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ABSTRACT

Introduction. The use of herbal products in the treatment of colon cancer appears promising. Numerous 
Salvia species have been identifi ed to exhibit cytotoxic properties. In this study, ethanolic extracts of three 
Salvia species collected from the Bingöl region (Salvia euphratica, Salvia staminea, and Salvia trichoclada), 
which have not been suffi ciently investigated for their anticancer potential, were applied to the HT-29 colon 
cancer cell line both as monotherapies and in combination with cisplatin.
Material and methods. A crystal violet assay was performed to assess cell viability. Changes in cellular func-
tions were evaluated using colony-formation and 3D soft agar assays for colony-forming ability, wound-
healing assays for migration, and Western blot analyses for protein expression levels.
Results. The IC50 values were determined as 38.16, 40.85, and 43.40 μg/ml, respectively. In synergy assays 
with cisplatin, the combination indices were 9.54, 9.37, and 9.61, respectively. It was observed that the Salvia 
species alone reduced colony-forming ability in both 2D and 3D cultures, whereas this effect diminished 
when combined with cisplatin. The wound closure percentage decreased under combination treatment. Fur-
thermore, although mTOR and AKT protein levels were reduced in combination treatments compared with 
monotherapy, p53 and c-PARP levels were elevated.
Conclusions. Although the examined Salvia species exhibited strong cytotoxic effects when used alone, 
these effects were attenuated when combined with cisplatin. Further investigations are needed to elucidate 
the underlying mechanisms of this phenomenon.
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Introduction

Cancer is a disease in which pathophysiological 
changes occurring in the cell division process and 
DNA repair mechanisms are ineffective, caus-
ing the death of millions of individuals worldwide 
every year [1]. Colorectal cancer (CRC) is the third 
most commonly diagnosed cancer type in both 
men and women [2]. Of the 19.3 million new can-
cer cases observed in 2020, approximately 2 mil-
lion were CRC. In the same year, nearly 900 thou-
sand cancer deaths were attributed to the CRC 
group [1,3]. According to estimates for 2030, 1.1 
million deaths and 2.2 million new cases related 
to CRC are expected [4]. Another study reports an 
estimated 3.2 million CRC-related deaths for the 
year 2040 [1]. Population growth and the propor-
tion of older adults will likely increase CRC inci-
dence [5].

Among the agents used in CRC chemother-
apy, Cisplatin (Cis) forms cross-links by binding 
to DNA. These bonds damage DNA, leading to 
apoptosis in cells [6]. Although Cis is widely used 
for therapeutic purposes in many cancer types, 
it causes many undesirable outcomes and sig-
nifi cant side effects, similar to other chemothera-
peutic agents [7].

It has been reported that, compared with cur-
rent colon cancer therapies, plant-based treat-
ments cause fewer side effects and should be 
considered an alternative [8]. Studies have shown 
that some plant species support CRC treat-
ment by inhibiting cell proliferation and induc-
ing cell death [9]. The use of natural products 
together with synthetic drugs in CRC treatment 
has become a standard therapeutic approach in 
recent years. The protective and cytotoxic effects 
of herbal products on cancer cells are essen-
tial in this context [10]. It has been reported that 
the effi cacy of chemotherapeutic agents used in 
CRC treatment is altered when they are combined 
with various plants [11]. Salvia species are used 
in multiple regions of the world in the preven-
tion and treatment of many diseases [12]. Several 
studies have shown that Salvia species possess 
anticancer properties across various cell lines. 
Previous phytochemical studies on these spe-
cies have revealed that they are rich in rosmarinic 
acid, ferulic/vanillic acids, linalyl acetate, lina-
lool, caryophyllene oxide, spathulenol, β-pinene, 

and related terpenoids [16–18]. In this study, the 
ethanol extracts of three different Salvia species 
collected from Bingöl province, which have not 
been suffi ciently investigated in terms of anti-
cancer properties (Salvia euphratica (SEE), Salvia 
staminea (SSE), Salvia trichoclada (STE)), were 
examined for their anticancer activity in a colon 
cancer cell line (HT-29) both as monotherapy and 
in combination with Cis. 

