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Abstract

Objective: Lung cancer (LC) has the highest mortality rate globally. Most chemotherapeutic medicines now in use are cytotoxic, prompting
the search for novel compounds with anticancer properties and improved safety profiles for normal cells. Dipeptidyl peptidase-4 inhibitors
have demonstrated anticancer effects and apoptotic properties by specifically inhibiting dipeptidyl peptidase-4, a glycoprotein found in
various organs that support the spread of cancer and tumor formation. Based on that, this study aimed to evaluate the cytotoxicity and
apoptotic activity of sitagliptin (SITA) and linagliptin (LINA) against the lung cancer cell line (A549) alone and in combination with cisplatin
(CP).

Methods: A549 cells were categorized into six groups: control (untreated cells), CP-treated cells, SITA-treated cells, LINA-treated cells, CP
plus SITA treated cells (1:1 ratio), and CP plus LINA treated cells (1:1 ratio). After 72 hours of incubation, cell viability (or cytotoxicity) and
concentration required to inhibit 50% of cell viability (IC50) for each group were determined using an MTT assay. This method is safe and
easy to use, has more reproducibility, and is commonly used for cell viability and cytotoxicity tests. Later, A549 cells were cultured in six
flasks and exposed to the IC,, for 36 hours. Afterward, the cells were harvested and centrifuged, and the supernatant was removed. The
remaining cell pellets were collected and lysed using a lysis buffer to measure B-cell lymphoma type 2 (BCL-2) levels with ELISA test kits.
The data was collected and subjected to statistical analysis technigues.

Results: MTT assay results determined that SITA and LINA significantly increased A549 cell cytotoxicity compared to the control group
(P<0.0001). Moreover, combining SITA or LINA with CP showed markedly increased antitumor efficacy and more significant cytotoxicity
directed toward A549 cells. Additionally, these combinations highly reduced IC,  in comparison to monotherapy. Considerably, both drugs
showed remarkable apoptotic activity on A549 cells when used alone or combined with CP by decreasing BCL2 levels. Consequently, it
potentiates apoptotic effects and cytotoxicity of CP against cancer cells. Interestingly, Lina was more potent than Sita regarding cytotoxicity
and apoptotic activity on A549 cells.

Conclusion: SITA and Lina exhibited significant cytotoxic and apoptotic effects against A549 cells through the induction of apoptosis.
Notably, the results suggest a potential synergistic anticancer impact on CP.
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Introduction

Lung or pulmonary cancer is a cancerous tumor that forms in
the lungs. It is defined by the rapid and aberrant proliferation
of cells, leading to the creation of tumors. The tumors progres-
sively increase in quantity and size, impeding the lung’s ability
to exchange oxygen efficiently.’

Metastatic lung tumor is the spread of lung cancer to other
bodily tissues such as adjacent lymph nodes and other loca-
tions within the lung, thoracic cavity, brain, skeletal system,
neurological system, liver, bone, and adrenal glands. Individ-
uals diagnosed with non-metastatic lung cancer had a median
survival time of 13 months, while those with metastatic lung
cancer had a median survival time of five months.”

Lung cancer is a significant factor in global morbidity and
mortality, accounting for 12% of new cancer cases and 18%
of annual cancer-related deaths. Lung cancer has the highest
fatality rate globally because of its poor prognosis.’

In 2020, there were 2,206,771 new instances of lung cancer
diagnosed globally, according to the latest Global Cancer
Observatory (GLOBOCAN) estimates. Lung tumors are the
primary cause of cancer occurrence and death in men, with
1,435,943 new cases and 1,188,679 fatalities. Among women,
it is the third most prevalent type of cancer, with 770,828 cases
reported, and the second related cause of cancer deaths, with
607,465 fatalities after breast cancer.’
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Lung cancer is divided into two main histological classes:
Non-small cell lung cancer (NSCLC) accounts for 85% of lung
cancer cases, while small cell lung cancer (SCLC) comprises
15%. NSCLC is divided into three principal pathological sub-
types: Squamous cell cancer, adenocarcinoma, and large cell
carcinoma.’

