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Introduction: The efficacy of 5-fluorouracil (5-FU) as a chemotherapy drug for colorectal
cancer (CRC) is well-established. However, due to resistance to 5-FU and its associated
complications, it is necessary to search for adjuvant therapies against CRC. Considering the
anticancer potential of probiotic metabolites, this study assessed the anticancer effects of
potential probiotic strains isolated from mule milk, camel milk, and the standard probiotic
strain Lactobacillus rhamnosus GG (LGG), used alone and in combination with 5-FU, against
the human colon cancer cell line (HT-29) and normal human embryonic kidney (HEK-293).

Materials & Methods: Biochemical and molecular techniques were implemented to identify
the strains isolated from mule and camel milk. The MTT assay was also employed to assess
the anticancer effects of the probiotic strains of Lactobacillus isolated from mule milk and
camel milk and of LGG, used alone and in combination with 5-FU, on the two cell lines HT-
29 and HEK-293. The data were statistically analyzed using analysis of variance, and
significant differences between means were assessed using Tukey's post hoc test. Minitab 20
software performed all statistical calculations in the level of significance less than 0.05.

Results: The results demonstrated the potential probiotic properties of all the studied
Lactobacillus strains. The combination of cell extracts from Lactobacillus strains with 5-FU
effectively reduced the viability of HT-29 cells. Nonetheless, this combination can reduce the
cytotoxic effects of 5-FU on the viability of HEK-293 cells, thereby increasing their viability.

Conclusion: These results point to the possibility of using Lactobacillus strain cell extracts as
an adjuvant therapy for cancer treatment.
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Introduction

death (1,2). Therefore, it is essential to develop
supplementary strategies to enhance treatment

Colorectal cancer (CRC) is among the
most prevalent types of cancer and ranks as the
third most malignant tumor globally,
constituting a primary cause of cancer-related
mortality (1,2). Chemotherapy with 5-
Fluorouracil (5-FU), an anticancer drug, is
commonly used on cancer patients (3).
However, resistance to the drug and side effects
like gastrointestinal mucositis can make
treatment less effective and increase the risk of

outcomes (4). Probiotics have the potential to be
a promising approach to the prevention and
treatment of cancer. Laboratory studies have
shown that the use of probiotics can be a
promising strategy for cancer prevention and
treatment (4). This is because they can stop the
growth of cancer by lowering the number of
bacteria linked to colon diseases, increasing the
process of apoptosis, blocking enzymes that
cause cancer, and making the immune system
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stronger (5). Probiotics may slow down the
onset and progression of colorectal cancer
through  various mechanisms, including
metabolic activity of the intestinal microbiota,
binding to and degradation of carcinogenic
components in the intestinal lumen, production
of short-chain fatty acids, and immune
modulation (7). This study investigated the
anticancer effects of potential probiotic
Lactobacillus strains isolated from mule and
camel milk alone and combined with 5-FU on
the human colorectal adenocarcinoma cells
(HT-29) and normal human embryonic kidney
cells (HEK-293). Then it compared the results
with a standard probiotic strain (Lactobacillus
rhamnosus, GG).

Methods

To this end, a laboratory received 8
specimens of mule and camel milk from Shiraz,
Kharameh, and Zarghan (Iran) for
microbiological examination. Lactobacilli were
isolated from the specimens and identified
through morphological, physiological, and
biochemical characteristics. All Lactobacillus
strains were analyzed for 16S rRNA to validate
the biochemical characteristics results. The
specimens were sent to Codon Genetics Group
(Tehran, Iran) for sequencing; the results were
analyzed using BLAST software on the NCBI
GenBank website. The agar well diffusion
method (AWDM) was also employed to
measure the antimicrobial activity of the
Lactobacillus strains against Escherichia coli
(ATCC 25922) and Staphylococcus aureus
(ATCC  25923). Moreover, gelatinase
production and hemolytic activity of the strains
were evaluated. The disc diffusion method
(DDM) was used to assess the antibiotic
sensitivity of the strains to penicillin, ampicillin,
vancomycin, rifampicin, chloramphenicol,
streptomycin, and tetracycline. The isolated
strains and the standard probiotic strain were
cultivated on MRS agar medium and then on
MRS broth medium. Following overnight
incubation, the absorbance was assessed at a
wavelength of 600 nm, yielding a value of 1.
The culture media were centrifuged to separate
the bacteria, and then RPMI 1640 medium was
added to them. After applying ultrasonic
treatment to the suspensions, we centrifuged
them again, separated the supernatant (cell
extract), and stored it at -80 °C. To determine
the half-maximal inhibitory concentration
(IC50) of 5-FU, 1x104 HT-29 cells were

