cg|| growth supplement; PBS: Phosphate Buffer Solution; SDS-PAGE:
compound might be responsible for the activity, which deserves further  gu4ium dodecyl sulfate-Polyacrylamide gel
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Cancers of oral origin account for 2%-4% of total cancer globally, with
an average annual diagnosis of 300,000."! The incidence rate of oral
squamous cell carcinoma (OSCC) proves to be constantly increasing
in adults within the age range of 1§_44’ where the 5-year survival rate Cite this article as: Rajagopalan P, Wahab S, Dera AA, Chandramoorthy HC,
accounts for 40%-50% of total diagnosed cases.”! Although easy to Irfan S, Patel AA, et al. Anti-cancer activity of ethanolic leaf extract of Salvia
diagnose, reports indicate OSCC is usually diagnosed at advanced stages officinalis against oral squamous carcinoma cells in vitro via caspase mediated
where treatments become more difficult.”) Need for novel agents that | Mitochondrial apoptosis. Phcog Mag 2020;16:5546-52.
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fight against OSCC is, therefore on constant demand and rewarding.
Kingdom of Saudi Arabia is well-heeled with a diversity of plants,
consisting of varied species of herbs, shrubs, and trees.! Plants are one of
the major sources of drugs due to their bioactive chemical constituents,
which play a vital role to cure many ailments.® It is very essential to make
an effort toward the standardization of the plant material to be used as
medicine for the reasons of therapeutic efficacy with uncompromised
safety.[®!

Salvia officinalis belongs to the family Lamiaceae. Though native to the
Mediterranean region, this plant is identified in many regions throughout
the world for medicinal and culinary uses.””? Conventionally, S. officinalis
is utilized for the treatment of diarrhea, dyspepsia, colic, asthma,
constipation, catarrh, bronchosis, cough, dyspnea, and depressive
episodes.”® The biological activities of this plant thoroughly studied and
is delineated to use as a treatment for hyperlipidemia and Alzheimer’s
disease, liver diseases, gastrointestinal disorders, constipation, diabetes,
as well as in gastric problems and it also affliction of the gum, mouth,
and skin.”! To the best of our knowledge, this plant extract has not been
evaluated for any anti-cancer activity. This study, therefore, aims in the
screening of active phytochemical ingredients from Salvia officinalis leaf
extract (SOLE) and its biological assessment against OSCC cells in vitro.

MATERIALS AND METHODS
Plant’s sample

Leaves of plant S. officinalis were collected from the Asir region of Saudi
Arabia. The plant was identified and authenticated by Dr. Mahadevan
Nanjaian of Department of Pharmacognosy College of Pharmacy, King
Khalid University. The leaves were separated and washed to detach the
superficial pollutants and then air-dried beneath the shade in room
temperature. The shade dried leaves were coarsely powdered with the
help of Grinder and stored in an airtight container.

Chemicals and the reagents utilized

All reagents and chemicals utilized were procured from Sigma
Company (At St. Louis, MO, USA). The solvents entirely used under
the research were of the analytical grade. SCC-25, SCC-15, Vero
lastly HUVEC cell lines were acquired from the American Type
Culture Collection (ATCC). The kit for annexin V was procured
from e-Bioscience company of the USA. Other assay kits, notably
trans-endothelial migration assay, Recombinant Human Hepatocyte
growth factor (HGF), and Guava cell cycle reagent was obtained from
the Millipore Corp., USA. Capase 3, Bcl-L, Bcl-2, and B-actin antibodies
were bought from Santacruz Biotechnology, situated in Santacruz, CA,
USA.

Plant extract and phytochemical analysis

Successive ethanolic extraction of the parched leaves powder substance
was done with the help of the Soxhlet apparatus. Filtration of the extracts
was done under hot conditions and concentrated under diminished
and controlled pressure. Calculations were done for the practical and
percentage products of the extracts. Then, the concentrated ethanolic
decoction was subjected to qualitative chemical analysis for the
recognition of various active ingredients.!""

Thin layer chromatography

The study was carried out using precoated TLC plates by using one-way
ascending technique according to the method described elsewhere.!!!
The extract was dissolved in methanol, and capillary tubes were used to
apply the dissolved samples on the plates uniformly and were allowed
to dry. The plates were developed in a chromatographic tank using the
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different solvent systems. The plates were dried and visualized under
normal light and iodine fumes, after which they were subjected to heating
at 105°C for a period of 5-10 min. The retention factor R for each active
compound was calculated using the formula as described elsewhere.'?!

