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Abstract 

Purpose: To investigate the anti-pancreatic cancer and antimicrobial effects of fat-enriched dietary 
supplements (FEDS).  
Method: Gas chromatography-mass spectrometry (GC-MS) was used to screen FEDS components. 
The FEDS cytotoxicity (SRB) was assessed using mouse endothelial (non-cancerous, C-166 normal 
cells) and pancreatic cancer line (PANC-1). Antimicrobial evaluation of FEDS was conducted against 
different microbial strains to obtain the minimum inhibitory (MIC) and bactericidal (MBC) concentrations.  
Results: Gas chromatography-mass spectrometry (GC-MS) revealed that the predominant fatty acid 
found in the present supplement is palmitic acid (< 75 %), followed by α-linoleic acid (7.39 %), stearic 
acid (5.76 %), and other polyunsaturated fatty acids (≤ 2 %). The FEDS exhibited a dose-dependent, 
low cytotoxic effect (0.001 -100 μg/mL) against PANC-1 pancreatic cancer cells (IC50 > 100 μg/mL) and 
C-166 (IC50 = 164.71). A high PA-palmitic acid-enriched supplement shows antifungal and mild 
antibacterial potential against common strains that contribute to pancreatic cancer development. 
Candida albicans, Gram-positive (Bacillus cereus, Enterococcus faecalis, and Staphylococcus aureus), 
and Gram-negative (Escherichia coli) strains showed MIC and MBC > 1000 μg/mL.  
Conclusion: This finding highlights the complex interplay between dietary fats, cytotoxicity, and 
antimicrobial activity in pancreatic cancer. Future studies should focus on the specific roles of different 
fatty acids and their interactions with the tumor microenvironment to develop targeted nutritional 
strategies that may improve survival and quality of life for individuals affected by pancreatic ductal 
adenocarcinoma (PDA). 
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INTRODUCTION 
 

Pancreatic ductal adenocarcinoma (PDA) is the 
most common and deadly type of pancreatic 
cancer. About 90 % of patients die within 5 
years of diagnosis. The low survival rate is due 
to the aggressive nature of the disease, lack of 
early detection tools, and limited understanding 
of its causes [1,2]. Possible explanations for the 

rise in pancreatic cancer incidence include 
increased tobacco use, diabetes, obesity, 
physical inactivity, and diets that are high in 
calories and fats [3]. Improved clinical 
recognition and diagnosis of pancreatic cancer 
and increasing life expectancy may also 
contribute to global incidence rise [4]. Nutrition 
is vital for cancer treatment outcomes, yet 
malnutrition affects 50 % of patients and is 
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often overlooked [5]. Cancer patients often face 
changes in body composition and nutritional 
deficiencies, with up to 51 % having nutritional 
deficiencies and 9 % being overtly 
malnourished [6]. This leads to impairments in 
physical function and decreased survival [5]. 
Malnutrition in pancreatic cancer patients 
results in muscle loss, fat breakdown, extended 
hospital stays, heightened complications, 
diminished treatment effectiveness, reduced 
survival rates, lower quality of life, and 
increased morbidity and mortality. If a patient’s 
oral intake is inadequate to maintain their body 
weight and composition, additional nutritional 
therapy becomes imperative [7]. 
 
Concomitant management of fat malabsorption 
and malnutrition is fundamental in treating PDA 
[8]. There is a controversy regarding the impact 
of dietary fat composition on pancreatic cancer 
incidence, progression, and metastasis. Several 
studies indicated that diets rich in omega-3 
polyunsaturated fatty acids are linked to a lower 
risk of pancreatic cancer. However, there is 
currently insufficient evidence to draw a 
definitive conclusion about the influence of 
other types of fat on pancreatic cancer 
development, as many studies have produced 
inconclusive results due to limitations in design 
[9]. 
 
