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Abstract
Background Pancreatic cancer is among the most aggressive and malignant tumors and is a leading cause of 
cancer-related mortality. It is characterized by its metabolic Warburg effect and glucose dependence. Aerobic 
glycolysis is a key feature of metabolic reprogramming in cancer cells. This study investigates the combined effect of 
metformin and FX11, hypothesizing that disrupting cancer cell energetics through complementary mechanisms may 
result in a synergistic therapeutic effect. The combination of metformin and FX11 affects the axis that regulates vital 
functions in cancer cells; thus, the uncontrolled growth of tumor cells, especially those that use a lactose-dependent 
energy pathway, can be controlled. Several in vitro experiments were conducted to evaluate this hypothesis. PANC-1 
cell proliferation was assessed using an MTS assay, lactate levels were measured via an LDH assay, and apoptosis 
was determined using a flow cytometry-based PE-annexin V assay. The downstream effects of metformin and FX11 
treatment were evaluated via western blot analysis.

Results The findings of this study revealed that metformin and FX11 significantly decreased the viability of PANC-1 
cells when used in combination, and this effect was achieved by significantly affecting the energy mechanism of the 
cells through the AMPKα axis. Furthermore, the lactate levels in PANC1 cells co-treated with metformin and FX11 were 
significantly decreased, while the increased cellular stress led the cells to apoptosis.

Conclusions Compared with metformin treatment alone, the combination treatment of metformin and FX11 
stimulates cellular stress in pancreatic cancer and targets various energy processes that encourage cancer cells to 
undergo apoptosis. This study provides a novel therapeutic strategy for the treatment of pancreatic cancer.
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Background
Pancreatic cancer is one of the most aggressive and 
malignant tumors. Most patients with pancreatic cancer 
are diagnosed at an inoperable stage. Despite improve-
ments in early diagnosis, surgical techniques, and che-
motherapy, the 5-year survival rate of patients with 
pancreatic cancer is approximately 6% [1], and the over-
all prognosis of patients with pancreatic cancer remains 
poor; therefore, more effective therapeutic strategies 
need to be developed [2]. The development of novel tar-
get mechanisms is crucial for tumors, like pancreatic 
cancer, that have become resistant to current chemother-
apeutic therapies.

Glucose metabolism, essential for mammalian survival, 
uses energy in the form of ATP through the oxidation 
of carbon bonds. The end-product of energy metabo-
lism in mammals may be CO2, which is formed due to 
the complete oxidation of glucose, or lactate, which is 
not produced in this way [3]. Unlike healthy cells, can-
cer cells depend on a process called aerobic glycolysis, 
known as the Warburg effect. Even in the presence of 
perfectly functioning mitochondria and sufficient oxygen 
in the environment, cancer cells rapidly convert glucose 
into lactate [4]. In the presence of sufficient oxygen and 
mitochondrial capacity in the cell, pyruvate is normally 
converted to acetyl-CoA and then enters the Krebs cycle. 
In the absence of oxygen or excessive glycolysis, pyruvate 
is reduced to lactate, which is produced by the enzyme 
lactate dehydrogenase (LDH) [5]. This process recycles 
NAD+, which is reduced to NADH during glycolysis, 
thus allowing glycolysis to continue. The conversion of 
pyruvate to lactate maintains intracellular pH homeo-
stasis and acidifies the extracellular space by removing 
protons from the glyceraldehyde 3-phosphate dehydroge-
nase reaction during glycolysis. Studies have shown that 
lactate in the microenvironment modulates immune cell 
function and promotes invasion and metastasis, includ-
ing tumor glycolysis and lactate secretion, in processes 
that affect cancer-related mortality [6, 7].

Metformin, a widely used antihyperglycemic agent, is 
also of interest in cancer treatment and prevention. Epi-
demiologic studies have shown that metformin treatment 
in type-2 diabetes patients is associated with a reduced 
risk of several cancers, such as colorectal cancer, pros-
tate cancer, and pancreatic cancer [8, 9]. Based on this 
evidence, in-vitro and in-vivo studies have demonstrated 
that the use of metformin as a therapeutic agent can 
inhibit cell proliferation in cancer cell lines and affect 
tumor growth in mouse xenografts of cancers, such as 
prostate cancer, breast cancer and colon cancer [10–12]. 
Wang et al. demonstrated in their systemic review and 
meta-analysis that there is also evidence for a significant 
association between metformin adjuvant treatment and 
survival benefit for pancreatic cancer patients, suggesting 