Materials and methods

Chemicals and reagents
Phosphate-buffered saline (PBS), Dulbecco’s 
modifi ed Eagle medium (DMEM), penicillin/
streptomycin, trypsin-EDTA, and fetal bovine 
serum (FBS) were obtained from Gibco (Grand 
Island, NY, USA). Trypan blue, dimethyl sulfoxide 
(DMSO), methanol, acetic acid, and ethanol were 
obtained from Sigma Aldrich (St. Louis, MO, USA). 
Antibodies were obtained from Santa Cruz (Dal-
las, TX, USA). TEMED, Tris, KCl, NaCl, HCl, NaF, 
Na3VO4, Coomassie blue-G250, NaN3, luminol, 
nonfat dry milk, Ponceau S, H3PO4, p-coumaric 
acid, PMSF, DTT, benzamidine, ethanol, glycerin, 
glycerol, sodium dodecyl sulfate (Sigma-Aldrich, 
Burlington, MA, USA); Tris HCl, DMSO, Tween-20, 
bromophenol blue, β-mercaptoethanol, NP-40, 
EDTA, EGTA, glycerophosphate, H2O2, NaOH, gly-
cine (Merck, Darmstadt, Germany); 0.45 μm PVDF 
membrane (Millipore, Darmstadt, Germany); 25 
and 75 cm² cell culture flasks (Sarstedt, Num-
brecht, Germany); microcentrifuge tubes, 15 and 
50 mL Eppendorf tubes (Isolab, Eschau, Ger-
many); 6- and 96-well microplates (Corning, NY, 
USA); 5-, 10-, and 25-mL sterile pipettes and plas-
tic pipette tips, 3- and 6-cm Petri dishes (Costar, 
Washington, DC, USA).

Plant extraction 
Salvia species were collected during the flower-
ing period from Bingöl, Türkiye. The identifi ca-
tion was carried out by Prof. Dr Lütfi  Behçet in 
accordance with the Flora of Turkey [19]. Speci-
mens of the Salvia species were recorded in the 
Bingöl University Herbarium as S. euphratica (BIN 
11635), S. staminea (BIN 11637), and S. trichocla-
da (BIN 11636). The aerial parts of the plants were 
ground using a laboratory-type grinder. From 
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each sample, 100 g were taken and extracted 
with ethanol in round-bottom flasks according to 
the method described by Erdoğan et al [20].

Cell culture 
The HT-29 colon cancer cells used in the study 
were obtained from the Cancer Research Labora-
tory of Bingöl University. RPE-1 cells were used 
as the healthy cell line. All cell culture procedures 
were carried out in accordance with GCCP (Good 
Cell Culture Practice) aseptic standards. The cells 
were cultured in DMEM medium supplemented 
with 10% fetal bovine serum (FBS), 64 μg/mL pen-
icillin, and 100 μg/mL streptomycin in a humidi-
fi ed cell culture incubator at 37°C containing 
5–6% CO2. Cells have been routinely screened for 
mycoplasma and other contaminants.

Cell viability
For the cell viability assay, the protocol described 
by Parker et al. was optimised and applied [21]. In 
summary, cells were seeded into 24-well plates at 
a density of 50,000 cells per well. After confi rming 
cell attachment, 72-hour treatment was applied. 
Following the treatment, the DMEM medium was 
removed, and the surface was washed twice with 
PBS. Then, 1 mL of methanol-acetic acid (3:1) 
solution was added to each well, and the cells 
were fi xed at room temperature for 5 minutes. The 
fi xation solution was removed, and the wells were 
treated with 1 mL of 0.5% crystal violet dye. After 
15 minutes of incubation at room temperature, 
the stained wells were carefully washed, and 1 
mL of 10% acetic acid solution (prepared by mix-
ing 1 mL of 100% acetic acid with 9 mL of ddH2O) 
was added to each well and placed on a shaker 
for 5 minutes. Subsequently, the acetic acid from 
the wells was transferred to spectrophotometer 
cuvettes, and absorbance was measured at 595 
nm to analyse cell viability. The data were then 
evaluated statistically.

