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Introduction
There is increasing evidence to suggest 
that some lactobacilli are able to decrease 
the risk of accumulation of reactive 
oxygen species (ROS) during ingestion 
of food due to antioxidant activities[1] and 
therefore, shrink the incidence of various 
degenerative diseases which are caused by 
free radicals.[2] Some studies have focused 
on health benefits of probiotics such as 
cancer prevention and treatment.[3,4] It has 
been shown that lactic acid bacteria (LAB) 
have inhibitory effects on human cancer 
cell lines[5,6] and play an important role in 
the delay of carcinogenesis by their effect 
on metabolic, immunologic, and protective 
functions.[7,8]

Colorectal cancer incidence is significantly 
rising in developing countries.[9] The 
preventive action of probiotics against 
colorectal cancer is thought to be done 
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Abstract
Background: It has been proven that probiotic Lactobacillus bacteria have inhibitory effects on 
human cancer cell lines. The aim of this study is to isolate and characterize the antioxidant probiotic 
Lactobacillus and determine the possible anticancer activities of the selected strain. Methods: One 
of the Lactobacillus strain isolated from camel doogh sample showed the high antioxidant activity 
by using of different methods such as resistance to hydrogen peroxide, hydroxyl radical and 
superoxide anions. The antioxidant strain was characterized by sequencing of 16S rRNA V2-V3 
regions and the 16S-23S intergenic spacer (ITS). The methanol extract of this strain supernatant 
was fractionated using thin layer chromatography (TLC) and antioxidant activity of fractions was 
detected by 0.1% of DPPH through TLC-DPPH bioautography. In vitro anticancer activity of each 
fraction was investigated by using MTT and flow cytometry methods. Results: According to the 
phylogenetic results, the antioxidant Lactobacillus strain was closely related to Lactobacillus 
hilgardii strain E91 (Accession No. EF536365). After fractionation and anti-proliferation assessments 
of Lactobacillus hilgardii strain AG12a extracellular materials, one of the antioxidant fraction (F4) 
showed maximum DPPH radical scavenging activity (IC50 of 535.27 µg/mL). MTT assay of the F4 
fraction demonstrated cytotoxic activity against Caco-2 with the IC50 value of 299.05 µg/mL. The 
cell death activity of the fraction was confirmed by flow cytometry with 30.925.  Conclusions: In 
this study, the anticancer and apoptotic properties of Lactobacillus hilgardii against Caco-2 cell line 
was reported for the first time. The isolated bioactive fraction from the extracellular methanol extract 
needs to be further investigated in human studies of cancer therapy.
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through several mechanisms including 
inactivation of cancerogenic compounds, 
alteration of the intestinal microflora, 
competition with putrefactive and 
pathogenic microbiota, antiproliferative 
effects via regulation of apoptosis and cell 
differentiation, fermentation of undigested 
food, improvement of the host’s immune 
response, and inhibition of tyrosine kinase 
signaling pathways.[10] Altonsy et al. 
(2010) described induction of apoptosis 
in human colonic carcinoma cell line 
(Caco-2) incubated with probiotics such as 
Lactobacillus rhamnosus or Bifidobacterium 
lactis.[11]

In the current study, we focus on the 
isolation of the probiotic Lactobacillus 
with antioxidant and anticancer activities 
from camel doogh. Camel doogh is the 
homemade fermented camel milk made by 
Turkmens in Iran.[12] Our previous study 
showed that most of the Lactobacillus 
species isolated from camel dough have the 
potential of antimicrobial and antioxidant 
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activities.[13] The aim of the present study is to investigate 
the anticancer activity of these Lactobacillus strains 
and separate a bioactive fraction from their extracellular 
methanol extracts by thin layer chromatography (TLC) and 
evaluate the apoptotic effect of the fraction against cancer 
cell lines.