Studies have indicated that the interactions of 
microorganisms, whether close to or distant 
from tumor tissues, influence cancer 
progression. Each type of tumor has a unique 
microbiome composition, with a majority of 
bacteria located within cancer and immune cells 
[10]. This is also true for pancreatic cancer. 
Recent studies implied that bacteria could be 
involved in various gastrointestinal cancers. 
Specific bacterial ecosystems found in 
pancreatic cyst fluid may mirror the local 
microbiota present in the pancreas. In contrast 
to healthy pancreatic tissue, pancreatic cancer 
tissue contains a diverse array of 
microorganisms, including bacteria and fungi, 
which not only support the development of 
pancreatic cancer but also affect its response to 
treatment [11]. This study investigated the 
impact of fat-enriched dietary supplements 
(FEDS) on pancreatic cancer cells and their 
antimicrobial potential. Chromatography-mass 
spectrometry (GC-MS) was used to screen 
FEDS' main components for cytotoxicity against 
non-cancerous mouse endothelial (C-166) cells. 
 

 
 
 

EXPERIMENTAL 
 
Preliminary compound screening 
 
Fat-enriched dietary supplement (FEDS) 
capsules were purchased from local stores and 
stored in dry and cool conditions before further 
evaluation. An RTX-5 MS capillary column from 
Restek was employed to chemically 
characterize the FEDS (95 % methanolic 
extract) using a GC-MS-QP2010 Plus system 
from Shimadzu, Japan. The GC separates the 
different constituents based on their variable 
retention times (RT), while the mass 
spectrophotometer identifies these 
components. The software linked to the mass 
spectrophotometer generates a chromatogram 
showing the relative abundance against RT. 
The obtained spectra were compared with the 
spectra of unknown compounds with the Wiley 
Registry8e library for easy identification and 
chemical characterization. 
 
In vitro cytotoxicity evaluation 
 
Mouse endothelial (non-cancerous, C-166) and 
pancreatic cancer (PANC-1) cell lines were 
provided by Nawah Scientific Inc., Mokatam, 
Cairo, Egypt. The C-166 cells were maintained 
in Dulbecco’s Modified Eagle's Medium 
(DMEM), while the PANC-1 cells were 
maintained in Roswell Park Memorial Institute 
medium (RPMI-1640), under 10 % heat-
inactivated fetal bovine serum (FBS), and 
penicillin–streptomycin (100 U/mL). The cells 
were incubated at 37 ℃ in a humid environment 
(5 % carbon dioxide (CO2)). Aliquots of cell 
suspension (100 μL) were incubated in media 
(DMEM/RPMI-1640 for C-166/PANC-1 cells) in 
96-well plates for 24 h. Cells were treated with 
100 μL/well FEDS (0.001-100 μg/mL in 
DMEM/RPMI-1640 media for C-166/PANC-1 
cells). Following FEDS treatment, 150 μL of 
trichloroacetic acid (TCA at a concentration of 
10 % in media was introduced to the treated 
cells. They were then incubated at 4 °C for 1 h 
to facilitate cell fixation. After TCA removal and 
washing, cells were treated with 
Sulforhodamine B solution (SRB, 70 μL/well, 
0.4 %w/v) for 10 min in a dark place. The cells 
were washed three times with 1 % acetic acid 
solution and allowed to air dry overnight. 
Subsequently, a 150 μL tris base solution was 
added (pH 10.5, 10 mM) per well. The 
absorbance was then measured at 540 nm 
using an Infinite F50 microplate reader 
(TECAN, Switzerland). The percentage cell 
viability (V) was determined according to Eq 1 
and then plotted for IC50 (50 % inhibition 
concentration) assessment [12]. 
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V (%) = (AF/Ac)100 ………………. (1) 
 
Where AF is the mean absorbance of FEDS and 
Ac is mean absorbance of control 
 
Antimicrobial evaluation 
 
The present study utilizes four bacterial strains 
(Escherichia coli ATCC 8739, Staphylococcus 
aureus ATCC 29213, Enterococcus faecalis 
ATCC 19433, and Bacillus cereus ATCC 9634) 
and one fungus (Candida albicans ATCC 
10231) obtained from Nawah Scientific Inc., 
Mokatam, Cairo, Egypt. Different strains were 
introduced into a tryptic soy broth medium and 
incubated at 37 °C for 24 h. A small amount of 
broth was then spread onto tryptic soy agar and 
placed in the 37 °C incubator for 18-24 h to 
create a fresh culture on the agar plate. A 
sterile saline solution was prepared by selecting 
3 to 4 colonies from the agar plate. This 
solution was then adjusted to 0.5 McFarland 
standard for each strain and diluted with sterile 
Mueller-Hinton broth (MHB) to achieve a 
concentration of approximately 1.0 × 106 
CFU/mL. For each bacterial strain treatment, 
two-fold FEDS dilutions (1000 to 1.953 μg/mL) 
were used. Negative and positive (using 
ciprofloxacin antibiotic at serial dilution 1000 - 
1.953 μg/mL) controls were included. The 
minimum bactericidal concentration (MBC) and 
minimum inhibitory concentration (MIC) of 
FEDS were assessed against various strains 
[13]. 
 