a potentially available option for treatment [9]. Stud-
ies on pancreatic cell lines and animals have also shown 
that metformin inhibits cell proliferation and restricts 
tumor growth [13–15]. The effect of metformin depends 
on its ability to alter the energetic state of the cell. The 
central mechanism of action involves inhibiting respira-
tory chain complex 1, lowering the energy status of the 
cell and inhibiting gluconeogenesis. The lower energy 
status of the cell indicated by the increasing AMP/ATP 
ratio activates AMP-activated protein kinase (AMPK), 
which controls significant pathways affecting cell growth. 
By decreasing protein synthesis and enforcing a meta-
bolic checkpoint during the cell cycle, metformin slows 
cell proliferation [16, 17]. Studies have shown that cells 
treated with metformin become energetically inef-
ficient and display increased glycolysis [18]. Molecu-
lar mechanisms by which metformin affects tumors: 
insulin-dependent/independent, ultimately inhibiting 
the growth of cancer cells. Both of these mechanisms of 
metformin depend on the activation of AMP-activated 
protein kinase (AMPK) [19]. AMPK regulates the energy 
metabolism of cells and is activated by the increase in 
AMP/ATP. LKB1 is located upstream of AMPK. LKB1 is 
a serine/threonine kinase previously identified as a tumor 
suppressor gene [20, 21]. This molecule is the kinase 
responsible for the phosphorylation of AMPK and is 
required to activate AMPK in response to energy stress 
in cell culture [22–24]. As a direct result of AMPK acti-
vation, inhibition of the mTOR pathway occurs through 
phosphorylation and activation of tuberous sclerosis 
complex 2 (TSC2), a subunit of the TSC1/TSC2 (hamar-
tin/tuberin) complex that negatively regulates mTOR 
signaling [25, 26]. In many cellular processes involved in 
energy consumption, mTOR plays a central role in regu-
lating cell growth [27]. Therefore, the inhibition of mTOR 
through AMPK activation is an important approach for 
cancer therapy [28].

Aerobic glycolysis, a key feature of metabolic repro-
gramming in cancer cells, supports rapid and continuous 
proliferation and growth, maintenance of the cancer stem 
cell state, survival, and immune system evasion. It plays 
a role in malignant progression and is also characterized 
by an increase in key glycolytic enzymes, such as lac-
tate dehydrogenase A (LDHA), which is responsible for 
converting pyruvate to lactate [29]. Studies have shown 
that the inhibition of LDHA expression in cancer cell 
lines results in increased oxygen consumption and reac-
tive oxygen species production, reduced glucose uptake 
and lactate production, and decreased tumor cell growth 
[30, 31]. Many human cancer cell lines, such as those 
from pediatric osteosarcoma, lymphoma, prostate can-
cer, gallbladder carcinoma, hepatocellular carcinoma, or 
pancreatic cancer, have been shown to exhibit abnormal 
overexpression of LDHA, which can also promote cancer 
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proliferation, migration, and invasion [32–35]. Targeting 
key glycolytic enzymes has also increased interest as a 
therapeutic intervention option in pancreatic cancer. In-
vitro studies have demonstrated that targeting LDHA can 
reduce the proliferation, migration, and invasion of pan-
creatic cancer, and in-vivo studies have shown that tumor 
growth is decreased [32, 36]. In many experiments, FX11 
(3-dihydroxy-6-methyl-7-(phenylmethyl)-4-propylnaph-
thalene-1-carboxylic acid), an NADH competitive inhibi-
tor of LDHA, was used to inhibit the expression of LDHA 
[34, 36]. Both metformin and FX11 have been studied as 
therapeutic approaches in cancer treatment, and both 
have been shown to affect cancer cell energy metabolism 
[37–39]. However, the effects of their combination on 
pancreatic cancer cells have not been investigated.

According to the hypothesis of the study, co-admin-
istration of FX11 and metformin should target cancer 
cells through two important mechanisms. First, FX11 
decreases the synthesis of ATP through glycolysis, 
whereas metformin inhibits mitochondrial respiration. 
An energy crisis may result from this since cells may 
quickly exhaust their energy stores. Due to their high 
energy requirements, cancer cells should experience a 
significant energy shortage that triggers death if both 
energy generation pathways are simultaneously inhib-
ited [40]. Second, FX11 might lead to the formation of 
ROS by increasing mitochondrial activity. Particularly in 
cells that are already under stress, this would set off the 
apoptotic process. Metformin’s inhibition of mitochon-
drial respiration might accelerate the process. Based on 
this assumption, our study combined metformin and 
FX11 agents to increase the cell death rate in cancer 
cells, resulting from increased oxidative stress and energy 
shortage. We evaluated the effects of metformin and 
FX11, alone or in combination, in a pancreatic cancer cell 
line and assessed the impact of these agents via several in 
vitro assays, LDH assays, apoptosis assays, and Western 
blotting.