Methods
Strains and culture media

Different 20 traditional doogh samples were collected 
from various parts of Iran (Isfahan, Khorasan, Ghorghan, 
and Tehran provinces) in fall, winter, and spring seasons. 
The samples immediately transferred to the laboratory on 
ice-packs and diluted in Ringer solution at 1:9 dilution 
and cultured in plates containing de Man, Rogosa, and 
Sharpe (MRS) medium (Merck, Germany). The samples 
were incubated anaerobically at 37°C for 72 h. Finally, the 
purified colonies were frozen in a MRS broth containing 
30% glycerol.

It has been found that exhaustion of an essential nutrient 
(like minimum growth medium) limits the growth of a 
culture which can increase the antioxidant production. 
Therefore, for possible increase production of antioxidant 
and anticancer properties, the isolate was cultured 
anaerobically in a minimum growth medium like plantarum 
minimal medium (PMM5) at 37°C for 48 h.[14]

Antioxidant screening of the isolates

The antioxidant activity of the isolates was investigated by 
using of different methods according to Kim et al. 2006.[1]

Bacterial identification

Biochemical and physiological identification were assessed 
according to Vos et al. (2009).[15] The acid and bile 
tolerance of the bioactive isolate was determined according 
to Ryan et al. (2015).[16]

The DNA of antioxidant Lactobacillus strain was extracted 
by using of Gene Transfer Pioneers (GTP, Iran) kit 
according to the manufacturer’s instruction. The extracted 
genome was quantified using a Picodrop Spectrophometer 
(Picodrop, UK).

Amplification of the V2-V3 regions of 16S rRNA and the 
16S-23S intergenic spacer (ITS) region was performed 
on total DNA from the antioxidant Lactobacillus. 
Primers were designed as described by Jose et al. 
(2015)[17]: 16-1A (5 ̓-GAATCGCTAGTAATCG-3 ̓) and 23-
1B (5 ̓-GGGTTCCCCCATTCGGA-3 ̓) (Pioneer, Korea). 
PCR was carried out in a 50 µl reaction volume containing 
5 U of Taq DNA polymerase, 5 µl of 10 × PCR reaction 
buffer, 0.2 mM each primer, 0.5 mM MgCl2, 0.2 mM 
dNTPs, and 200 ng of purified genomic DNA. The amplified 
products were separated on 2.0% agarose gels containing 1 
× TAE electrophoresis buffer. All the PCR reagents were 
purchased from CinnaGen, Iran. PCR product were gel 

purified individually using the GeneJET PCR purification 
kit (Thermo Scientific, USA) and confirmed amplicon was 
sequenced using Bioneer sequencing methods, Bioneer 
Inc. (Daejeon, South  Korea). The phylogenetic tree of 
Lactobacillus strain was constructed using the MEGA 
7.0.14 software program by Neighbor-joining (NJ).[18]

Preparation of extracellular extract of lactobacillus

Supernatants of fermented PMM5 broth by the antioxidant 
isolates was acquired by centrifuging at 4,000 ×g for 
15  min at 20°C and then were passed through sterile 
0.22 µm pore-size filters (Sartorius, Germany) and freeze 
dried (Pishtaz Engineering, Iran). Methanol extracts of 
the extracellular materials were prepared by mixing 1  mg 
freeze-dried of samples in 1  mL methanol and kept at the 
tight container at 4°C, from which different concentration 
of samples (20, 40, 80, and 120 µg/mL) were prepared.[19]

DPPH assay

In DPPH (2, 2-diphenyl-1-picryl-hydrazyl-hydrate) assay, 
the odd electron of nitrogen atom in DPPH is reduced by 
getting a hydrogen atom from antioxidants that developed 
the reduced form of DPPH with the loss of violet color 
which was determined by absorbance at 517 nm.[20]