Cell culture

SCC 25 and SCC 15 were grown in a special medium that was a mixture
of equal ratio containing Dulbeccos reoriented Eagle’s medium and
also another medium consisting of Ham’s F12 consisting of 15 mM of
HEPES, 0.5 mM of sodium pyruvate, 2.5 mM of L-glutamine, 1.2 g/L
sodium bicarbonate, where 10% bovine fetus' serum and 400 ng/ml
of hydrocortisone were added. Growth of HUVEC cells done in F12K
medium, which contained 0.05 mg/ml of a mixture of endothelial cell
growth supplement and the other being 0.1 mg/ml of heparin. Penicillin
(100 U/ml), streptomycin (100 U/ml), and FBS (10%) were contained in
all the growth medium. 5% CO, incubator was used to incubate all the
cells at a temperature of 37°C for optimum growing situations. Analyses
were accomplished at 70% convergence of growth of cells.

Analysis for the proliferation of the cells

Analysis for the proliferation was carried out as elucidate by Mosmann!**!
with some modifications. Regular growth media was utilized to incubate
5000 cells/well overnight and 50 pl of specific concentrations from
SOLE and DMSO blank was added to it. Incubation of these particular
cells was done at a temperature of 37°C and 5% CO, for a period of
72 h. 5 mg/ml of MTT contained in 25 ul was included and incubated for
a4 h. Succeeding aspirations of the media, constituents were deliquesced
in DMSO (containing 250 pl) and read the absorbance at 560 nm, and
640 nm was utilized as the reference wavelength. Ensuing subtracting of
initial day values, the percentage inhibition of proliferation of the cells
was figured out, and outcomes were scrutinized utilizing Graph pad
Prism 6.0 software (from La Jolla, USA).

Assay for transendothelial cell migration

The analysis was implemented by utilizing QCM™ Tumor Cell
Trans-Endothelial Migration Assay — Colorimetric kit from Millipore
in accordance with the manufacturer’s instructions. Briefly, 1 x 10° cells
from HUVEC were developed on migration inserts before confluent.
1 x 10° of SCC-25/SCC-15 cells, which were starved overnight in a
media-free from serum, were replaced with the media in the inserts
together with SOLE treatments at desired concentrations. The inserts
were further shifted to other wells having tumor cell growth media
(free from serum), which contained + 25 ng/ml HGF at eventual
concentration and the cancer cells were allowed to migrate across the
membrane for 12 h in CO, incubator, stained and eluted. Fluent was
transported to a stain quantification plate containing 96-wells, and the
absorbance was perused at a wavelength of 540-570 nm.

Cell cycle analysis

SCC 25 and SCC 15 cells were subjected to seeding at the particular
density of 0.5 x 10° cells per well inside a plate having 6-wells and then
incubated with desired concentrations of SOLE for 72 h at a temperature
of 37°C within 5% CO, incubator. The analysis was performed with
reagent from Guava’ Cell Cycle in accordance with the manufacturer’s
directives. Ten thousand events were obtained with the help of a Guava
easyCyte™ flow cytometer, and the data scrutinized with Express Pro
Software procured from Millipore, USA. Calculation of percentage cell
population at various stages of the cell cycle was done.
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Fluorescence staining

Propedium iodide/Hoechst 333258 dual staining was done as
recounted elsewhere™ having a minor change. Growth of SCC-25
and SCC-15 cells were performed on coverslips allocated in Petri
dishes, having a concentration of one million cells/plate. In all cases,
sterilized Petri-plate and coverslips were utilized. Incubation of the
plates was done for a duration of 48 h to acquire a sheet of cells and
subsequently treated with the appropriate concentration of SOLE.
Washing of the cells was done after 24 h. Utilizing cold PBS and
the subsequent cell suspension was being produced with the media.
2 ul of combined dye-containing 100 mg/ml of propidium iodide
and 100 mg/ml of Hoechst 333258 was appended to 20 ml of the cell
suspension and then relocation of 5 ml of the stained solution to a
glass slide for instantaneous analysis was done utilizing a fluorescence
microscope (Nikon, Japan).