Determining Synergy
To assess synergism between sage species 
and cis treatment in the HT-29 colon cancer cell 
line, the combination index (CI) was calculated. 
According to the calculation of the drug-sage 
extract interaction, CI > 1 indicates antagonism, 
CI = 1 indicates an additive effect, and CI < 1 indi-
cates synergism [22]. The combination index was 

calculated using the formula reported in the lit-
erature [23]. The formula used in our analysis has 
now been clearly stated in the Methods section:

In this equation:
( › ACIS)50: cisplatin concentration required to 
reduce viability to 50% when Salvia extract is 
applied at IC50/2,
( › BSAL)50: IC50 of Salvia extract in monotherapy,
( › ASAL)50: Salvia concentration needed to reduce 
viability to 50% when cisplatin is applied at 
IC50/2,
( › BCIS)50: IC50 of cisplatin in monotherapy.

Colony formation
The colony formation assay was performed to 
assess the effects of various treatments on cell 
colony-forming ability. For this assay, cells were 
seeded into 6-well plates at a density of 5 × 10² 
cells per well. The following day, after confi rm-
ing cell attachment, the cells were treated with 
Salvia extracts and Cis for 72 hours. After treat-
ment, the medium was removed, and the cells 
were incubated in fresh medium for 15 days (37 
°C, 5% CO2, 95% humidity). After this period, the 
medium was removed, the cells were washed 
with PBS, fi xed in methanol: acetic acid (3:1) for 
5 minutes, and stained with crystal violet for 15 
minutes. The wells were then carefully washed, 
and the colonies were counted under a micro-
scope. A formation of at least fi fty cells was con-
sidered a colony [24].

Wound healing
The in vitro wound-healing assay was performed 
as modifi ed from the method described by Zomer 
et al. [25]. Cells were seeded into 6-well plates, 
and the next day, a scratch was created using 
a sterile 100 μL pipette tip. The detached cells 
were removed by washing twice with PBS. After-
wards, photographs of the wounds were taken. 
The treatment group was then exposed to the 
respective plant extracts and chemotherapeutic 
agents. At 0, 6, 12, and 24 hours, the wound areas 
were photographed under a microscope and 
measured using ImageJ software. The percent-
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age of wound closure for each group was calcu-
lated by normalising images acquired at 0, 6, 12, 
and 24 hours.

3D Soft Agar
The effect of the applied treatments on the col-
ony-forming ability of the cells was evaluated 
using the soft agar assay [26]. To each well of the 
6-well plates, 1 mL of agar-medium mixture was 
added, and the plates were incubated in a culture 
cabinet for 30 minutes to allow the bottom agar 
layer to solidify. A 0.5% agarose solution con-
taining 6 × 10³ cells and the respective treatment 
agents in cell culture medium (DMEM, 20% FBS) 
was mixed at a 1:1 ratio (fi nal agarose concentra-
tion 0.5%) and incubated in a 36°C water bath for 
15 minutes. Then, 1 mL of the agarose-cell-medi-
um mixture (6 × 10³ cells) was carefully overlaid 
on the solidifi ed 0.5% agarose bottom layer. The 
cells were incubated for 7–21 days in a humidi-
fi ed cell culture incubator at 37°C with 5% CO2, 
and every 3–4 days, fresh medium containing 
treatment agents was added onto the top agar 
layer. At the end of the experiment, colony forma-
tion was examined under a microscope, and the 
formed colonies were stained with 0.005% crystal 
violet prepared in methanol for 15 minutes. The 
experiment was performed with at least two rep-
licates for each group, including the control.