For performing the DPPH assay, DPPH solution was 
freshly prepared by dissolving 40 µg DPPH powder 
(Sigma, USA) in 1 mL methanol and kept in dark place. 5 
dilution series of samples (250 µL) added in the wells of a 
96-well plate. DPPH solution (63 µL) was added to all of 
wells. Methanol extract of PMM5 broth was used as blank. 
The mixture was shaken and kept at room temperature in 
the dark for 30 min. All the experiments were repeated for 
three times. Then the absorbance was read at 517  nm in 
a Power wave XS2 Microplate spectrophotometer (Bio-Tek 
Instruments Inc., USA). Butylated hydroxytoluene (BHT) 
(Merck, Germany) (1  mg/mL) was used as the standard 
antioxidant reference. The radical scavenging activity of 
the samples was calculated by the following equation:

Inhibition of DPPH radical (%) = [(control – sample)/
control] × 100

Where control is the absorbance of all reagents except the 
test compound, and sample is the absorbance of the sample. 
IC50 was calculated from the graph plotted of inhibition 
percentage against samples concentration and equals to 
sample concentration providing 50% inhibition.[21]

Fraction isolation by TLC

A fixed amount and concentration of methanol extract 
(10 µL of 10  mg/mL) was applied each time on a 
pre-coated silica gel plate 2 × 10  cm, F254, 0.25  mm 
(E. Merck, Darmstadt, Germany). Each supernatant 
extract was developed using different solvent systems 
[such as chloroform:methanol (2:1), methanol:chloroform 
(1:1), chloroform:methanol:ethyl acetate (3:1:1), 
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acetone:chloroform (4:1), methanol:aceton:chloroform 
(2:1:1) and methanol:chloroform:dichloromethane (3:1:1)]. 
All the solvent was purchase from Merck, Germany. 
The developed plates were air dried and observed under 
visible and UV light (240 and 300  nm). A  bioautographic 
evaluation was conducted to check the antioxidant activity 
of separated compounds on TLC plate. For this purpose, the 
developed air dried plate was sprayed with the methanol 
solution of 0.1% DPPH antioxidant reagent.

The solvent system which can separate the antioxidant 
fractions from each other approximately in the middle 
of the TLC plate was selected. The active antioxidant 
constituents were noted according to their Rf (Maintenance 
Coefficient) values.[14] RF is defined as the ratio of stain 
motion to the solvent motion.[22] By using of TLC-DPPH 
autography, nine total bands were found.

After precise setting up the solvent system, the procedure 
repeated for 10  times until the appropriate amount of each 
fraction was obtained for further investigations.

The scratched samples with the same Rf was dissolved in 
HPLC grade methanol (Merck, Germany) and centrifuged 
at 12,000 ×g for 15  min to remove silica; then the 
combined extracts were evaporated to near dryness in the 
rotary (Heidolph, Germany) below 40°C.

Cell lines and cultures

AGS (human gastric carcinoma), Caco-2, and MCF-7 (breast 
cancer cell lines) were obtained from Iranian Biological 
Resource Centre. The AGS cells were cultured in Ham’s 
F12 (Inoclon, Iran), MCF-7, and Caco-2 cells were cultured 
in Dulbecco’s Minimum Essential Medium (DMEM): 
Ham’s F12 (Inoclon, Iran). All cell lines were maintained in 
90% medium supplemented with 100 µg/mL streptomycin 
(ATOCEL, Australia) and 10% heat-inactivated fetal bovine 
serum (ATOCEL, Australia). The cells were incubated 
at 37°C in CO2 incubator (Innova CO-170, USA) in an 
atmosphere of humidified 5% CO2 and 95% air.

Determination of cytotoxicity by MTT assay

Exponentially growing cell lines were seeded into 96-well 
plates at the concentration of ~ 1 × 104  cells per well and 
allowed to attach for 24  h. Test fractions isolated from 
antioxidant Lactobacillus strain were prepared in dimethyl 
sulfoxide (DMSO) (Sigma, USA) and serially diluted with 
basic media to obtain appropriate concentrations (400, 200, 
100, 50, 25 µg/mL) in such way that DMSO concentration 
was lower than 0.2%.[23]