Methods
Cell Culture and reagents
The human pancreatic cancer cell line PANC-1 was 
obtained from Yeditepe University Genetic Diagno-
sis Center (Acibadem, Turkey). The PANC-1 cell line to 
be used in the study was chosen based on its hypoxic 
microenvironment, dependency on glycolysis, and easy 
cultivability. PANC-1 cells were cultivated in DMEM 
(Dulbecco’s modified Eagle’s medium) supplemented 
with low glucose, 10% FBS and 1% (w/v) penicillin/strep-
tomycin at 37  °C with 5% CO2. A 0.25% trypsin-EDTA 
solution was used for subculture of cells. The medium 
was changed every 2 days, and the cells were passaged 
when they reached 80% confluence.

Metformin and FX11 with a high purity ratio, were 
preferred in the present study, and the agents were used 
according to the manufacturer’s protocol. The dose range 
and in-vitro administration period used to determine the 
effect on cell viability were applied based on literature 
studies; Metformin (Purity: >98%, Fisher Scientific, cata-
logue number: 2864100) was used in a range of 0.05 mM 
to 25 mM [41–44], and FX11 (Purity: ≥96%, Calbiochem, 
catalogue number: 427218) was used in a range of 0.5 µM 
to 30 µM [45–47].

Cell viability assay
Cell viability was assessed with the CellTiter 96® Aque-
ous One Solution Cell Proliferation Assay (Promega, 
catalogue number: G3581). PANC-1 cells were seeded in 
96-well plates and treated with metformin or FX11, and 
their combinations were investigated to determine their 
effects on the proliferation and progression of cancer 
cells. The metformin concentrations used in this study 
ranged from 0.05 mM to 25 mM, and the FX11 concen-
trations ranged from 0.5 µM to 30 µM. The MTS assay 
was performed at 96 h. The absorbance was recorded at 
490 nm via a microplate reader.

Lactate assay
The lactate levels of the experimental groups were mea-
sured with a colorimetric lactate assay kit (Cell Biolab 
Inc., catalogue number: MET-5012). This assay mea-
sures lactate in biological samples. Lactate is oxidized 
by lactate oxidase to pyruvate and hydrogen peroxide. 
Hydrogen peroxide is then detected with a highly specific 
colorimetric probe. Horseradish peroxidase catalyzes 
the reaction between the probe and hydrogen peroxide 
bound at a ratio of 1:1. The samples and standards were 
incubated for 30–45 min and then read with a standard 
96-well colorimetric plate reader. The samples were com-
pared to a known concentration of lactate standard in 
a 96-well microtiter plate. To measure the lactate level 
of the experimental groups, the assay was performed 
according to the manufacturer’s instructions at the end of 
96 h.

Western blot
Western blotting was performed with AMPKα- and 
p-AMPKα-specific antibodies via Mini-PROTEAN® 
Tetra Cell, Mini Trans-Blot® Module, and 22 PowerPac™ 
Basic Power Supply (Bio-Rad, 1658033) in the labora-
tory. β-actin was used as an internal control. Total pro-
tein isolation from the cell groups was carried out via 
“RIPA (CST, Cat No: 9806)” supplemented with “phos-
phatase & protease inhibitor solution (Thermo Scientific, 
Cat No: 78440)”. The protein concentration was deter-
mined via a Pierce BCA Protein Assay Kit (Thermo Sci-
entific, Cat No: 23225). Proteins were separated via 12% 
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SDS‒PAGE (TGX™ FastCast™ Acrylamide Kit, Bio-Rad, 
Cat no: 1610175) and transferred to a PVDF membrane 
(polyvinyl fluoride 45  mm, Thermo Scientific, cat no: 
88518). The membranes were subsequently blocked in 
2.5% bovine serum albumin (BSA; Sigma‒Aldrich, Cat 
no: A9647) solution. Antigen antibody complexes were 
formed with a horseradish peroxidase (HRP)-conjugated 
secondary antibody (Invitrogen Life Technology), and 
the resulting luminescence was obtained via chemilumi-
nescence irradiation (Clarity Western ECL Substrate Kit, 
Bio-Rad, Cat no: 1705061). After imaging, the protein 
bands were analyzed via the “ImageJ (Image Processing 
and Analysis in Java)” program.

