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Abstract:

BACKGROUND: Colorectal cancer is the third leading to death type of cancer in the world.
The therapeutic guideline varied between different methods. As the main therapeutic guideline
is chemotherapy, recent studies had shown utilization of natural products in combination with
conventional medication, elevate the efficiency of chemotherapeutic methods. Kombucha is a
traditional beverage obtained from the fermentation of green tea as a rich source of flavonoid
medicinal plant. This study aimed to evaluate the natural potential of combination therapy of this
natural product with doxorubicin as a chemotherapeutic agent.

MATERIALS AND METHODS: The study was performed as in vitro evaluation of biological activity
of kombucha on HCT-116 cell line (human colon cancer cell line). The cytotoxic effect of different
kombucha beverages (fermented green tea) in comparison with green tea extract was evaluated by
dimethylthiazolyl tetrazolium bromide (MTT) assay. In the next step, anticancer activity of doxorubicin
as a general guideline chemotherapeutic agent in combination with kombucha was evaluated by
cell cycle analysis and apoptosis assay flow cytometry. Apoptotic genes expression pattern was
determined using real-time polymerase chain reaction. The experiments were designed in three
independent replications and statistically analyzed using SPSS software.

RESULTS: The results show that kombucha compared with the green tea extract caused
more (1.2 fold) early apoptosis induction and GO/G1 phase arrest. Moreover, kombucha increased
the expression levels of p21, p53, and B-cell leukemia/lymphoma 2 (Bcl-2)-associated X protein
genes (2, 2.5, and 1.5 fold, respectively) while it decreased Bcl-2 gene expression level (5-8 fold)
compared with doxorubicin alone. Combination of kombucha with doxorubicin shows 2-fold increased
G0/G1 phase compared with the doxorubicin treatment.

CONCLUSION: This result indicated that kombucha caused boosted anticancer activity of doxorubicin
agent. These findings suggest that kombucha may be has an assistor and useful role in colorectal
cancer treatment align with chemotherapy.
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17.5 million anticipated cancer deaths and
27 million new cancer cases will happen
annually 2050." Accounting to 8% of all
cancer-related deaths annually, colorectal
cancers are the third leading cause of
cancer death in both men and women.*!

Introduction

ne of the main worldwide causes of
mortality is cancer and demonstrates
a serious health problem. According to
world health organization (WHO) reports,
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Asian lifestyle emerged by special dietary habits with
higher intake of meat, fat, and total calories, along with
increased life stresses, pressures, and expectancy, caused
a remarkable increase in the burden of colorectal cancer
prognosis.*4

In Iran, colorectal cancer is one of the most common
prognostic cancers. This type of cancer is the third
most common cancer in Iranian men (standardized
incidence: 8.1-8.3/100,000) and the fourth most common
cancer in women with a standardized incidence of 6.5—
7.5/100,000.571 As known, this is a multifactorial disease.
Low physical activity, high body mass index (BMI),
high-fat diet, alcohol consumption, low intake of
vegetables and fruit, tobacco smoking, a family history,
and use of certain medications, including contraception
pills and nonsteroidal anti-inflammatory drugs, are risk
factors for cancer.”!

Disruption of the apoptosis process, mutations in
proto-oncogenes, mutations in repairing genes, and
tumor suppressors are the main cause’s of colorectal
cancer . Other than surgery, radiotherapy, endocrine
therapy, and immunotherapy, chemotherapy is the main
treatment for cancer.'”l However, conventional cancer
chemotherapy is associated with high systemic toxicity
and low therapeutic effectiveness. Therefore, reducing
the side effects of chemotherapy has become a focus in
the management of cancer."?

Natural product and medicinal herb use in combination
with conventional medication is a new manner to help
reduce the side effects of chemotherapy.' Green teaas a
medicinal plant is one of the richest sources of flavonoids.
Green tea is rich in flavonoids such as catechin,
epicatechin, epigallocatechin, and epigallocatechin
gallate, which have been recognized as anti-inflammatory,
antioxidant, anticancer, and antimutagenic agents.!
Based on practical studies, consumption of green tea can
help weight loss, decreases BMI, and decreases insulin
resistance.*! Despite the huge evidence on the green tea
benefits, this type of tea has very low popularity. Among
the available black tea brands, the imported ones are
more popular than the homemade products.['”!