Cells were treated with different concentrations of fractions 
and incubated for 24 h. Cells in the control group received 
only media containing 0.2% DMSO. The test compound 
containing media was removed and washed with 200 µl 
of PBS followed by addition of 20 µl of 3-(4, 5-dimethyl-
2-thiazolyl)-2 and 5-diphenyl-2H-tetrazolium bromide 
(MTT) reagent (5  mg/mL MTT in PBS) (Sigma, UK) and 

incubated for 3h at 37°C. The medium was removed and 
100 µl DMSO was added into the wells to solubilize the 
purple crystal formazan and the absorbance was measured 
using a microplate reader (Bio-Tek Instruments Inc., USA) 
at the wavelength of 570  nm.[24] The effect of the samples 
on the proliferation of cell lines was expressed as the% cell 
viability, using the following equation:

% cell viability = [(At –A0)/(Ac-A0)] × 100.

Where Ac  =  Absorbance of cells treated with 0.2% 
DMSO medium, At  =  Absorbance of cells treated with 
extract/fractions, and A0= Absorbance of background. 0.1% 
(v/v) DMSO in the medium was used as negative control. 
Each treatment was performed in triplicate. The 50% 
growth inhibition concentrations (IC50) of the partial-purified 
fractions were estimated from the graphical interpolation.[25]

Apoptosis assessment by flow cytometry

Apoptotic cancer cells were detected by flow cytometry 
after double staining with annexin V-FITC and PI using 
the phosphatidyl serine detection kit (IQP-116F, UK). 
The samples were subjected to PARTEC Flow Cytometric 
analysis (Partec GmbH, Germany). Untreated cells were 
used as a negative control.

Component characterization

The bioactive fractions of the antioxidant and anticancer 
Lactobacillus strain supernatant were tested for the 
presence or absence of different compounds by using the 
methods of Jayashree (2013).[26]

Results
Among 14 Lactobacillus isolates that were isolated from 
20 traditional doogh samples, Lactobacillus strain AG12a 
was isolated from camel doogh that was collected from 
Agh-Ghala, Golestan province, Iran.

Antioxidant screening of the isolates

Lactobacillus strain AG12a was shown as an antioxidative 
activity, and it survived for 6 h in the presence of hydrogen 
peroxide and hydroxyl radical. Superoxide-dependent 
growth inhibition was not established in the case of 
Lactobacillus strain AG12a.[13] It means that it is resistant 
to superoxide anions.

Bacterial identification

The anticancer Lactobacillus strain AG12a was primarily 
identified by biochemical and physiological tests and was 
assigned as L. hilgardii. The strain was confirmed to be a 
probiotic by survival at bile salt concentration of 0.3% and 
different initial culture pH values. The result of biochemical 
tests is confirmed by the result of genotypic identification 
by 99% similarity to L. hilgardii strain E91 (Accession 
No. EF536365). The V2-V3 regions of 16S rRNA and 
the 16S-23S intergenic spacer (ITS) region nucleotide 
sequences of the isolate was deposited in GenBank under 
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accession numbers KU922755. The phylogenetic tree of 
this strain is shown in Figure 1.

DPPH assay

The DPPH scavenging activity of methanol extract of 
Lactobacillus strain AG12a whole cell-free supernatants 
after 48  h anaerobic cultivation in PMM5 broth 
(IC50 of 535.27µg/mL) was higher than MRS broth 
(1445.13 µg/mL) [Figure 2]. So, the PMM5 broth was used 
for further investigation.

Fraction isolation by TLC

Among all of used solvent systems, methanol: chloroform: 
dichloromethane (3:1:1) was selected for Lactobacillus 
strain AG12a that shows the best fractionation of the 
extracellular materials. Table  1 demonstrate the bioactive 
groups and Rf values of fractions from Lactobacillus strain 
AG12a by TLC-bioautography.