Therapeutic strategies for lung cancer must include
the stage of the disease, histology, molecular pathology, age,
comorbidities, and patient preferences. Therapeutic choices
include one or more of the following: surgery, radiation,
immunotherapy, and chemotherapy, including CP.°

Cisplatin (CP) is a platinum-derived chemotherapeutic
medication commonly used intravenously as the primary
chemotherapy for many cancer types.” It becomes functional
when entering a cellular component. CP cytoplasmic chlo-
ride atoms are replaced by water molecules. After hydrolysis,
the above compound exhibits high electrophilicity, enabling
it to react with various nucleophiles in nucleic acids. CP
hinders the growth of cancer cells and triggers apoptosis by
attaching to the N7 position on purine molecules, destroying
DNA.*?

Anticancer medications cause oxidative stress in living
organisms, forming lipid peroxidation and various aldehydes
that possess electrophilic characteristics. The implications of
Oxidative stress may limit the effectiveness of anticancer treat-
ments by stimulating the growth of cancer cells."” While CP
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monotherapy has shown positive therapeutic results, other
studies have reported notable side effects. Moreover, some
cancer patients have shown significant resistance to drugs and
toxicity in normal tissues, such as neurotoxicity and nephro-
toxicity, which diminish the quality of life in patients and
necessitate reducing the drug dosage, perhaps leading to the
cessation of therapy and diminishing its effectiveness."' There-
fore, Novel formulations and combination therapy with other
medications have been studied to improve the therapeutic effi-
cacy of CP.

Recent research indicates that dipeptidyl peptidase 4
(DPP-4) inhibitors exhibit significant anticancer properties
against cancer cells, such as ovarian and colon cancer cells,
especially the medications used for diabetes treatment, sitag-
liptin (SITA) and linagliptin (LINA), which were approved by
the FDA in 2006 and 2011, respectively.'?

Glucagon-like peptide-1 (GLP-1) and Glucose-dependent
insulinotropic polypeptide (GIP) are incretin hormones that
stimulate insulin release and are deactivated by the DPP-4
enzyme. The incretin hormone stimulates insulin release and
inhibits glucagon release from beta cells.”” DPP4 inhibitors
reduce the activity of the DPP-4 enzyme, hence prolonging
the effects of incretin hormones."* The DPP4 enzyme, called
Cluster of Differentiation 26 (CD26), is a transmembrane pro-
tein found in several normal cell types. Its expression in dif-
ferent tumors varies depending on the specific kind of cancer.”
Certain types of cancer, such as breast, melanoma, and endo-
metrial cancers, show reduced DPP4 expression, indicating
that DPP4 may act as a tumor suppressor. On the other hand,
malignancies such as Mesothelioma and renal, colon, and lung
tumors show higher DPP4 expression, indicating its role as a
tumor activator.'® It plays a vital role in the biology of cancer
and the development of metastases in malignant cells'”** and
the prognosis of cancer patients' represents essential tumor
markers and serves as a novel treatment target for selected can-
cers.”’ Apoptosis is an essential biological process that inhibits
unregulated cell growth and eliminates dangerous cells. The
initiation of the apoptotic pathway within mitochondria is
tightly regulated by proteins belonging to the B-cell lymphoma
2 (BCI-2) family.” BCL2 is a protein primarily found in the
endoplasmic reticulum (ER) and mitochondria and has been
recognized as a crucial regulator of both cell survival and
apoptosis. It exhibits a strong correlation with the biological
characteristics of many malignant neoplasms, such as breast
cancer, hepatocellular carcinoma, and cervical cancer.”>”
Hence, DPP4 inhibitors have been shown to improve the out-
look for some forms of cancer, such as colon,* breast,” pros-
tate,” renal,”” and colorectal® cancers, in addition to adjusting
the oxidative stress balance during chemotherapy. Direct
comparison research on the impact of SITA and LINA alone
or combined with standard chemotherapy against lung cancer
cell lines A549 is limited. The precise molecular mechanisms
through which these medicines exert their antitumor effects,
particularly in lung cancers, still need to be fully understood.
Investigating this variation could lead to understanding the
potential impact of DPP-4 inhibitors in treating lung cancer
and might aid in developing novel therapeutic approaches for
lung cancer.

