
Ann Med Res 2021;28(9):1767-70

1767

Annals of Medical Research  

DOI: 10.5455/annalsmedres.2021.01.101           
Original Article

Received: 26.01.2021  Accepted: 17.03.2021 Available online: 21.09.2021
Corresponding Author: Nese Basak Turkmen, Department of Pharmaceutical Toxicology, Faculty of Pharmacy, Inonu University, 
Malatya, Turkey E-mail: nesebasak86@gmail.com

INTRODUCTION
Patulin (4-Hydroxy-4H-furo 3,2-C-pyran-2 (6H) -one) is 
produced by various types of fungi such as Penicillium, 
Aspergillus, and Byssochlamys. Patulin is the secondary 
metabolite of Penicillium and Aspergillus, including A. 
clavatus, P. patulum, P. aspergillus, P. byssochlamys, and 
P. expansum (1). The main source of human exposure to 
patulin is contaminated food products such as fruits, juices, 
vegetables, cereals, and cheese (2). The low amount of 
patulin in apples used in fruit juice or compost production 
increases the quality level of the beverage (3). Patulin was 
found to be associated with immunotoxicity, genotoxicity, 
embryotoxicity, and teratogenicity (4-7), however, studies 
on the anticancer activity of patulin also available (8-10). 
The mechanism of action of the anticancer activity of 
patulin, the types of cancer it is effective on and the doses 
are not fully known. In some studies, it has been suggested 
that it induces cellular apoptosis and cytotoxicity by 

mechanisms related to reactive oxygen radicals (ROS) 
(11). Owing to its electrophilic feature, patulin can bind 
to sulfhydryl groups of RNA, glutathione, and proteins by 
covalent bonding, resulting in glutathione consumption 
and inhibition of RNA and protein synthesis (11). Thus, 
oxidative damage and mitochondrial dysfunction can 
cause cytotoxicity by activating mitochondrial apoptotic 
signaling pathways (12-14). There are few reports of the 
effects of patulin on human cell lines, particularly cancer 
cells.

Current drugs used in cancer treatment have serious 
side effects such as neutropenia, immunosuppression, 
infertility, peripheral neuropathy, heart, kidney and liver 
damage. For this purpose, researchers have focused on 
investigating the effectiveness of toxins obtained from 
bacteria or fungi found in nature in cancer treatment 
(9,15,16). 
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Abstract
Aim: Patulin, a mycotoxin, is an organic compound classified as a polypeptide. Patulin, which is generally detected in moldy fruits 
and their derivatives, has been suggested to have anticancer activity. Some studies have shown that it induces apoptosis in the cell. 
This study aims to investigate the anticancer activity of patulin in SH-SY5Y (human neuroblastoma cell line), HCT116 (human colon 
cancer cell line), and MCF-7 (human breast cancer cell line) cell lines.
Materials and Methods: SH-SY5Y, HCT116, MCF-7, and L929 (healthy fibroblast) cell lines were used for cytotoxicity experiments. Cells 
were added in 96-well plates at 5x103 cells per well. Serial dilutions of patulin at a dose of 1, 2.5, 5, 10, 25, 50, and 100 µM were added 
to the waiting cells in 24 hours incubation. All cell lines were exposed to patulin for 24 and 48 hours. The cytotoxic activity of patulin 
in cancer and healthy cell lines was determined in vitro by the MTS (3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-
(4-sulphophenyl)-2H-tetrazolium) cell viability test. The results of the toxicity tests were measured spectrophotometrically (450 nm) 
in ELISA at intervals of 24 hours for 2 days.
Results: Patulin caused cytotoxic activity in all cell lines at a concentration of 100 µM. Patulin showed cytotoxic activity at low 
doses only in the SH-SY5Y cell line. At doses of 25 and 50 µM, HCT116 caused more than 50% death in the cell line, while higher 
concentrations induced cell death in the MCF-7 cell line.
Conclusion: Patulin showed anticancer activity at high concentrations in colon and breast cancer cell lines, and both low and high 
concentrations in the SH-SY5Y cell line. Patulin may be a new candidate molecule in the treatment of neuroblastoma, colon, and 
breast cancers, depending on the dose.
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This study aims to determine the cytotoxic effect of patulin 
on human neuroblastoma, colon, and breast cancer cell 
lines in vitro. Determining the potential anticancer activity 
of patulin will contribute to new studies in this area.