Western blotting 
Western blotting was used to assess changes 
in protein expression in cells treated with the 
applied treatments [24]. For protein sample anal-
ysis, a vertical SDS-PAGE tank system (Bio-Rad 
Mini-PROTEAN Tetra Cell) was used. Cells seed-
ed in 6-cm wells were washed twice with cold 
PBS (without Ca²+/Mg²+) to remove them from 
the plates after 72 hours of treatment. The col-
lected cells were suspended in PBS, centrifuged 
at 1100 RPM for 5 minutes at room temperature, 
and the supernatant was partially aspirated. The 
obtained pellet was resuspended in an adequate 
amount of lysis buffer (100 μL for 0.5 × 106 cells), 
and effective homogenization and protein extrac-
tion were achieved using a 1 mL pipette. The 
samples were incubated on ice for approximate-
ly 1 hour, then centrifuged at 15,000 RPM for 10 
minutes at 4°C. The resulting supernatants were 
transferred into pre-prepared, labelled microcen-
trifuge tubes. Total protein concentration was 

determined using the Bradford method. Accord-
ing to the calculations, equal amounts of protein 
(30 μg per lane) were loaded into each well of the 
SDS-PAGE gel and electrophoresed. Protein con-
centrations were determined manually using the 
Bradford reagent with Coomassie Brilliant Blue 
G-250, and equal loading was confi rmed with 
Tubulin as a loading control. To prevent protein 
degradation, the lysis buffer was supplemented 
with protease inhibitors and reducing agents, 
specifi cally 1 mM DTT, one mM Benzamidine, 
0.5 mM PMSF, and 1 mM Leupeptin. The proteins 
were then transferred onto PVDF (polyvinylidene 
fluoride) membranes and incubated for 1 hour in 
blocking buffer (5% milk powder in TBS-T). After 
blocking, the membranes were incubated over-
night at 4°C with the appropriate primary anti-
body (diluted in 5% milk powder) with rotation. 
The membranes were washed with TBS-T (3 × 10 
minutes) and then incubated for 2 hours at room 
temperature with the relevant HRP-conjugat-
ed secondary antibody (diluted in 5% milk pow-
der). The membranes were rewashed with TBS-T 
(3 × 10 minutes). Detection was performed using 
a chemiluminescence-based ECL kit. The signals 
on the membrane were transferred to fi lm using 
an X-ray imaging system. Finally, densitometric 
analysis of the band intensities was performed 
using ImageJ software (National Institutes of 
Health, USA).

DNA Agarose Gel Assay
One method for visualising DNA damage and 
breaks is the DNA agarose gel assay. DNA frag-
ments placed in the gel under an electric fi eld 
are separated according to their sizes [27]. A. 
A suffi cient amount of agarose and Tris-acetate 
(TAE) buffer was mixed and gently shaken. It 
was then heated in a microwave until it began to 
boil. At intervals, the flask was removed from the 
microwave and mixed. After complete dissolu-
tion, Ethidium Bromide (EtBr) was added, and the 
solution was shaken to ensure uniform disper-
sion. The cooled solution was slowly poured into 
a tray. It was left to polymerise. Once polymerisa-
tion was complete, the gel was placed in the tank, 
and TAE was added until it covered the gel. Sam-
ples were mixed with fi ve μL of loading buffer and 
loaded into the gel. A marker was also loaded into 
one well. Electrophoresis was performed at 80 V 
for 20 minutes.
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Statistical analysis
All experiments were performed in triplicate 
unless stated otherwise. Graphical and statis-
tical analyses were conducted using GraphPad 
Prism (GraphPad Software, USA). The obtained 
data were analysed using Tukey’s multiple com-
parisons test and One-Way ANOVA. A p-value of < 
0.05 was considered statistically signifi cant.

Results and Discussion

Since ancient times, plants have been the focus 
of attention in healthcare. Herbal products are 
used in the treatment of numerous diseases with-
in traditional medicine. They are sometimes used 
in the diet and sometimes as herbal medication 
[28,29]. Colon cancer is a signifi cant health issue 
affecting human health, as it is the third most 
common cause of cancer-related deaths in both 
men and women [30]. Cisplatin (Cis), a drug com-
monly used in the chemotherapy of many can-
cers, including CRC, exerts its effects by inducing 

oxidative stress and DNA damage in cells [31]. In 
addition to chemotherapeutic agents, plant-de-
rived products that have long been used in can-
cer treatment are available. Plants can not only 
prevent cancer but also enhance the effi cacy of 
other cancer treatments [32]. It is predicted that 
the discovery of new plants may yield greater 
benefi ts in cancer treatment [33].