cultured in each well of a 96-well plate and then
incubated with 5% carbon dioxide (CO2) at
37°C for 24 hours. After the cells were treated
with different concentrations of 5-FU, their
viability was measured by using the MTT assay.
To determine the most effective dilution of
Lactobacillus cell extract, HT-29 and HEK-293
cells were treated with three serial dilutions (1,
1:10, and 1:100); the 1:10 dilution was used for
subsequent analyses as the optimal dilution.
Both cell lines were treated with a combination
of cell extract and 5-FU, and then their viability
was measured by using the MTT assay. The
assay included a negative control (no treatment)
and a positive control (50 pg/ml (IC50) of 5-FU)
for both cell lines.

Results

Based on morphological, biochemical,
and molecular characteristics, Lactobacillus
strains, including Limosilactobacillus
fermentum and Lactiplantibacillus plantarum,
were isolated from mule milk, and
Lactobacillus helveticus, Lactobacillus
gallinarum, and Lactiplantibacillus plantarum
were isolated from camel milk. Results
demonstrated the ability of these strains to grow
under acidic and alkaline conditions (pH = 3 to
8), which is crucial for the viability of probiotics
in the gastrointestinal tract. The supernatant of
the strains exhibited moderate antimicrobial
activity; however, none demonstrated the ability
to hydrolyze gelatin. In addition, all strains
showed sensitivity to penicillin, ampicillin,
rifampicin, and chloramphenicol, while
demonstrating resistance to vancomycin and
streptomycin. The results indicated that the
IC50 of HT-29 in 5-FU was 50 pg/mL. This
concentration of 5-FU also decreased the
viability of HEK-293 cells to 41.27%. The
study results showed that the dilution of
Lactobacillus cell extract 1:10 had the biggest
effect on the viability of HT-29 cells. This was
different from the other dilutions and the control
sample. The 1:10 dilution was chosen for
subsequent tests because it resulted in the most
significant reduction in the viability of HT-29
cells but had no significant effect on the viability
of HEK-293 cells. Also, results demonstrated
that adding cell extracts of Lactobacillus strains
(alone) or 5-FU (alone) made HT-29 cells much
less likely to survive. The combination of cell
extracts and 5-FU significantly reduced the
viability of HT-29 cells. In the absence of 5-FU,
no significant difference was observed between
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the cell extracts of Lactobacillus strains in terms
of their effects on the viability of studied cell
lines. The addition of cell extracts of
Lactobacillus strains (alone) failed to
significantly reduce the viability of HEK-293
cells. The viability of the positive control
experienced a significant decline, dropping
from 100% to 40.91%, whereas the cells treated
with 5-FU and cell extracts of Lactobacillus
strains exhibited significantly higher viability.
Therefore, it can be concluded that the addition
of the cell extract of Lactobacillus strains not
only fails to significantly reduce the viability of
HEK-293 cells but also significantly diminishes
the cytotoxic effects of 5-FU.

Conclusion

All studied Lactobacillus strains exhibited
potential probiotic properties; the cell extracts of
these strains did not show cytotoxic effects on
the viability of HEK-293 cells, but they could
reduce the viability of HT-29 cells as much as
5-FU does. The simultaneous addition of 5-FU
and cell extracts of Lactobacillus strains
mitigated the cytotoxic effect of 5-FU on the
viability of HEK-293 cells and, thereby,
increased the viability of these cells. This
combination also further reduced the viability of
HT-29 cells. The study findings suggest that cell
extracts from Lactobacillus strains may
function as a potential adjuvant in anticancer
therapy. Nevertheless, more studies are needed
to verify these findings in order to establish the
effectiveness of cell extracts from Lactobacillus
strains in cancer treatment.
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