MATERIALS and METHODS 
Cell Culture
Patulin was obtained from Toronto Research Chemicals 
company (Cas No: 149-29-1). In our study, four different 
cancer cells were used with the anticancer activity of 
patulin: healthy fibroblast cell line (L929), human colon 
cancer cell line (HCT-116), breast cancer cell line (MCF-
7), and neuroblastoma cell line (SH-SY5Y). Human cancer 
cell lines were purchased from the American Type Culture 
Collection (ATCC). Cell lines were inoculated in T-75 
flasks with Dulbecco's Modified Eagles Medium (DMEM) 
containing 1% penicillin-streptomycin and 10% fetal calf 
serum. The DMEMs of the cells left in the incubator (5% CO2 
and 370C; NUVE) were changed every three days. When 
the cells reached 90% density, the cells were removed from 
the T-75 flasks using trypsin enzyme (TrypLE™ Express, 
Invitrogen, Carlsbad, CA). Neutralization was done with 
DMEM (1: 1). Cells precipitated by centrifugation (800 rpm, 
5 min) were homogeneously dispersed with DMEM. The 
number of viable cells was determined by hemocytometer 
and Trypan blue (0.4%) staining. Cells were added to 96 
wells as 5x103 in each well. Cells were kept at 37 °C and 
5% CO2 in the incubator for 24 hours.

Cell Viability Assay
Cell viability was determined using the 3- 
(4,5-dimethylthiazol-2-yl) -5- (3-carboxymethoxyphenyl) 
-2- (4-sulphophenyl) -2H-tetrazolium (MTS) method. 
Medium was removed from the cells. Malignant cells 
and healthy fibroblast cells were incubated with serial 
dilutions of patulin (1, 2.5, 5, 10, 25, 50, and 100 μM) for 
48 hours. The color change at the end of the specified 
periods was measured with an ELISA microplate reader 
(DRG Diagnostics GmbH, Germany) at 450 nm wavelength. 
In this study, our cell proliferation values were obtained 
by proportioning the absorbance values obtained from 
negative controls in the ELISA microplate reader to 
the absorbance values of cancer cell lines in%. The 
absorption value obtained from controls (cells not treated 
with patulin) was accepted as 100% cell viability. The MTS 
trials were repeated four times for each concentration at 
24 and 48 hours (n: 4) (17).

Statistical Analysis
Statistical analysis was done with SPSS 22.0 package 
program. The homogeneity of variances was checked with 
the "Levene" test. Normality assumption was analyzed 
using the "Shapiro-Wilk" test. Differences between groups 
were determined by the Kruskal Wallis test. IC50 values 
were calculated using the GraphPad Prism 8 program. The 
significance limit was accepted as p <0.001.

RESULTS
The cytotoxic effect of patulin on the SH-SY5Y, HCT-
116, and MCF-7 cell line determined by MTS after 24 and 

48 hours incubation at concentrations of 1, 2.5, 5, 10, 
25, 50,100 μM was showed in figures. Patulin showed 
cytotoxic activity in L929, HCT-116, MCF-7, and SH-SY5Y 
cell lines at a concentration of 100 µM.

After the SH-SY5Y was incubated with different 
concentrations of patulin for 48 hours, the % changes in 
the viability of the cells were determined and the results 
are shown in Figure 1. Patulin showed cytotoxic activity 
in L-929 and SH-SY5Y cell lines at low concentrations. 
The strongest cytotoxic effect was seen at concentrations 
of 5 μM and 10 μM. Low concentration of patulin (1 μM 
and 2.5 μM) showed less than 50% cell viability in SH-
SY5Y cells compared to healthy fibroblast cells (65%). 
At concentrations of 10 μM and 100 μM, it showed more 
cytotoxic effects on cancer cells compared to healthy cells. 
However, this rate is less than 5% in both concentrations. 
The IC50 value of L-929 was calculated to be 12.48 μM and 
the IC50 value of SH-SY5Y was calculated as 2.5 μM. The 
microscopic views of SHSY-5Y cells 48 hours after the 
administration of patulin are shown in Figure 2.

Figure 1. Cytotoxic effect of patulin on the SH-SY5Y and L-929 
cell line

a: Control cell (no substance administered), b: 1 μM patulin, c: 10 μM 
patulin, x10 magnification, d: 1 μM patulin, x20 magnification

Figure 2. Microscopic views of SHSY-5Y cells 48 hours after the 
administration of patulin 

After HCT-116 was incubated with different concentrations 
of patulin for 48 hours, the% changes in the cell viability 
were determined and the results are shown in Figure 3. 
While patulin caused a decrease in viability of healthy cells 
at all doses, it did not show the same effect on HCT-116 
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cells. It showed cytotoxic activity on malignant cells at 
high concentrations (50 and 100 μM). HCT-116 cells were 
found to have lower viability (16%) than healthy fibroblasts 
(18%) at 50 μM concentration. It showed significant 
activity at a concentration of 100 μM. The survival rate of 
healthy fibroblasts is 36% while the survival rate of HTC-
116 cells is 13%. The IC50 value was calculated as 23.9 μM 
(Figure 3).