Cell Viability Findings 
Salvia species have been reported to possess 
anticancer properties across multiple cancer 
types, including CRC, owing to their bioactive 
constituents (see Figure 1). Salvia and its derived 
compounds have been reported to exhibit anti-
cancer effects in various cancer cell lines [34–37]. 
High levels of phenolic compounds and antioxi-
dant properties characterise the Salvia species 
used in this study [16–18]. In our study, consis-
tent with the literature, the Salvia species tested 
exhibited cytotoxic effects on the HT-29 cell line, 
with vigorous cytotoxic activity observed at 40 
μg/mL and above. The obtained IC50 and IC50/2 

Figure 1. Viability graph. Cell viability of HT-29 cells treated with Salvia species for 72 hours at increasing concentrations (A), cell 
viability of HT-29 cells treated with cisplatin for 72 hours at increasing concentrations (B), viability assay with increasing cisplatin 
concentrations while keeping the Salvia dose constant (C), viability assay with increasing Salvia concentrations while keeping the 
cisplatin dose constant (D). (n=3, SD, ANOVA, p<0.05). Source: Author’s own data.
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doses are presented in Table 1. To assess the 
selectivity of the cytotoxic effects, the extracts 
were also tested on the healthy human retinal 
pigment epithelial (RPE-1) cell line. The IC50 val-
ues for SEE, SSE, and STE in RPE-1 cells were 
89.67, 95.15, and 89.58 μg/ml, respectively. These 
values are approximately 2-2.5 times higher than 
those observed in HT-29 cancer cells, indicating 
a favourable selectivity index towards the colon 
cancer cells.

Cis is an important chemotherapeutic agent 
used in the treatment of many types of can-
cer. However, its use is associated with signifi -
cant side effects. Using Cis in combination with 
plants is a critical approach to reducing these 
side effects [38]. Combining plants with chemo-
therapeutic agents holds promise for mitigating 
the adverse effects of chemotherapy. The use 
of natural compounds to reduce the side effects 
of current CRC therapies has been reported to 
have multiple benefi cial effects [39]. However, in 
some cases, natural products can be ineffective 
in cancer treatment; in certain situations, they 
may even reduce the effi cacy of the drug used 
[40,41]. Studies indicate that components exhib-
iting anti-inflammatory properties reduce the 
activity of cis [42]. It is emphasised that, owing 
to their high antioxidant capacity, Salvia species 
may reduce the effi cacy of chemotherapeutic 
agents that act through oxidative stress. In a pre-

vious study, rosmarinic acid derived from Salvia 
species was found to diminish the effect of Cis 
[43]. In our study, we observed that the cytotox-
ic effect decreased when Cis and Salvia species 
were combined. In the synergism experiments, 
IC50 values increased. This phenomenon may be 
related to the reduction of Cis’s oxidative effects, 
one of its essential mechanisms of action, by Sal-
via species with high antioxidant properties. The 
IC50 values and combination index (CI) results 
obtained from the synergism experiments are 
summarised in Table 2.

Colony Formation Findings
The colony formation assay is a technique used 
to assess the antiproliferative effect of treat-
ments applied in cell culture [44]. Various plants 
have been shown to reduce the colony-forming 
ability of cancer cells. Salvia species and their 
derived compounds have been shown to inhibit 
colony formation in many cell lines [34,45–48]. 
Consistent with the literature, our study showed 
that Salvia treatment reduced the colony-forming 
ability of the HT-29 cell line. Although plant-de-
rived products often show synergistic effects 
with many chemotherapeutic agents, antago-
nistic effects can also occur in some cases [49]. 
The combined use of Cis and Salvia species was 
observed to reduce colony-forming ability less 
than monotherapy (p < 0.05) (see Figure 2).

Table 1. IC50/2 and IC50 values obtained after the viability assays. Source: Author’s own data.

IC50/2 IC50

CİS 1,43 μg/ml 2,92 μg/ml
SEE 18,21 μg/ml 38,16 μg/ml
SSE 19,89 μg/ml 40,85 μg/ml
STE 23,86 μg/ml 43,40 μg/ml

Table 2. IC50 values and combination indexes obtained in the synergism experiments. Source: 
Author’s own data.