Analysis of annexin V

The analysis was carried out utilizing Annexin V detection kit procured
from e-Biosciences, USA in accordance with the manufacturer’s
directives as follows. In brief, the growth of 0.5 x 10° SCC cells was done
in 6 well plates and treated with appropriate concentrations of SOLE and
then subjected to incubation in CO, incubator for a period of 72 h. The
cells were then harvested, washed with buffer from kit and subjected to
incubation with 0.25 pug/ml of Annexin V reagent for 15 min, washed once
more and re-suspended in kit buffer containing 0.5 ug/ml of propedium
iodide. A guava easyCyte™ flow cytometer was utilized to procure ten
thousand events. Analysis of the data was accomplished with InCyte
software of Millipore Company, USA. Differentiations of the healthy
cells were done with various phases of apoptosis using a quadric-plot
graph. Analysis of the data was performed utilizing GraphPad Prism
software-6.0 version (La Jolla, CA, USA).

Procedure of Western immunoblotting (Pro and
anti-apoptotic protein signaling)

The western blotting technique was carried out as elucidated
elsewhere,"” with minor alterations alteration. SCC-15 and SCC-25
cells were treated utilizing various concentrations of SOLE for 48 h and
lysed utilizing lysis buffer. Estimation of total protein concentration
was done by Coomassie plus Protein Assay Reagent kit (from Pierce;
Rockford, IL, USA), and SDS-PAGE was utilized to separate 20-40
ug protein from the cell lysate, which was subsequently transferred to
Nitrocellulose membrane. The addition of secondary antibodies was
done after probing with appropriate primary antibodies. Then, HRP
was added and the membrane was subsequently stripped, succeeding
an incubation period of 30 min. Quantification of the bands was done
utilizing Image J (Ver. 1.46, NIH, Betheda, Maryland, USA) and then
normalized to actin to -actin (1:5000).

Statistical analysis

The performance of all experiments was done in triplicates and
consequences expressed as the mean + standard deviation. GraphPad
Prism 6.0 (from La Jolla, USA) was availed to carry out statistical
analyses. Calculation of GI, values was accomplished utilizing a
nonlinear regression fit model with a variable slope and accordingly
plotted. The differences between the two groups were analyzed using the
two-tailed Student’s ¢-test and P < 0.05 (*) were considered statistically
significant.
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RESULTS

Phytochemical and thin-layer chromatography
analysis of Salvia officinalis leaf extract

We initially performed preliminary phytochemical screening to
enumerate the active constituents, if any, present in SOLE. Out of the
tested constituents, SOLE showed the presence of carbohydrates,
sterols, flavonoids, and tannins, while alkaloids and glycosides were
absent [Table 1]. Next, TLC studies of SOLE were carried out in two
different solvents at room temperature using Silica gel as an adsorbent.
As shown in Table 2, both solvent systems confirmed the presence of
rutin as one ssof the active ingredients in SOLE.

Salvia officinalis leaf extract exhibited
anti-proliferative effects and inhibited
trans-endothelial migration of oral squamous
carcinoma cells

Before the cancer cells, SOLE was tested for cytotoxic effects in the
normal, non-cancerous epithelial (Vero) cells. The extract showed
a GI value of 5708 ug/ml [Figure 1a] in the cell viability assay. Sole
inhibited the proliferation of SSC-15 cell with GI, value of 340.7 ug/ml
[Figure 1b]. The effect was SOLE on SSC-25 cells was even improved,
with a GI, value of 287.7 ug/ml [Figure 1c]. We used the nearest G
value of 340 pg/ml and 290 pg/ml of SOLE in SSC-15 and SSC-25 cells,
respectively, for further assays. When tested for the anti-migration
potency, SOLE inhibited the migration of SSC-15 cells by 32.2% and
SSC-25 cells by 36.03% across the HUVEC-trans membrane under the
influence of the chemoattractant [Figure 1d].