Apoptosis assay
The apoptosis assay was performed via a PE Annexin V 
Apoptosis Detection Kit I (BD Pharmingen™) according 
to the manufacturer’s instructions. PE Annexin V stain-
ing precedes the loss of membrane integrity from apop-
totic or necrotic processes. Therefore, PE Annexin V 
staining is used in conjunction with 7-amino-actinomy-
cin (7-AAD) to allow the identification of early apoptotic 
cells (7-AAD negative, PE Annexin V positive). Living 
cells with intact membranes exclude 7-AAD, whereas 
membranes of dead and damaged cells are permeable 
to 7-AAD. PANC-1 cells were treated with metformin 
and/or FX11 and DMSO (control) for 96  h, after which 
the assay was performed according to the manufacturer’s 
instructions.

Statistical analysis
The data were statistically analyzed via the ANOVA 
(unpaired) method. Differences with p values of < 0.05 
were considered statistically significant. GraphPad Prism 

8 (GraphPad, San Diego, CA, USA) was used for all the 
statistical analyses. In each experiment, results were 
obtained by analysis of repeated experiments (n = 3).

Results
Cell viability assay
Increasing the metformin dose decreased the viabil-
ity of PANC-1 cells in an inversely correlated manner 
(Fig. 1A-B). Similarly, increasing the FX11 dose reduced 
the viability of PANC-1 cells. Furthermore, various FX11 
concentrations were combined with both high and low 
metformin concentrations. In combination with an effec-
tive FX11 dose and two distinct metformin doses, the 
effects on cell viability were very similar (Fig.  2). The 
selected doses of metformin or FX11, which affect cell 
viability when administered alone, were administered in 
combination. Metformin agent alone has a toxic effect on 
cell viability when used at high doses (20 mM and above). 
High doses of FX11 (30 µM and above), on the other 
hand, did not cause a significant change in cell viability. 
In addition, the combination of low-dose (0.1 mM) met-
formin and FX11(20 µM) agents (M1F3 group in Fig. 2) 
did not have a significant effect on functional experi-
ments (data not shown), although a significant decrease 
in cell viability occurred even in the presence of lower 
metformin. Therefore, the condition in which the effec-
tive dose of metformin (10 mM) was used both alone and 
in combination (M2F3 group in Fig.  2) with FX11 was 
used in further experiments.

LDH assay
Theoretically, FX11 should reduce lactate production by 
inhibiting LDH. In combination with metformin, can-
cer cells produce less pyruvate through lower energy 

Fig. 1 Viability of PANC-1 cells via the MTS assay. a) Viability of cells treated with metformin. b) Viability of cells treated with FX11
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production pathways. Therefore, a significant reduc-
tion in lactate levels is expected when these two agents 
are used together. To test the cellular lactate level, an 
LDH assay was used in this study. Lactate levels in 
PANC-1 cells treated for 96 h with metformin (10 mM) 
and/or FX11 (20 µM) are shown in Fig. 3. Lactate levels 
were significantly lower than those in the control group 
(*p < 0.05).

Western blot
The amount of AMPKα protein altered in the experimen-
tal groups compared with the control group was deter-
mined. β-actin was used as an internal control protein. 
Compared with that in the control PANC-1 cells, the 
p-AMPKα protein ratio was greater in the metformin (10 
mM) and FX11 (20 µM) combination groups than in the 
control group (Fig. 4).

Apoptosis assay
The apoptosis level of cells was investigated via an 
Annexin V/7-AAD staining assay (Fig. 5). Among the 
agents applied to the cells for 96 h, metformin (10 mM) 
induced 11.9% early apoptosis and 1.6% late apoptosis in 
PANC-1 cells. FX11 (20 µM) induced 24% early apopto-
sis and 25.8% late apoptosis. The combination of metfor-
min and FX11 induced 24.8% early apoptosis and 22.3% 
late apoptosis. The results revealed that there were no 
significant differences between the early and late stages 
of apoptosis; however, the results revealed that the cells 
were significantly more likely to undergo apoptosis than 
the DMSO control group was.