Therefore, this study aimed to evaluate SITA and LINA
anticancer and apoptotic effects on the LC cell line (A549) and
compare the resultant activity with CP, a standard chemother-
apeutic agent used in anticancer protocols.
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Methods

The study was conducted in the Cell Culture laboratory at the
Department of Pharmacology and Toxicology, Faculty of Phar-
macy, University of Kufa, and lasted around two months. This
investigation was conducted on the A549 cell line using the
MTT technique previously described by Carmichael et al. and
Van Meerloo, Kaspers, and Cloos.””** The cells were cultivated
in a 96-well plate and performed a 24-hour incubation period
to encourage the development of a (cellular monolayer) at
the 80% growth phase. The previous media was removed and
replaced with a 200 pl medium containing the test drugs. Six
main groups were used: control (untreated cells), cells treated
with CP, cells treated with SITA, cells treated with LINA, cells
treated with a combination of CP plus SITA in a (1:1 ratio),
Cells treated with a combination of CP plus LINA in a (1:1
ratio). Each treatment group was exposed to six concentrations
(500, 250, 125, 62.5, 31.25, 15.625 pg/ml) with four repetitions
each. Plates were incubated for 72 hours. The medium was
removed after drug exposure, and the wells were rinsed with
phosphate-buffered saline (PBS). Formazan conversion was
identified by using a blank control. To get the desired MTT
concentration of 0.5 mg/ml, 10.8 ml of medium was mixed
with 1.2 ml of stock MTT solution (5 mg/ml). Subsequently,
200 pl of the MTT solution was added to each well. Following a
3-hour incubation, the plate had intracellular-purple formazan
crystals readily visible under an inverted microscope. The
supernatant was removed, and 100 pl of DMSO was applied to
each well to dissolve the formed formazan crystals. After incu-
bating for 30 minutes at room temperature, the cells ruptured,
and the crystals broke down.

They utilized a microplate reader at a wavelength of 570
nm to measure absorbance (optical density), and Cell viability
% was determined using the following formula:

(A Treated — A Blank) / (A Control — A Blank) x 100

Where A is the absorbance.
And then, cytotoxicity% was calculated by:

100 - cell viability x 100%

Dose-response curves were determined by non-linear
regression using a four-parameter logistic Hill equation. The
concentration at which 50% inhibition of cell viability occurred
(IC,,) was estimated for each group using GraphPadPrism 10.

Measurement of BCL2 Concentration

A549 cells were cultured in six flasks and exposed to CP, SITA,
and LINA and IC_ of CP plus SITA and CP plus LINA IC_|
for 36 hours (each with triplicate). After treatment, cells were
harvested and centrifuged, and the supernatant was removed.
The cell pellets were then lysed using a lysis buffer to extract
proteins, which were stored in a new 1.5 mL sterile Eppendorf
tube and frozen at -20°C until analyzed using a BCL2 ELISA
assay kit. An ELISA kit for human BCL-2 obtained from Bio-
assay Technology Laboratory Company (BT Lab) in Shanghai,
China, was used for assessment. The test method was carried
out following the company protocol. A microplate reader set
at a wavelength of 450 nm was utilized to measure the absorb-
ance value of each well.

Statistical Analysis

The data were collected and examined using GraphPad-
Prism Edition10 and Microsoft Office Excel 2019. A one-way

229



Original

Synergistic Antitumor and Apoptotic Activity of Sitagliptin or Linagliptin Plus Cisplatin

ANOVA test and Post hoc (Tukey) were used to assess signif-
icant differences among the data means. A P-value of 0.05 or
less indicates a statistically significant difference.

Results

Cytotoxicity in A549 cells
Cisplatin activity in the A549 cell line

Cisplatin significantly increased the cytotoxic effect on the
A549 cell line.

(P < 0.0001) in all concentrations versus the control
group, as listed in Table 1 and Figure 1.

Sitagliptin and linagliptin activity on A549 cell-line

Sitagliptin or linagliptin significantly increased the cytotoxic
effect on the A549 cell line (P < 0.0001) in all concentrations
versus the control group, as listed in Tables 2, 3 and Figures
2,3.