Table 1: Phytochemical constituents identified in Salvia officinalis leaf extract
by different methods

Tested constituent Test method Result
Sterols Salkowaski test Positive
Libermann-burchards test Positive
Alkaloids Dragandroff test Negative
Wagners test Negative
Mayers test Negative
Glycosides Bontrager’s test Negative
Tannins Ferric chloride test Positive
Flavonoids Shinoda test Positive
Carbohydrates Fehling test Positive
Molish test Positive
Barford’s test Positive

Table 2: Thin-layer chromatography analysis of Salvia officinalis leaf extract
with different solvent systems using Silica gel as an adsorbent

Test material Solvent Sample Rutin
system R, value R, value

Ethanol leaf Ethyl acetate: 4 spots 0.44
extract from Hexane (1:9) 027
S. officinalis 0.34
(SOLE)

0.38

0.44
Ethanol leaf extract Ethyl acetate: 2 spots 0.81
from formic acid: 0.9
S. officinalis (SOLE) water (8:1:1) 0.8

S. officinalis: Salvia officinalis; SOLE: Salvia officinalis leaf extract
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Figure 1: (a) Percentage proliferation inhibitions of SOLE in oral squamous cancer (a) SSC-15, (b) SSC-25 and normal, noncancerous (c) Vero cells. (d) Anti
migratory efficacy of SOLE in SSC-15 and SSC-25 cells across the HUVEC membrane under influence of 25 ng/ml HGF which served as chemo-attractant.
Results expressed as mean + standard deviation from three independent experiments in duplicates. *P < 0.05 significant compared to untreated control.
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Figure 2: (A) Flow cytometry analysis of oral squamous carcinoma cells showing percentage cell population in Sub G /G, phase of the cell cycle with respect
to control after respective Gl dose-SOLE treatments in SSC-15 and SSC-25 cells for 72 h. Representative histograms from several repeats of the experiment
are shown. (B) Propidium iodide/Hoechst 333258 dual staining of oral squamous carcinoma cells after respective Gl dose SOLE treatments for 48 h. Pink
color spots indicate condensed/fragmented nuclei bound with fluorescent stain. Microscopic magnification at x200. SOLE: Salvia officinalis leaf extract

Salvia officinalis leaf extract interfered with oral
squamous cancer cell cycle and induced nuclear
fragmentation

To substantiate the observed anti-proliferative efficacy of SOLE, we
conducted the cell cycle analysis in both SSC-15 and SSC-25 cells
[Figure 2A]. As observed in Figure 2A a-b, treatment of 340 ug/ml
SOLE increased the sub G /G, population to 19.78% when compared
to its respective control of 3.03%. Similarly, when treated with 290
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ug/ml SOLE, an increase from 4.13% to 22.23% in the sub G,/G,
population of the cell cycle from control to treatment was observed
in SSC-25 cells [Figure 2A c-d]. To augment these observations of
sub G /G, increase, we carried out nuclear staining analysis in the
oral squamous carcinoma cells post-SOLE treatments. Both SSC-15
and SSC-25 cells showed positivity for nuclear fragmentation in the
dual staining assay after 340 ug/ml and 290 pug/ml SOLE treatments,
respectively [Figure 2B a-d].
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SOLE: Salvia officinalis leaf extract

Apoptosis inducing efficacy of Salvia officinalis leaf
extract in oral squamous cancer cells

Next, we checked if the cell death of oral squamous carcinoma cells due
to apoptotic induction by SOLE. Annexin V assay revealed the presence
of both early and late phase apoptotic cell population in both SSC-15
and SSC-25 cells after SOLE treatments [Figure 3a]. SSC-15 cells showed
10.6% of early apoptotic cells and 3.83% of late apoptotic cells compared
to 1.36% and 1.05% early and late apoptotic cells, respectively, in the
untreated control [Figure 3b]. Similarly, a raise in early apoptotic cells
from 1.22% to 12.06% and late apoptotic cells from 0.81% to 5.16% was
observed in SSC-25 cells, post-SOLE treatment. Together, total apoptosis
in SSC-15 cells raised from 2.41% to 14.43% [Figure 3b] in SSC-15 cells
and 2.03% to 17.22% in SSC-25 cells for the SOLE treated cells compared
to their respective controls [Figure 3b].