Discussion
Metformin and FX11 have different effects on cell mech-
anisms. Elevated cellular glucose metabolism is a param-
eter that plays an important role in cancer progression. 
In addition to the antidiabetic properties of metformin, 
most recent clinical studies have shown that it has a 

Fig. 2 Effects of drug combinations on viability. M: metformin; M1: 0.1 mM (low-dose) metformin; M2: 10 mM (effective-dose) metformin. F: FX11 agents; 
F1: 2.5 µM (low-dose), F2: 7.5 µM (intermediate-dose), F3: 20 µM (effective-dose). DMSO: Control group. Experiments were performed in triplicate (n = 3). 
Statistical significance: p < 0.05
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significant effect on cancer progression [48–50]. The 
main mechanism of action of metformin is to inhibit 
mitochondrial complex I, which plays a role in the cellu-
lar energy supply, making it difficult for the cell to sup-
ply energy and inhibiting the mTOR (mammalian target 
of rapamycin) pathway, which is responsible for growth 
and proliferation by activating the AMPK signaling path-
way. This affects the proliferation of cancer cells by sup-
pressing cell growth and protein synthesis [51, 52]. FX11 
is an inhibitor of an enzyme that plays a critical role in 
enabling cells to obtain energy through glycolysis. Cancer 
cells frequently utilize the Warburg effect, which enables 
energy production by converting glucose to lactate and 
thus can promote rapid energy production. FX11 acts as 
an inhibitor of the enzyme LDHA, which acts precisely 

on this mechanism [47, 53]. In the literature, Hua et al. 
reported that metformin has started to be used in anti-
cancer interventions because of its ‘direct’ effects as an 
insulin sensitizer as well as its ‘indirect’ effect on cellu-
lar energy mechanisms [54]. Another study aimed to 
increase the anticancer effect of metformin in combina-
tion with antitumor agents [55, 56]. In a study investigat-
ing the anticancer effects of FX11, the LDHA enzyme was 
found to be essential for cancer progression. In addition, 
FX11 treatment reduced tumor volume and slowed pro-
gression in lymphoma and pancreatic cancers [57]. In the 
literature, studies have targeted different energy mecha-
nisms to evaluate their effects on cancer progression. 
In one of these studies, it was determined that the shift 
between metabolic enzymes reduced the progression of 

Fig. 3 Intracellular lactate levels in PANC-1 cells. MET: metformin; MET/FX11: combination of metformin (10 mM) and FX11 (20 µM). Experiments were 
performed in triplicate (n = 3). Statistical significance: p < 0.05
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cancer cells by stressing cancer cells via energy mecha-
nisms [58].

In the experimental stages of our study, we prioritized 
the choice of cancer type and cell line with appropriate 
characteristics to evaluate the hypothesis. Pancreatic can-
cer was therefore one of the most common cancer types 
with a significant metabolic Warburg effect and glucose 
dependence [59–62]. In addition, to demonstrate the 
hypothesis of the study experimentally, the cancer type 
to be selected had been investigated in terms of micro-
environment. Therefore, among the cancer types with 
elevated LDHA activity and a hypoxic microenviron-
ment, pancreatic cancer was once again prevalent. This 
investigation was conducted using pancreatic cancer cells 
based on these selection criteria [63–67]. The PANC1 cell 
line was used for our study’s pancreatic cancer model due 
to the based on its therapy resistance character [68–71]. 
In order to determine the impact of Metformin/FX11 
combination therapy in resistant tumors, it was aimed 
at modeling some of the resistance mechanisms noticed 
in the clinic using the PANC1 cell line. In addition, 
PANC-1 cells represent specific biological characteristics 
of cancer cells, such as glycolysis dependence (Warburg 
effect). The metabolic pathways of healthy pancreatic 
cells are very different. Therefore, they might not directly 
address this study’s concept. Similarly, the combination 
of FX11 and metformin may be effective in cells with 
high LDHA activity and glycolysis dependence. Since this 
mechanism is usually not active in healthy cells, it may 

not be appropriate to include healthy cells in the study. 
Therefore, experimental studies were performed with a 
pancreatic cancer cell line. In further studies, different 
pancreatic cancer cell lines and cell lines of different can-
cer types can be included in the study.

In our study, the effects of metformin and FX11 on 
the viability of pancreatic cancer cells were individu-
ally assessed in a dose-dependent manner. However, the 
combined use of these two agents significantly affected 
the viability of cancer cells. For this reason, the effects 
of both alone and in combination were analyzed in all 
functional experiments. An effective dose of FX11 simi-
larly affects viability at low and high metformin doses. 
The fact that a lower dose of metformin is required when 
metformin is used in combination with FX11 suggests 
that lower doses of metformin could also be investigated 
in combination. In this study, the same experiments were 
performed with low-dose metformin (0.01–0.1 mM). 
However, in these experiments, low-dose metformin did 
not have an anticancer effect on functional experiments 
(data not shown).