Effect of cisplatin plus sitagliptin or linagliptin
combinations on A549 cell line

In this investigation section, A549 cells were exposed to a
fixed ratio (1:1) of cisplatin plus sitagliptin or linagliptin con-
centrations. The results indicated a substantial cytotoxic effect

Table 1. Cytotoxic effect of cisplatin against the A549

cell line

e . Cytotoxicity % =+ SD
Concentration (pg/ml)

Control 0+0

15.625 23.07+1.30
31.25 3523+324
62.5 64.36 + 241
125 7743 +1.27
250 81.39+1.26
500 83.62 + 040

CP: Cisplatin; SD: Standard deviation.
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40+

A549 Cytotoxicity%

20+

T T T T T T
15.625 31.25 625 125 250 500

CP Concentration pg/ml

Fig. 1 The anticancer activity of Cisplatin on the A549 cell line. CP:
Cisplatin; A549: lung cancer cell line model.
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Table 2. The cytotoxic effect of sitagliptin
against the A549 cell line

SITA

Concentration (pg/ml) RGO
Control 0+0

15.625 9.58 +£0.550719
31.25 1434 +2.8293
62.5 2191 £29226
125 26.70 + 0.406857
250 38.18 £ 2.18260
500 40.88 + 0.465

SITA: Sitagliptin; SD: Standard deviation.

Table 3. The cytotoxic effect of Linagliptin against

the A549 cell line

t:mentration (pg/ml) G L)
Control 0+0

15.625 17.156 + 3.88647
31.25 17.220 + 6.78542
62.5 34.659 + 13.89682
125 83.771 £ 9.69750
250 92.851 + 1.41866
500 92.658 + 0.46367

LINA: Linagliptin; SD: Standard deviation.
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Fig. 2. Anticancer effect of Sitagliptin on the A549 cell line.
SITA: Sitagliptin; A549 = A549: lung cancer cell line model.

on A549 for all concentrations in both combinations com-
pared to the control group (P < 0.0001), as seen in Table 4 and
Figures 4, 5, respectively.

Comparison between the activity of cisplatin alone against
cisplatin plus sitagliptin or linagliptin combinations
regarding the A549 cell line

Both CP plus SITA or LINA combination demonstrated a
higher significant increase in cytotoxicity percent (P < 0.0001)
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LINA Concentration pg/ml

Fig. 3 Anticancer effect of linagliptin on the A549 cell line. LINA:
Linagliptin; A549 = A549: lung cancer cell line model.

Table 4. The cytotoxic effect of cisplatin plus sitagliptin and
cisplatin plus linagliptin against the A549 cell line

Combination

concentration CP.-I-.S"A CP.+ .”NA
(ug/ml) cytotoxicity % +SD  cytotoxicity % + SD
Control 0+0 0+0
15.625 + 15.625 3794 + 854 45328 £8.54
31.25+31.25 76.88 £1.02 75.098 £1.02
62.5+62.5 7666+ 0.0 75.187 £ 0.00
125+125 7935+ 2.68 77478 +2.68
250 + 250 8244 +1.16 79.882£1.16
500 + 500 82.55+0.34 83.277 +£0.34

CP: Cisplatin; SITA: Sitagliptin; LINA: Linagliptin; SD: Standard deviation.

100 -
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60 =

AS549 Cytotoxicity%

x i
x ,:f’:‘x q;]’. p{\f cf’

< )
N CP+SITA Concentration pg/ml

Fig. 4 Anticancer effect of Cisplatin plus Sitagliptin on the A549
cell line. CP+SITA: Cisplatin + Sitagliptin; A549: lung cancer cell
line model.
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Fig. 5 Anticancer effect of Cisplatin plus Linagliptin on the A549
cell line. CP+LINA: Cisplatin + Linagliptin; A549: lung cancer cell
line model.

on the corresponding cell line compared to CP alone, particu-
larly at concentrations of 15.625, 31.25, and 62.5% pg/ml, as
seen in Table 5 and Figures 6, 7, respectively.

The study compared the effect of CP, SITA, and LINA alone
and a combination of CP plus SITA or LINA on IC, in the
A549 cell line

The IC,, of CP, SITA, and LINA alone was reduced from
49.81,829.5 and 81.1 pg/ml, respectively, to 26.42 ug/ml for a
combination of CP plus SITA and 26.47 for a combination of
CP plus LINA, as shown in Table 6.

Human BCL-2 Measurement

Cisplatin effect on BCL2 level

The study findings demonstrated a significant elevation in
BCL2 concentration (P < 0.0001) following treatment of A549
cells with IC, of CP compared to the control group, as seen
in Figure 8.

Sitagliptin or linagliptin effect on BCL2 level

The results indicated a significant reduction in the BCL2 level
(P <0.0001) and (P < 0.001) following treatment of A549 cells
with SITA or LINA IC,  when compared to the control group.
However, no significant difference was detected between SITA
and LINA-treated cells, as seen in Figure 8.