Salvia officinalis leaf extract induced apoptosis by
ameliorating key apoptosis signals in SSC-15 and
SSC-25 cells

Further elucidation of the key apoptotic signals in SOLE treated oral
squamous cancer cells were determined by Western blotting. We checked
if these key protein signals were altered in a dose-dependent manner by
SOLE. Therefore, the respective GI,, and GL, doses of SOLE in SSC-15
and SSC-25 cells were tested. SOLE increased caspase-3, Bax, and P-53
protein expressions in SSC-15 and SSC-25 cells, while Bcl-2 protein
expression was reduced in both these cells [Figure 4A]. Quantification
of the expressed proteins revealed significant dose-dependent alterations
in caspase-3, Bcl-2, Bax, and P-53 proteins in both cell lines tested, as
observed in Figure 4B.

DISCUSSION

Documentation of bioactive ingredients from plant materials is
important for reasons of easy availability and relatively less toxicity and/
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or less side effects compared to synthetic chemicals. The current study
focused on the ethanolic SOLE to be screened for its bioefficacy against
oral squamous carcinoma cells. The percent extractives in various
solvents suggest the quantity and nature of components in the extract.
The chromatographic portrayal may serve as a distinguishing fingerprint
for qualitative evaluation of the leaves. TLC study revealed the presence
of rutin-flavonoid in ethanol extract. The information obtained from
the preliminary phytochemical screening could reveal useful discoveries
about the chemical nature of the drugs.!"

The present findings demonstrate the efficacy of SOLE to control the
proliferation of oral squamous carcinoma cells with a wide therapeutic
window against the normal Vero cells, which indicates uncompromised
efficacy and safety of the extract. This observed efficacy might be from
single or combinations of more than one active compound identified in
SOLE [Table 1], which is in par with reported literature that effective
combinations of more than one compound from natural source bring
out therapeutic efficacy in controlling cancer cells.!'”!

As cell invasion and metastasis are proven very vital for tumor
progression,™ We mimicked these situations to check if there was
any anti-cell migratory effect by SOLE in oral squamous cancer cells.
Our observations clearly indicate SOLE to inhibit the SSC-15 and
SSC-25 cells in the tumor trans-endothelial cell migration assays, which
proves the anti-metastasis efficacy of SOLE in addition to the observed
antiproliferative effects.

The cell cycle regulation is considered as vital checkpoint to decide
between survival and death for any rapidly proliferating cancer
cell.”! Results from the present investigation demonstrate an increase
sub G /G, phase of cell cycle with SOLE treatments in SSC-15 and
SSC-25 cells, thereby indicating the response of cancer cells to the
extract treatments. The results of cell cycle alteration could also be
attributed to the anti-proliferative activities of SOLE in oral squamous
cancer cells. Literature reports certain anticancer agents to cause DNA
damage, which results in the accumulation sub G /G, phase of the cell

Pharmacognosy Magazine, Volume 16, Issue 5, July-September 2020 (Supplement 3)
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cycle.?”! To substantiate our observations from the cell cycle, we carried

out fluorescent nuclear staining in SOLE treated SSC cells. Morphological
analysis with Propidium iodide and Hoechst 333258 staining showed cell
clumping and fragmented nuclei, suggesting the typical characteristic of
DNA fragmentation and apoptosis as observed by other co-workers. !l

The digestion of the cellular DNA makes them appear in the sub
G,/G, region of cell cycle, which is considered as a hallmark feature
of apoptosis.'” Taken together, our observations from cell cycle
assay and the nuclear staining assay suggested apoptosis induction
by SOLE in the oral squamous cancer cells. Increase in early, late,
and consequently, total apoptotic cells with SOLE treatment in
SSC-15 and SSC-25 cells established the ability of SOLE to induce
apoptosis in these cancer cells. These observations were further
supported by expression levels of caspase-3 protein in both cancer
cell types by post-SOLE treatments.??! Additionally, the decrease of
anti-apoptotic Bcl-2 protein with relative increase in pro-apoptotic
Bax protein suggests mitochondria-mediated cell death by SOLE,
as reported in literature.*?!! This hypothesis for the involvement of
caspase-mediated mitochondrial apoptosis, be responsible for the
SOLE activity, is further supported by the increase P-53 expression
after SOLE treatment in SSC-15 and SSC-25 cells.?*!