In recent years, the interest in the anticancer activity of 
metformin has increased and it has been determined that 
it induces apoptosis in various types of cancer cells. In 
these studies, it has been shown that metformin induces 
apoptosis through critical molecules in cancers such as 
STAT3, as well as its direct activity on programmed cell 
pathways [13, 72–76]. The energy mechanism that cancer 
cells provide for themselves increases their proliferation 

Fig. 4 AMPKα protein levels in PANC-1 cells. a) Membrane image of the western blot analysis. b) Bar charts of the western blot analysis results. Experi-
ments were performed in triplicate (n = 3). Statistical significance: p < 0.05
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Fig. 5 Apoptosis level of PANC-1 cells. DMSO: control group; early: early apoptotic cells; late: late apoptotic cells. a) Flow cytometry panel of the apoptosis 
assay. b) Bar charts of the apoptosis assay results. Experiments were performed in triplicate (n = 3). Statistical significance: p < 0.05
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rate and supports their ability to divide indefinitely [58]. 
Inhibition of the energy mechanism and increased cellu-
lar ROS levels due to inhibition of glycolysis can inhibit 
the proliferation of cancer cells. This study aimed to tar-
get pancreatic cancer cells through several energy mech-
anisms to restrict their energy consumption and increase 
their tendency toward apoptosis by increasing cellular 
stress. For this purpose, cells are targeted with metfor-
min and FX11 to inhibit both the glycolysis pathway and 
oxidative phosphorylation and to increase the tendency 
toward apoptosis by increasing ROS production, leading 
to DNA damage and cellular stress in cells. This strategy 
is intended to be effective in pancreatic cancer cells that 
are highly glycolysis dependent and exhibit the Warburg 
effect. Compared with their counterparts, PANC-1 cells 
treated with a combination of metformin and FX11 pre-
sented significantly lower lactate levels. This decrease in 
the lactate level in PANC-1 cells suggested that the gly-
colysis pathway, which is highly dependent on glucose, 
could be inhibited in these cells. Cell viability was shown 
to decrease significantly when 20 µM FX11 was adminis-
tered to PANC-1 cells. An apoptosis assay was performed 
to determine whether this decrease in the viability of 
PANC-1 cells was due to a programmed cell death path-
way. The results revealed that the cell group that received 
both FX11 and metformin combination treatment exhib-
ited a significant percentage of apoptotic cells. Early and 
late apoptotic cells did not differ significantly from one 
another.

In this study, metformin was used to investigate the 
mechanism by which it inhibits mitochondrial respira-
tory chain complex-1. This inhibition alters the energy 
status of the cell and activates AMP-activated protein 
kinase (AMPK) [77]. AMPK is a very important sensor 
for the energy status of the cell. Owing to the increased 
AMP/ATP ratio in the cell and the imbalance between 
ATP production and consumption, AMPK is activated. 
AMPK also controls cell growth in response to changes 
in energy levels. One of the important pathways regu-
lating growth is the mammalian target of the rapamy-
cin (mTOR) pathway, which is influenced by the LKB1/
AMPK axis. The majority of human malignancies have 
dysregulated mTOR, which is recognized as the primary 
regulator of nutritional and growth factor inputs in the 
control of cell division in all eukaryotes. The p-AMPKα/
AMPKα protein levels in PANC-1 cells were measured 
via western blotting because of this crucial axis [39, 78].

The combination of FX11 and metformin in PANC-1 
cells resulted in a considerable increase in p-AMPK 
levels compared with those in control cells. When ana-
lyzed along with other experiments, the combined use 
of FX11 and metformin considerably reduced PANC-1 
aggressive behavior, even though the group receiving 
only metformin presented a greater increase in p-AMPK. 

These findings indicate that downstream pathways are 
also affected by metformin and FX11 and that elevated 
p-AMPK levels could have an effect on the mTOR pro-
tein, which is dysregulated in a variety of cancer types.

Conclusions
In summary, the results obtained in this study, the com-
bination of metformin and FX11 is promising for cancer 
treatment. Considering that the combination of metfor-
min and FX11 affects the axis that regulates vital func-
tions in the cell, uncontrolled growth and development of 
cells can be controlled not only in pancreatic cancer but 
also in many different types of cancer. This mechanism 
stimulates cellular stress in pancreatic cancer and targets 
various energy processes that encourage cancer cells to 
apoptosis. Further studies aim to investigate the in vivo 
effect of this mechanism.
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