IC50 Combination Index (CI)
SEE IC50/2+Cis 16,1 9,54
Cis IC50/2+SEE 154
SS IC50/2+Cis 17,1 9,37
Cis IC50/2+SSE 144
ST IC50/2+Cis 18 9,61
Cis IC50/2+STE 150
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Soft Agar Findings
Given the diffi culty of monitoring tumour devel-
opment in vivo, the soft agar technique remains 
an essential method for measuring cancer cell 
proliferation in a semi-solid environment [50]. 
Studies have shown that various Salvia species 
reduce the colony-forming ability of cancer cell 
lines in soft agar [48,51–54]. Consistent with the 
literature, our study demonstrated that the Salvia 
species used decreased the colony-forming abil-
ity of cells in soft agar when used as monother-
apy, but that combining it with Cis reduced the 
effectiveness of Cis (see Figure 3).

Wound Healing Findings
The wound-healing assay is a standard in vit-
ro technique used to analyse 2D cell migration. 
Cells migrate into a gap created mechanically, 
thermally, or chemically, and the percentage of 
gap closure is examined under a microscope 
[55]. Treatments with Salvia species have been 
shown to reduce migration ability in various cell 
lines [37,56,57]. In our study, treatment with Sal-
via species reduced the migration ability of HT-29 
cells. As observed in the viability and colony for-

mation assays, the effectiveness of the combina-
tion therapy was reduced (see Figure 4).

Normalised percentage graph of wound 
closure areas captured at 6, 12, and 24 hours 
(*p < 0.05; compared to control, **p < 0.01; com-
pared to control, #p < 0.05; compared to the group 
treated with Cis only, ##p < 0.01; compared to the 
group treated with Cis only).

Western blot fi ndings
It is well established that many cancer thera-
pies increase p53 levels. In colon cancer cell 
lines, 5-FU and various plant extracts have 
been shown to elevate p53 levels [58]. Similar-
ly, various Salvia species have been reported to 
increase p53 protein levels in cells [59,60]. In our 
study, p53 levels were signifi cantly higher in all 
groups treated with Salvia species and cisplatin 
for 72 hours than in the control group (see Fig-
ure 5). The p-values were p < 0.001 for the cis-
platin group and p < 0.05 for the Salvia groups. 
In combination therapy groups, p53 protein lev-
els were signifi cantly lower compared to the cis-
platin group (p < 0.001). Given the role of p53 in 
apoptotic processes and cellular stress, these 

Figure 2. After seeding HT-29 cells into 6-well plates, they were treated with the determined IC50 and IC50/2 doses of Cis and Salvia 
species. For monotherapy, IC50 doses were used, while for combination treatments, IC50/2 + IC50/2 doses were applied (n = 3, SD, 
ANOVA, p < 0.05). Source: Author’s own data. * p < 0.05
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Figure 3. Microscopic images of the Soft Agar assay performed with HT-29 cells. Cells seeded in 6-cm well plates were treated with 
IC50 doses for monotherapy and IC25 + IC25 doses for combination therapies. During the 21-day experimental period, DMEM supple-
mented with 20% FBS, without treatment agents, was added to the plates at 5-day intervals. At the end of day 21, the colonies were 
stained as described in the Materials and Methods section to visualise their formation. Images of the plates were captured using an 
external camera at 10× and 40× magnifi cation. (n=3).  Source: Author’s own data.

Figure 4. Microscopic images of the wound areas. HT-29 cells were seeded into 6-well plates. After ensuring cell attachment and 
suffi cient confluency, scratches were created using a sterile pipette tip. Treatments were applied using the IC50 and IC50/2 doses 
obtained from the viability assays. Images were captured under a microscope at 0, 6, 12, and 24 hours. ( n=3, SD, ANOVA, p<0.05). 
Source: Author’s own data. *p< 0.05, **p< 0.01, ##p<0.01, ##p<0.01
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Figure 5. Band images of protein levels in HT-29 cells after treatment (A), quantitative graphs showing the expression levels of mTOR 
(B), c-PARP (C), Akt1 (D), and p53 (E). * p < 0.05, ** p < 0.01, *** p < 0.001, ns: p > 0.05, compared to control. # p < 0.05, ## p < 0.01, 
### p < 0.001, compared to cisplatin-treated cells. (n=3, SD, ANOVA, p<0.05) Source: Author’s own data.