Flavonoids, tannins, and sterols were identified in the SOLE extract.
Reports indicate flavonoids to cause a rapid decline in the proliferation
of leukemic cells, along with the induction of apoptosis through DNA
fragmentation. The presence of the flavonoid rutin was identified in
the SOLE-TLC analysis. Rutin is a well-established flavonoid to possess
excellent anticancer activity in breast,””! colon,®! and lung forms of
cancer.”*! Evidence also indicate the beneficial effects of plant-derived
sterols®! and tannins®! in cancer cells. We propose one or combination
from any of these active compounds, be responsible for the observed
anticancer efficacy of SOLE in oral squamous carcinoma cells. However,
the isolation of these compounds to characterize and evaluate them
individually against the cancer cells would lead to better precision on
these findings and pave the way for future research on SOLE for the
anticancer efficacy.
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CONCLUSION

In summary, we conclude that SOLE had excellent anticancer and
anti-metastasis activity against the oral squamous cancer cells at a
reasonably safer therapeutic window. The mechanism of SOLE action
was driven caspase-mediated mitochondrial apoptosis in the cancer
cells. More than one active compound present in SOLE could have
been responsible for the anticancer effects, which needs further
elucidations.

Financial support and sponsorship

The authors are thankful to the Deanship of Scientific Research, King
Khalid University, Abha, Saudi Arabia, for financially supporting this
work through the General Research Project under grant number (G.R.P-
27-1440).

Conflicts of interest

There are no conflicts of interest.

REFERENCES

. Bray F, Ren JS, Masuyer E, Ferlay J. Global estimates of cancer prevalence for 27 sites in the
adult population in 2008. Int J Cancer 2013;132:1133-45.

2. Patel SC, Carpenter WR, Tyree S, Couch ME, Weissler M, Hackman T, et al. Increasing
incidence of oral tongue squamous cell carcinoma in young white women, age 18 to
44 years. J Clin Oncol 2011;29:1488-94.

3. Markopoulos AK. Current aspects on oral squamous cell carcinoma. Open Dent J
2012;6:126-30.

4. Kumar A, Patra S. Qualitative and quantitative analysis of secondary phytochemical in
gymnema sylvestre. Indian J Sci Res 2017;12:150-6.

5. Awaad SA, Alothman MR, Zain YM, Algasoumi S|, Alothman EA. Quantitative and qualitative
analysis for standardization of Euphorbia cuneataVahl. Saudi Pharm J 2017;25:1175-8.

6. Wahab S, Rizvi A, Hussain A. Macroscopical, anatomical and physico-chemical studies on

leaves of Coccinia indica wight and Arn., growing wildly in Eastern Uttar Pradesh region of
India. IJNPR 2011;2:74-80.

~

Qnais EY, Abu-Dieyeh M, Abdulla FA, Abdalla SS. The antinociceptive and anti-inflammatory

S§551



PRASANNA RAJAGOPALAN, et al.: Anti-Cancer Activity of Salvia officinalis

o]

©

12.

20.

§552

effects of Salvia officinalis leaf aqueous and butanol extracts. Pharm Biol 2010;48:1149-56.

. Matsingou TC, Petrakis N, Kapsokefalou M, Salifoglou A. Antioxidant activity of organic

extracts from aqueous infusions of sage. J Agric Food Chem 2003;51:6696-701.

. Esmaeil M, Ahmadreza A. Evaluation of Salvia officinalis antifungal properties on the growth

and morphogenesis of Alternaria alternata under in vitro conditions. Technol J Eng App Sci
2013;3:2062-9.

. Bandiola TM. Extraction and qualitative phyto chemical screening of medicinal plants: A brief

summary. Int J Pharm 2018;8:137-43.

. Cai L. Thin layer chromatography. Curr Protocols Essential Lab Techn 2014;8:6.3.1-6.3.18.

Zarzycki PK, Slaczka MM, Zarzycka MB, Wiodarczyk E, Baran MJ. Application of
micro-thin-layer chromatography as a simple fractionation tool for fast screening of raw
extracts derived from complex biological, pharmaceutical and environmental samples. Anal
Chim Acta 2011;688:168-74.

. Mosmann T. Rapid colorimetric assay for cellular growth and survival: Application to

proliferation and cytotoxicity assays. J Immunol Methods 1983;65:55-63.

. DeSouza N, Zhou M, Shan Y. Cell cycle analysis of CML stem cells using hoechst 33342 and

propidium iodide. Methods Mol Biol 2016;1465:47-57.