Comparison between the effect of cisplatin alone
against cisplatin plus sitagliptin or linagliptin
combinations on the BCL2 Level

Exposing A549 cells to a combination of CP plus SITA or
LINA IC,, demonstrated a significant decrease in BCL2 level
(P < 0.0001) compared to cells treated with CP alone. Fur-
thermore, no significant differences were observed between
cells treated with CP plus SITA and those treated with CP plus
LINA, as shown in Figure 8.
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Table 5. Comparison between the effect of cisplatin alone against cisplatin plus
sitagliptin or linagliptin combinations on the A549 cell line

Concentration (4 CP+SITA CP+LINA
(pg/ml) Cytotoxicity% + SD Cytotoxicity % + SD Cytotoxicity % +SD
Control 0+0 0+0 0+0
15.625 + 15.625 23.07+1.30 37.94 £ 854 45328 +8.54
31.25+31.25 35234324 76.88 +£1.02 75.098 £ 1.02
62.5+625 64.36 £ 2.41 7666 +£0.0 75.187 £ 0.00
1254125 7743 +£1.27 79.35+2.68 77478 +£2.68
250 + 250 81.39+1.26 8244 +1.16 79.882 +1.16
500 + 500 83.62 +0.40 82.55+0.34 83.277+0.34

CP: Cisplatin; SITA: Sitagliptin; LINA: Linagliptin; SD: Standard deviation.
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Fig. 6 Comparison between the Anticancer effect of cisplatin
alone and a combination of cisplatin plus Sitagliptin on the A549
cell line. CP: Cisplatin; CP+SITA: Cisplatin +Sitagliptin; A549: lung
cancer cell line model.
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Fig. 7 Comparison between the Anticancer effect of cisplatin
alone and a combination of cisplatin plus linagliptin on the A549
cell line. CP: Cisplatin; CP+SITA: Cisplatin + Linagliptin; A549: lung
cancer cell line model.

Table 6. Comparison between the effect of cisplatin,
sitagliptin, and linagliptin alone and their combinations
on IC50 in the A549 cell line

Parameter p LINA
49.81 81.1

SITA
829.5

CP+SITA
2642

CP+LINA
2647

IC,, ug/ml

CP: Cisplatin; SITA: Sitagliptin; LINA: Linagliptin; IC, : The concentration at
which 50% inhibition of cell viability occurred.
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Fig. 8 The effect of cisplatin, sitagliptin, linagliptin, and their
combinations on BCL2 level in the A549 cell line. ****: P < 0.0001
compared to control; ***: P < 0.001 compared to control; ####: P
<0.0001 compared to CP-treated cells; BCL-2: B-cell ymphoma
type 2.

Discussion

The biggest challenges in cancer therapy include the det-
rimental consequences of medications and an increase in
resistance to treatment, which accounts for more than 90% of
fatalities in cancer patients undergoing conventional chemo-
therapy.” Researchers attempt to resolve these challenges by
employing a variety of treatments.”> Combination therapy has
the potential to enhance the therapeutic effects of anticancer
treatments while simultaneously reducing their adverse effects
by decreasing the dosage of the drugs.”**

The study was designed to evaluate the potential cyto-
toxicity and apoptotic effect of SITA and LINA on A549 cells
alone and in combination with CP. To achieve these objectives,
the toxicity of the tested cancer cells was evaluated using the
MTT assay. Furthermore, the apoptotic role of the drugs and
combinations under investigation was assessed using the BCL2
assay in the cancer microenvironment. A previous investi-
gation discovered a notable increase in the expression of the
DPP4 enzyme in lung adenocarcinoma compared to normal
lung tissue. This indicates that the use of DPP4 inhibitors that
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block the activity of this enzyme has the potential to limit the
progression of lung cancer.”

The present study results show that SITA and LINA have
demonstrated anticancer effects and cytotoxicity toward A549
cells compared with the control using MTT assay. These find-
ings align with the results reported by Amritha et al.,** in
which The MTT assay was employed to assess the anticancer
efficacy of DPP4 inhibitors, SITA, and Vildagliptin (VILDA)
on colorectal cell lines (HT-29). The results demonstrated
that both medicines had substantial anticancer properties
compared to the control, acting as cytotoxic agents against
colorectal tumor cells. Additionally, it was observed that SITA
exhibited more potency; the IC50 of SITA is (32.1 ug/ml) com-
pared to the IC50 of VILDA (125 pg/ml) in colon cancer cell
lines.