RESULTS 
 
Chromatogram of the fat-enriched supplement 
(FEDS) had a higher peak at 28.17 retention 
time (RT; Figure 1). 
 
Characterization of components 
 

The main fatty acid reported in the present 
supplement was palmitic acid (a saturated fatty 
acid (SFA) at 28.17 RT, followed by α-linoleic 
acid (7.39 %, polyunsaturated (PUFA), stearic 
acid (5.76%, SFA), and a low amount of other 
PUFAs (≤ 2 %; Table 1 to Table 4). 
 
Cytotoxic effect 
 
Fat-enriched dietary supplement (FEDS) 
demonstrated a dose-dependent cytotoxic 
effect (0.001 - 100 μg/mL) against non-
cancerous mouse endothelial (C-166) and 
pancreatic cancer (PANC-1) cell lines (Figures 
2 and 3). Palmitic acid-based supplements 
decreased pancreatic cancerous cell (PANC-1) 
viability with an IC50 > 100 μg/mL, higher than 
non-cancerous cells (C-166; Figure 3). 
 
Antimicrobial activity 
 
The minimum inhibitory concentration (MIC) 
and minimum bactericidal concentration of the 
FEDS were greater than 1000 μg/mL (Table 5). 
 

DISCUSSION 
 
Chromatography-mass spectrometry (GC-MS) 
is an effective technique for characterizing 
constituents. It is cost-effective with high 
sensitivity compared to other techniques. This 
makes it widely useful in food analysis, 
especially for determining volatile organic 
compounds and performing qualitative and 
quantitative analyses of various compounds 
[14]. Different fatty acids were identified and 
quantified using a GC-MS technique. The main 
fatty acid reported in this study was palmitic 
acid (more than 75 %). The GC-MS technique 
is a highly selective and sensitive method for 
analyzing components in dietary supplements 
prevalent in today's health-conscious society 
[15]. 
 

 

 
 
Figure 1: Chromatogram of the fat-enriched supplement used in the present study 
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Table 1: Components found in supplement of the present study 
 

Compound name Retention time, RT 
(min) 

Area (%) Molecular formula Mass spectrum  
 

Structure 

n-Hexadecanoic 
acid 

(Palmitic acid) 

28.17 73.59 C16H32O2 

 

 

9,12-
Octadecadienoic 

acid (Z,Z)- 
(α-Linoleic acid) 

31.89 7.39 C18H32O2 

 

 

Octadecanoic 
acid 

(Stearic acid) 

31.42 5.76 
 

C18H36O2 

 

 

Pentadecanoic 
acid, 14-methyl-, 

methyl ester 

27.24 3.21 C17H34O2 
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Table 2: Components found in supplement of the present study (continued A) 
 

Compound name Retention time, RT 
(min) 

Area (%) Molecular formula Mass spectrum  
 

Structure 

n-Hexadecanoic acid 
(Palmitic acid) 

28.60 2.85 C16H32O2 

 

 

9,12,15-Octadecatrienoic 
Acid, 2-

{(Trimethylsilyl)Oxy}-1-{{( 
Trimethylsilyl)Oxy}Methy 
L}Ethyl Ester, (Z, Z, Z)- 

44.77 2.16 C27H52O4Si2 

 

 

 
Caryophyllene 

 
15.56 

 
2.05 

 

 
C15H24 
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Table 3: Components found in supplement of the present study (continued B) 
 

Compound name Retention time, RT 
(min) 

Area (%) Molecular formula Mass spectrum  
 

Structure 

9-Octadecenoic 
acid (Z)-, methyl 

Ester 
(Methyl oleate) 

30.54 1.85 C19H36O2 

 

 

2-({(2-
Ethylhexyl)Oxy}C

arbo 
Nyl)Benzoic Acid 

37.69 1.13 C16H22O4 

 

 