Determination of cytotoxicity by MTT assay

By using of MTT assay, the anticancer activity of 
antioxidant fractions against Caco-2 cell lines are displayed 

in Table  1. The criteria used to classify the anticancer 
activity of Lactobacillus extracellular methanol fraction 
against human cancer cell lines, based on IC50 values, were 
revised from those of National Cancer Institute (NCI).[27]

All the fractions are extracted from extracellular materials 
of Lactobacillus strain AG12a were inactive with 
undetectable IC50 levels for MCF-7 and AGS cell lines. 
Three fractions were weakly active (IC50  201-500 µg/
mL) against Caco-2 cell lines [Table  1 and Figure  3]. The 
lowest IC50 belonged to fraction F4 that was investigated 
for further analysis of apoptosis assessment.

Apoptosis assessment by flow cytometry

According to the MTT assay, fraction (F4) of Lactobacillus 
strain AG12a extracellular is only effective against 
Caco-2 cell line, so the further analysis continued by 
this cell line. The results of flow cytometric analysis 
of the most effective fraction (F4) against Caco-2 cell 
line (with 17.30% apoptosis and 14.05% necrosis in the 
“FL3 –“graph) and untreated Caco-2 cell line (as blank) 
are shown in Figure  4 (with 3.33% apoptosis and 4.57% 
necrosis in the “FL3 – ” graph).

Component characterization

The partial characterization of the active component 
was shown in Table  1. The F4 fraction with the highest 
anticancer activity has the primary and secondary amines 
and reacts with ninhydrin reagent [Figure 5].

Discussion
Recently, the beneficial effect of healthy diet was confirmed 
on different kind of cancers.[28,29] There is great interest 
in the potential function of probiotics as a complement 
therapy in cancer treatment. Several studies have revealed 
the relation between the dairy products consumption and 
the colon cancer risk and concerned the activity of probiotic 
bacteria in cancer prevention. There is increasing evidence 
that probiotics may have an effect on the cancer prevention 
by proliferation regulation and apoptosis.[30]

In this work, we investigate the antioxidant, anticancer, 
and possible apoptotic properties of Lactobacillus strains 
isolated from traditional doogh samples. Lactobacillus 
strain AG12a showed high antioxidant properties which 

Figure 1: Phylogenetic tree based on the V2-V3 regions of 16S rRNA and 
the 16S-23S intergenic spacer (ITS) region nucleotide sequences of the 
Lactobacillus strain AG12a using the MEGA v7.0.14 program by neighbor-
joining (NJ) method

Figure 2: Antioxidant activity of extracellular L. hilgardii strain AG12a cultivated in (a) PMM and (b) MRS media by DPPH assay. Results are expressed 
as mean ± SD, P = 0.05

ba
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was isolated from camel doogh. The bioactive compounds 
secreted from Lactobacillus strain AG12a in the PMM5 
medium after 48  h fermentation are mainly polar which 
can be extracted by polar solvents such as methanol 
and chloroform. Among the compounds isolated from 
extracellular materials of Lactobacillus strain AG12a by 
using of TLC-DPPH bioautography, nine bands showed 
high antioxidant property and three bands exhibit weak 
cytotoxic activity against the Caco-2 cell lines [Table  1]. 

According to partial characterization, the F4 fraction of 
Lactobacillus strainAG12a which has the highest anticancer 
activity against Caco-2 cell line (IC50  299.05 µg/mL) has 
the peptide bonds (primary and secondary amines) without 
any carbohydrate, phenol, and alkaloid compounds in 
its structure. The flow cytometry results showed that 
the probable mechanisms of cytotoxic activity of this 
fraction were apoptosis (17.30%) and necrosis (14.05%). 
In this study, the anticancer and apoptotic properties 
of Lactobacillus hilgardii against Caco-2 cell line was 
reported for the first time.