Figure 3. Cytotoxic effect of patulin on the HTC-116 and L-929 
cell line

While the viability of healthy cells decreased more 
than MCF-7 cells at all concentrations except patulin 
concentration of 100 μM; At 100 μM concentration, the 
viability of healthy cells (36%) was higher than that of 
MCF-7 cells (12%) (Figure 4).

The survival of healthy cells at a concentration of 100 μM 
can be explained by the inadequate diffusion of patulin 
into the fibroblast. The IC50 value for this cell line was 
calculated to be 25 μM.

Figure 4. Cytotoxic effect of patulin on the MCF-7 and L-929 cell 
line

DISCUSSION
According to the International Agency for Research on 
Cancer (IARC) data, patulin is in Group 3, which lists 
compounds that are not classified as carcinogens in 
humans (18). Since it has no carcinogenic effect on healthy 
cells, the cytotoxic effect of patulin in different cancer cell 
lines has been investigated. Patulin has been suggested to 
show anticancer activity in cervical and colorectal cancer 
cell lines (HeLa, SW-48 and MRC-5), human leukemia cell 
line (HL-60), hepatocellular carcinoma cell line (HepG2) 
(8-10).  

Abastabar et al. (16) showed that patulin inhibits cell 
proliferation in colorectal and cervical cancer cell lines. 
Another study suggested that patulin stopped cell 
division at the G2-M stage in the HCT-116 cell line at 0-10 
μM concentrations (9). According to Wu et al., (19) the 
antitumoral effect of patulin on the promyelocytic (HL-
60) cell line occurs via caspase proteins, an apoptotic 
pathway. 

Patulin damages macromolecules such as protein, 
enzyme, DNA, and RNA by stimulating the production 
of ROS in the cell. Therefore, it causes genotoxicity, 
embryotoxicity, cytotoxicity, neurotoxicity, immunotoxicity, 
carcinogenicity, and teratogenicity (4-8). Increased ROS 
reduces the activity of the antioxidant defense system 
inside the cell, thus activating apoptotic pathways. 
Patulin impairs cell membrane permeability, causing 
abnormalities in mitochondrial membrane potential and 
damage to mitochondrial respiratory chain complexes, 
leading to cell apoptosis (14, 20). 

Patulin reacts with glutathione and its metabolite 
N-acetyl-l-cysteine in SH-SY5Y cells, causing toxicity 
and ROS production. This may lead to altered patulin 
stability or better penetration into the mammalian cell. In 
addition, patulin can significantly reduce the viability of 
neuronal cells by inhibiting NF-κB activity by 90% even at 
concentrations as low as 0.5 micromolar (21). 

Kwon et al., In a study using HCT-116 colon cancer cell 
line; It has been suggested that patulin may be a candidate 
for the treatment of colorectal cancers (22). However, 
it was found that patulin administration in the HCT-116 
cell line affects the mitochondrial membrane potential 
and the release of cytochrome-C into the cytoplasm, 
thus inducing caspase 3 activation, causing apoptosis 
of human colon carcinoma cells (23). The differences in 
the results obtained from both studies were related to the 
applied patulin dose.

CONCLUSION
In conclusion, in this study, the cytotoxic activity of 
Patulin at different concentrations in colon cancer, breast 
cancer, and neuroblastoma cell lines was compared with 
the control group (L-929 cell line) and was determined 
by the MTS experiment. Although the pathway through 
which patulin exerts its antitumoral activity has not been 
fully elucidated, we think that patulin can be used as an 
antitumoral agent as a result of literature reviews and 
our study. No literature data is examining the relationship 
between patulin and breast cancer cell line, our study 
presents the first data on this subject. Therefore, we 
consider that patulin may be a candidate molecule for 
colon and breast cancer cell lines. The fact that the cancer 
cell lines used in the study are human-specific increases 
the importance of the results we obtained from our study. 
More studies are needed both in vitro and in vivo to better 
understand the anticancer effect mechanisms of patulin.
***3rd International Hippocrates Medicine and Health Sciences Congress 
(6-7 March 2020) Presented as an oral presentation in Ankara.
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