Mono(2-
ethylhexyl) 
phthalate 

37.69 1.13 C16H22O4 

 

 

1,2-
Benzenedicarbox

ylic 
Acid, 3-Nitro- 

37.69 1.13 C8H5NO6 
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Table 4: Components found in supplement of the present study (continued C) 
 

Compound name Retention time, RT 
(min) 

Area (%) Molecular formula Mass spectrum  
 

Structure 

1,2-Benzenedicarboxylic 
Acid 

 (Phthalic acid) 

37.69 1.13 C24H38O4 

 

 

9-(2',2'-
Dimethylpropanoilhydrazono) 

-3,6-dichloro-2,7-bis-{2-
(diethylamin 

o)-ethoxy}fluorene 

37.69 1.13 C30H42Cl2N4O 

3 
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Figure 2: Morphological representation of mouse endothelial, C-166 (A-D), and pancreatic cancer PANC-1 (E-H) 
cells treated by various concentrations (0, 1, 10, 100 μg/mL) of palmitic acid-based supplement 
 

 
 
Figure 3: Cell viability percentage of non-cancerous mouse endothelial C-166 (A) and pancreatic cancer PANC-1 
(B) cells treated with palmitic acid-enriched supplement 
 
Table 5: MIC and MBC of FEDS 
 

Bacterial strain (FEDS μg/mL) 

b MBC 

Bacillus cereus  >1000 >1000 
Candida albicans  >1000 >1000 
Enterococcus faecalis  >1000 >1000 
Escherichia coli  >1000 >1000 
Staphylococcus aureus  >1000 >1000 

 
Fat-enriched dietary supplement (FEDS) 
demonstrated a dose-dependent cytotoxic effect 
(0.001 - 100 μg/mL) against non-cancerous 
mouse endothelial (C-166) and pancreatic 
cancer (PANC-1) cell lines. However, cytotoxicity 
was observed in non-cancerous C-166 cells, with 
a lower IC50 compared to cancerous pancreatic 
cells (PANC-1). 
 

Excessive amount of free fatty acids (FFAs) leads 
to cellular toxicity, a condition known as 
lipotoxicity [16]. High content of palmitic acid (PA) 
in FEDS may be the primary fatty acid responsible 
for the observed cytotoxicity. Palmitic acid, the 
most prevalent saturated fatty acid found in the 
bloodstream [17], has been shown to cause 
apoptotic cell death in various cells. Previous 
studies showed that treatment with PA caused 
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G2/M arrest, increased reactive oxygen species 
(ROS) production, and elevated levels of 
endoplasmic reticulum stress-related proteins 
[18]. Excessive PA accumulation in microglial 
cells leads to lipotoxicity, resulting in decreased 
cell viability and increased cell death. These are 
mediated by intracellular mechanisms rather than 
cell surface receptors [19]. A recent study 
reported that PA treatment for 4 h does not affect 
cell viability but increases ROS and NO 
production in human vascular endothelial cells 
(HUVECs) [20]. 
 
Evidence suggests that various lipids, including 
fatty acids, may have anticancer effect acting at 
the mitochondrial level [18]. Findings from this 
study revealed that palmitic acid-based 
supplement decreases pancreatic cancerous cell 
(PANC-1) viability with an IC50 higher than non-
cancerous cells (C-166). At higher concentrations, 
the cells gradually became more rounded and 
exhibited decreased cell-to-cell contact, a typical 
feature of cellular death. Palmitic acid (PA, C16:0) 
which is the most common saturated fatty acid in 
the human diet has been studied as a potential 
anti-tumor agent against various malignancies 
[21]. Palmitic acid triggers apoptosis in cancer 
cells via the mitochondrial pathway, increases 
reactive oxygen species (ROS) levels within the 
cells, and leads to programmed autophagic cell 
death and cell cycle arrest. Additionally, it inhibits 
cell migration, invasion, and angiogenesis, 
enhancing effectiveness of chemotherapy while 
targeting critical pathways involved in cancer cell 
behavior [21]. 
 