Several studies reported the inhibitory effects of probiotics 
on the proliferation of colon cancer cell lines. Ewaschuk 
et al. (2006) noted that Lactobacillus acidophilus, 
L. bulgaricus, L. casei, L. plantarum, Bifidobacterium 
breve, B. infantis, B. longum, and Streptococcus 
thermophiles reduced the viability and induced apoptosis 
of HT-29 and Caco-2  cells.[31] Sevda et al. (2015) 
demonstrated the antiproliferative effects of the cell-free 
filtrate and the cell-free lyophilized filtrate of 3 LAB 
(L. plantarum, Pediococcus pentosaceus, and Weissella 
confusa) on the Caco-2 cell line in a dose-dependent 
manner as detected by the MTT assay.[32] Awaisheh et 
al. (2016) stated that L. acidophilus LA102 and L. casei 

Table 1: Rf values and partial characterization of fractions isolated from extracellular materials of Lactobacillus 
hilgardii strain AG12a. IC50 values against Caco‑2 cell line was evaluated by MTT assay

Fractions Rf IC50 
(µg/mL)

Bioactive groups
Carbohydrate Protein Alkaloids Terpenoids Phenols

F1 0.11 ‑ ‑ + ‑ ‑ ‑
F2 0.3 ‑ ‑ + ‑ ‑ ‑
F3 0.35 ‑ ‑ + ‑ ‑ ‑
F4 0.41 299.05 ‑ + ‑ w* ‑
F5 0.46 ‑ ‑ ‑ ‑ W ‑
F6 0.51 402.17 w w + W ‑
F7 0.53 ‑ ‑ w ‑ + ‑
F8 0.64 ‑ ‑ ‑ ‑ + ‑
F9 0.65 366.17 ‑ ‑ ‑ + ‑
*w weak reaction

Figure  3: Effect of F4 fraction of L. hilgardii strain AG12a extracellular 
on Caco-2 cell lines by MTT assay. Results are expressed as mean ± SD, 
P = 0.05

Figure 4: (a) Flow cytometry of Caco-2 cell line incubated with fraction 4 of L. hilgardi strain AG12a for 24 h stained with 10 µL Annexin V and 10 µL 
propidium iodine that shows 17.30% apoptosis and 14.05% necrosis in the “FL3 –“graph. (b) Effect of Lactobacillus hilgardii strain AG12a extracellular 
extracts on Caco-2 cell lines. Results are expressed as mean ± SD, P = 0.05

ba
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LC232 exhibited a strong cytotoxic activity against Caco-
2 cell line.[33] Kim et al. (2008) states that colon cancer 
cell lines treatment with Bifidobacterium adolescentis 
SPM0212 cell-free supernatant was the most potent 
inhibitor than whole cells and heat-killed cells, against 
the growth of SW 480, HT-29, and Caco-2  cells by 32%, 
36%, and 47%, respectively.[34]

Vamanu et al. (2006) reported that probiotic ingestion 
might lessen colon carcinogenesis by carcinogenic 
compounds inactivation, immune response stimulation, 
and enzymatic activity reduction in the gastrointestinal 
tract which are known to convert procarcinogens into 
carcinogens.[35] In vitro studies have shown that, in 
general, live cells of probiotic bacteria possessed higher 
anti-mutagenic activity.[36] Most animal and human 
studies indicate that feeding certain LAB decreases fecal 
enzyme levels that may be involved in the formation of 
carcinogens.[37]

Because of weak anticancer activity of isolated fractions 
from L. hilgardii, we highly recommended the live cell 
intake of lactobacilli for cancer prevention and treatment.

Considering that the samples used were semi-purified 
fractions, it is important to note that the pure active 
compound(s) would possibly show stronger cytotoxic 
effects. Further isolation and purification is essential and 
going to identify these bioactive compounds.

In conclusion, a fraction of Lactobacillus hilgardii 
extracellular extract contains molecules that demonstrates 
in vitro antioxidant and anticancer activities and seems to 
be a promising approach in the probiotic use of L. hilgardii 
strains as a supportive therapy or disease prevention. 
Additional in vivo studies are strongly required in order 
to validate these findings and provide protocols for the 

application of Lactobacillus hilgardii strain AG12a or its 
purified compounds into the pharma foods, and the real 
usefulness of probiotics for preventing cancer disease.
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