results are consistent with the literature, which 
shows that Salvia species and cisplatin induce 
stress and apoptosis when used alone in colon 
cancer cell lines. However, monotherapy appears 
to induce more stress and apoptosis compared 
to combination therapy.

c-PARP, a form of PARP-1, is associated with 
the late stage of apoptotic cell death [61]. As 
a biomarker in apoptosis, c-PARP levels have 
been found to increase in parallel with apop-
totic processes [62]. Many chemotherapeutic 
agents and plant-derived products, including 
Salvia species, are known to elevate c-PARP 
levels [59,63]. Consistent with this information, 
c-PARP levels increased with monotherapies in 
our study (p < 0.05). In combination therapies, 
a signifi cant decrease was observed relative to 
cisplatin treatment, indicating that DNA damage 
induced by monotherapy is reduced in combina-
tion therapy.

Akt, a central molecule in the PI3K-Akt signal-
ling pathway, has been associated with multiple 
cancer types when abnormally activated. Cancer 
cell migration is closely linked to Akt, which trans-
mits signals from growth factors and oncogenes 
to downstream targets [64,65]. Chemotherapeu-
tic agents, Salvia species, and their derived com-
pounds have been reported to reduce Akt1 pro-
tein levels in cancer cells [66–68]. In our study, 
monotherapy signifi cantly decreased Akt1 levels, 

consistent with the literature. However, combina-
tion therapy showed a signifi cant increase com-
pared to cisplatin treatment.

mTOR is a protein that regulates cell growth, 
mRNA translation, ribosome biogenesis, 
autophagy, and metabolism, and it is hyperac-
tivated in many cancer types [69]. Both chemo-
therapy and various plants, including Salvia, are 
known to reduce mTOR levels in cancer cells 
[66,70]. In our study, treatment with cisplatin and 
Salvia signifi cantly decreased mTOR levels. How-
ever, combination therapy showed an increase 
relative to monotherapy, indicating reduced cyto-
toxicity in the combination.

DNA agarose gel fi ndings 
Kemoterapik Chemotherapeutic agents and sub-
stances with anticancer properties target cancer 
cells by inducing DNA damage in rapidly dividing 
cells, either directly or indirectly [71]. The cellular 
response to the resulting DNA damage is closely 
related to both cancer progression and the out-
comes observed after chemotherapy. Modulating 
the DNA damage response system is considered 
an essential target for enhancing treatment effi -
cacy in cancer therapy [72]. Various Salvia spe-
cies are known to induce DNA damage in cancer 
cell lines [36,73,74]. In our study, DNA fragmen-
tation was markedly more pronounced in mono-
therapies with cisplatin and Salvia species than 
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in the control group (see Figure 6). However, in 
combination therapy, fragmentation was less 
pronounced compared to the cisplatin group. 
This indicates that monotherapy alone induces 
greater DNA damage. The reduced DNA damage 
observed in combination treatments suggests 
that the plants may decrease the effi cacy of cis-
platin.

Conclusion

In conclusion, the studied Salvia species exhib-
ited cytotoxic effects on HT-29 cell lines. Follow-
ing treatment with Salvia species, colony forma-
tion and migration abilities of the cells decreased; 
levels of proteins associated with apoptosis, 
autophagy, and DNA damage (p53, c-PARP) 
increased; and the level of mTOR, which is relat-
ed to cell proliferation, decreased. In combina-
tion treatments, results were less effective than 
those of monotherapy, indicating that the com-
bination reduced the effi cacy of cisplatin. Based 
on these fi ndings, an antagonistic interaction 
between the studied Salvia species and cisplatin 
was observed. These results can be further sup-
ported by future in vitro and in vivo studies, which 
will provide clearer insights into the use of these 
plants in cancer therapy.
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