This current study indicated that a palmitic acid-
based supplement has a greater cytotoxic effect 
on normal cells compared to pancreatic cancer 
cell lines. However, the potential of palmitic acid 
against pancreatic cancer remains a topic of 
debate. Palmitic acid stimulates pancreatic cancer 
AsPC-1 cells by inducing TLR4-mediated cell 
invasion, leading to ROS generation, activation of 
nuclear factor-kappa beta (NF-Kβ), secretion and 
activation of MMP-9, associated with increased 
cancer metastatic potential [22]. Earlier studies 
reported that PA conjugated with 
triphenylphosphonium, a lipophilic cationic moiety, 
reduces proliferation of pancreatic cancerous 
PANC-1 parental (P) cells and pancreatic cancer 
stem cells (PCSCs) with IC50 values of 31 and 18 
μM, respectively [23]. This suppression was 
through mitochondrial disruption, leading to ROS 
increase, ER stress activation, and cell 
autophagy. While there are conflicting findings 
regarding PA's effects on pancreatic cancer cells, 
further studies are needed to fully understand its 
impact and potential applications in cancer 
treatment. The dual nature of the effect of palmitic 

acid on different cancer cell lines underscores the 
complexity of its interactions within the cellular 
environment. Further studies are required to 
elucidate the mechanisms underlying these 
contrasting effects and to determine the 
conditions under which PA may be beneficial in 
combating pancreatic cancer. 
 
The human microbiome is now being studied as a 
new target for understanding cancer development. 
Recent studies suggest that the specific bacterial 
community found in pancreatic cyst fluid may 
indicate the local microbiota in the pancreas. 
Microorganisms in pancreatic cancer tissue 
contribute to cancer development and affect 
treatment response and prognosis [24]. Therefore, 
different bacterial and fungal (Bacillus cereus, 
Candida albicans, Enterococcus faecalis, 
Escherichia coli, and Staphylococcus aureus) 
strains were targeted to determine the 
antimicrobial potential of FEDS. There is a relation 
between the colonization of those selected strains 
in a specific tissue and cancer invasion. Targeting 
microbial infection could be a new approach to 
treat cancer, including pancreatic cancer. Certain 
fungi (including Candida albicans) migrating from 
the intestine to colonize the pancreas are linked to 
pancreatic cancer [25]. Candida produces 
nitrosamines, which are carcinogens that promote 
cancer through a proinflammatory response, 
increasing cytokine production and expression of 
adhesion molecules. Enterococcus faecalis has 
been found in the pancreatic tissue of patients 
with chronic pancreatitis and pancreatic cancer, 
while bile microbiota, such as Escherichia coli, 
may affect pancreatic microbiota [25,26]. Few 
bacteria may migrate from the gallbladder to the 
pancreas, and their clearance may trigger a 
protective immune response against pancreatic 
cancer [27]. A high PA-enriched supplement 
(FEDS) shows antifungal potential against 
Candida albicans which is consistent with 
previous study [28]. Treatment with PA induces 
apoptosis in Candida species by causing 
mitochondrial dysfunction through the production 
of reactive oxygen species (ROS). In addition, PA-
enriched supplement (FEDS) exhibited mild 
antibacterial effects against Gram-positive 
(Bacillus cereus, Enterococcus faecalis, and 
Staphylococcus aureus) and Gram-negative 
(Escherichia coli) strains with MIC and MBC 
>1000 μg/mL. 
 
Palmitic acid, either in nanostructured or 
encapsulated in liposome carriers, shows 
antibacterial properties against Pseudomonas 
aeruginosa and S. aureus [29], multidrug-resistant 
Staphylococcus epidermidis, and Vancomycin-
resistant Enterococcus faecalis [30]. The reason 
for the higher potency of PA in previous studies 
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compared to this study is that drug carriers such 
as liposomes were used to facilitate drug delivery. 
High concentrations of PA increase cellular 
toxicity and the rate of cell death, while also 
affecting microbial virulence through antibiofilm 
activity and reactive oxygen species (ROS) 
production, which lead to significant DNA, RNA, 
and protein damage [28,31]. 
 

CONCLUSION 
 
Fat-enriched dietary supplement (FEDS), 
particularly those high in palmitic acid, exhibits 
mild cytotoxic effects on normal and pancreatic 
cancer cell lines with antimicrobial properties 
against various pathogenic strains. Future 
studies should focus on the specific roles of 
different fatty acids and their interactions with the 
tumor microenvironment to develop targeted 
nutritional strategies that may improve survival 
and quality of life for individuals affected by PDA. 
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