Likewise, in a recent study, it was shown that individuals
with diabetes who were administered the DPP4 inhibitor SITA
exhibited improved overall survival rates following undergoing
surgery for colorectal or lung cancer in comparison to patients
who were receiving alternative treatments for diabetes.”* Addi-
tionally, subsequent research demonstrated that LINA has
an effective cytotoxic activity against HCT116 (colorectal)
cancer cells by the induction of cell cycle arrest, specifically
at the G2/M and S phases, hence restricting cell prolifera-
tion.”” More evidence was noticed with recent research indi-
cating that GLP-1 plays a beneficial and defensive function in
transplanted tumors and colon cancer cell lines, suggesting
that inhibiting the DPP-4 enzyme by DPP4 inhibitors could
enhance the efficacy of GLP-1.%

Regarding CP, the cytotoxic impact of CP on cancer cells
is mainly attributed to its ability to induce apoptosis and cell
cycle arrest, as previously reported.” Based on the present
study results, it was found that CP exhibited cytotoxic effects
on A549 cells in a dose-dependent manner, consistent with
those reported by Liu et al.,* who demonstrated that CP
inhibits the proliferation of lung cancer cell lines. In the cur-
rent study, combining CP with SITA or LINA dramatically
increased cytotoxicity in A549 cells at low concentrations
(15.625, 31.25 and 62.5) pg/mL Compared to CP alone, which
may suggest the presence of synergism between CP and SITA
or LINA. This synergism could explain the enhanced cytotox-
icity against lung cancer cells. Similar findings were reported
in a study conducted to evaluate the impact of SITA, alone
or in conjunction with paclitaxel, on ovarian cancer cells and
metastatic progression.”’ Furthermore, the antitumor efficacy
of SITA, alone in treatment or in conjunction with doxoru-
bicin, has been observed in mice cancer models. Interestingly,
concurrent administration of SITA plus doxorubicin signifi-
cantly reduced tumor size compared to the use of either medi-
cine alone.” Induction of apoptosis is an essential approach to
cancer treatment. However, cancer cells have evolved diverse
mechanisms to evade apoptosis-induced cell death.*” One of
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these mechanisms is increasing the production of inhibitors of
apoptosis proteins (IAP) related to the BCI-2 family, resulting
in resistance to mortality and limiting the effectiveness of
treatment; on the other hand, the down-regulation of these
proteins can lead to a significant cytotoxic response in cancer
cells.”” The present study showed a relative resistance of A549
cells to CP treatment, which was explained by the increased
level of BCL2 in A459 cells treated with CP IC, compared
to the control group. These findings are aligned with those
of Losert et al.,*, who found that CP increased BCL2 expres-
sion in lung cancer cells and inhibited the phosphorylation
of Bcl-2. Furthermore, the current study showed that lung
cancer cells treated with IC_ of SITA or LINA plus CP sig-
nificantly lowered the level of BCL2 in the corresponding
cells compared to those detected in cells treated with CP
IC,, alone. Consistently with these results, previous studies
by You et al.” demonstrated that SITA inhibited cell prolif-
eration and induced apoptosis in the immortalized and pri-
mary glioblastoma cells. Similarly, the study reported by Mani
et al.* showed that the primary mechanism by which LINA
exerts its inhibitory effects on colorectal cancer cell growth
facilitates cell apoptosis by cell cycle arrest and inhibits BCL2
expression. Furthermore, Alameen et al.”’ indicated that
when SITA is combined with CP, the BCL2 level significantly
decreases compared to the control and CP-treated groups.
Based on the above, combining SITA or LINA plus CP may
demonstrate a synergistic apoptotic effect on lung cancer cells.

Conclusion

DPP4 inhibitors, SITA or LINA, revealed antitumor activity
against A549 cells based on MTT assay at 500, 250, 125, 62.5,
31.25, and 15.625 pg/mL concentrations. In combination with
CP, both these medications synergistically increased the cyto-
toxicity towards A549 cells at low concentrations of 62.5, 31.25,
and 15.625 pg/mL, which can help reduce the dose and, sub-
sequently, cisplatin’s side effects in cancer treatment protocols.
Moreover, SITA or LINA showed an apoptotic effect against
the treated A549 cells based on the BCL2 measurement, which
may help augment the apoptotic efficacy of CP on cancer cells.
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