. Rajagopalan B Alahmari KA, Elbessoumy AA, Balasubramaniam M, Suresh R, Shariff ME,

et al. Biological evaluation of 2-arylidene-4, 7-dimethyl indan-1-one (FXY-1): A novel Akt
inhibitor with potent activity in lung cancer. Cancer Chemother Pharmacol 2016;77:393-404.

. Bray F, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A. Global cancer statistics 2018:

GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries.
CA Cancer J Clin 2018;68:394-424.

Liu L, Li H, Guo Z, Ma X, Cao N, Zheng Y, et al. The combination of three natural
compounds effectively prevented lung carcinogenesis by optimal wound healing. PLoS One
2015;10:e0143438.

. Hsiao YJ, Su KY, Hsu YC, Chang GC, Chen JS, Chen HY, et al. SPANXA suppresses EMT by

inhibiting c-JUN/SNAI2 signaling inlung adenocar cinoma. Oncotarget 2016;7:44417-44429.

. Yoshihiro, H. Glutathione depletion induced chromosomal DNA/fragmentation associated

with apoptosis and necrosis. J Cell Mol Med 2004;18:456-64.

Chaudhry MA. Base excision repair of ionizing radiation-induced DNA damage in G1 and G2

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

cell cycle phases. Cancer Cell Int 2007;7:15.

Riccardi C, Nicoletti |. Analysis of apoptosis by propidium iodide staining and flow cytometry.
Nat Protoc 2006;1:1458-61.

Cakir E, Yilmaz A, Demirag F, Oguztuzun S, Sahin S, Yazici UE, et al. Prognostic significance of
micropapillary pattern in lung adenocarcinoma and expression of apoptosis-related markers:
Caspase-3, bcl-2, and p53. APMIS 2011;119:574-80.

Choi J, Conrad CC, Malakowsky CA, Talent JM, Yuan CS, Gracy RW. Flavones from Scutellaria
baicalensis Georgi attenuate apoptosis and protein oxidation in neuronal cell lines. Biochim
Biophys Acta 2002;1571:201-10.

Dera A, Rajagopalan P Thymoquinone attenuates phosphorylation of AKT to inhibit kidney
cancer cell proliferation. J Food Biochem 2019;43:€12793.

Banerjee S, Chaturvedi CM. Apoptotic mechanism behind the testicular atrophy in
photorefractory and scotosensitive quail: Involvement of GnlIH induced p-53 dependent
Bax-Caspase-3 mediated pathway. J Photochem Photobiol B 2017;176:124-35.

Nakamura C, Yasumoto E, Nakano K, Nakayachi T, Hashimoto K, Kusama K, et al. Changes
in intracellular concentrations of polyamines during apoptosis of HL-60 cells. Anticancer Res
2003;23:4797-803.

Iriti M, Kubina R, Cochis A, Sorrentino R, Varoni EM, Kabata-Dzik A, et al. Rutin, a quercetin
glycoside, restores chemosensitivity in human breast cancer cells. Phytother Res

2017;31:1529-38.

Guon TE, Chung HS. Hyperoside and rutin of Nelumbo nucifera induce mitochondrial
apoptosis through a caspase-dependent mechanism in HT-29 human colon cancer cells.
Oncol Lett 2016;11:2463-70.

Wu F, Chen J, Fan LM, Liu K, Zhang N, Li SW, et al. Analysis of the effect of rutin on GSK-3f
and TNF-o. expression in lung cancer. Exp Ther Med 2017;14:127-30.

Ahmad |, Irfan S, Dera AA, Zaman GS, Chandramoorthy HC, Mir MA, et al. GC-MS analysis
of ethanol extract from areal parts of Nepeta deflersiana and its anticancer and antimicrobial
efficacies. Biologia 2020;75:1-12.

Grattan BJ Jr. Plant sterols as anticancer nutrients: Evidence for their role in breast cancer.
Nutrients 2013;5:359-87.

Chung KT, Wong TY, Wei CI, Huang YW, Lin Y. Tannins and human health: A review. Crit Rev
Food Sci Nutr 1998;38:421-64.

Pharmacognosy Magazine, Volume 16, Issue 5, July-September 2020 (Supplement 3)