Kombucha is a traditional beverage usually obtained
from the fermentation of black or green tea (sweetened
with 5%-8% of sugar) by a symbiotic microbial
consortium, which is mainly composed of acetic acid
bacteria and osmophilic yeasts.!"*'”? Kombucha is known
for its nutraceutical properties and consumed in Asia for
thousands of years. History of preparation of this drink
dating back to approximately 220 BC . In last decades,
the market interest has spread to the whole world, and
also, home brewing is now a common practice.!'8*]
Today, kombucha is commonly consumed worldwide

as a medicinal health-promoting beverage.?**l Many
researches demonstrated that kombucha constitutes a
potent therapeutic supplement that improved resistance
against cancer, prevented cardiovascular diseases,
promoted digestive functions, stimulated the immune
system, and reduced inflammatory problems.2022%!
The beneficial effects of kombucha are attributed to
the presence of polyphenols, gluconic acid, glucuronic
acid, lactic acid, vitamins, amino acids, antibiotics,
and a variety of micronutrients produced during
fermentation.®! The anticancer mechanisms of green
tea polyphenols include inhibition of gene mutation,
inhibition of cancer cell proliferation, induction of
cancer apoptosis, and termination of metastasis.**2%"]
In the traditional medicine, the anticancer activity of
kombucha had reported with no scientific knowledge
background. Recent studies as Jaya Balan group
investigations, take a new overview for anticancer
specification of kombucha especially in liver and renal
carcinoma.” Hence, the present study aimed to evaluate
the anticancer potential of kombucha on the HCT-116
cell line (human colon cancer cell line) and therapeutic
effectiveness in combination with doxorubicin as a
common chemotherapeutic agent.

Materials and Methods

Study design and setting

The study was performed as in vitro evaluation of
biological activity of kombucha on HCT-116 cell
line (human colon cancer cell line). Two different
kombucha beverages (pasteurized fermented green
tea) were purchased from Delestan Health Tea
Factory: kombucha beverage was fermented for
2 weeks (kombucha 1) and 3 weeks (kombucha 2). For
comparison, green tea extract was prepared from boiled
green tea (12 g) for 15 min, then filtered through a sterile
sieve, and cooled to room temperature. Doxorubicin was
purchased from Sigma-Aldrich Chemicals (USA). The
HCT-116 cell line was purchased from Pasteur Institute
of Iran, Tehran, Iran.

Evaluation of cytotoxicity

Determination of half maximal inhibitory
concentration (IC50)

The cytotoxic effect of different kombucha
beverages (fermented green tea) in comparison with
green tea extract was evaluated by dimethylthiazolyl
tetrazolium bromide (MTT) assay. Briefly, HCT-116
cells were seeded in Dulbecco’s Modified Eagle’s
Medium, supplemented with 10% fetal bovine serum,
100 ug/mL of penicillin, and 100 ug/mL of streptomycin
in 96-well plate sat 10,000 cells per well for 24 h at 37°C
in a humidified atmosphere of 95% air and 5% CO,.
After 24 h, cells were exposed for 48 h at 37°C to known
concentrations of the kombucha beverage, green tea
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extract, and doxorubicin. Then, the culture medium was
removed and 200 ul of MTT reagent (diluted in culture
medium, 0.5 mg/ml) was added. Following incubation
for 4 h, the MTT/medium was removed and replaced
with dimethyl sulfoxide (200 ul) to dissolve the formazan
crystals. The absorbance of each well was recorded by
EPOCH microplate spectrophotometer (BioTek, USA)
at 570 nm. The cells without culture medium treatment
were defined as a control group. The cell viability was
calculated using the following formula:

Growth inhibition percent = A570 nm of treated cells/
A570 nm of control cells x 100.13!

Evaluation of anticancer activity

Cell cycle analysis

HCT-116 cells were seeded at a density of 2 x 10 cells
into 24-well tissue culture plates. After culturing for
24 h, the medium was changed and the desired to
concentrations of the kombucha beverages 1 (3.21 mg)
and 2 (3.83 mg), combination of kombucha beverages
1 + doxorubicin (2.1 mg) and kombucha beverages
2 + doxorubicin (1.43 mg), green tea extract (1.9
mg), and doxorubicin (0.0018 mg) added. After 48
h of incubation, the cells were harvested and fixed
gently with 80% ethanol in the freezer for 2 h and
then treated with 0.25% Triton X-100 for 5 min in
ice bath. Cells were resuspended in 150 uL of PBS
containing 40 ug/mL propidium iodide (PI) and 0.1
mg/mL RNase and were incubated in a dark room
for 20 min at room temperature. Cell cycle analysis
was performed using a FACScan flow cytometer. The
data were analyzed using FlowJo 9.0 software (Tree
Star, Ashland, OR, USA). Untreated cells were used
as a control group.®*!

Apoptosis assay

HCT-116 cells were seeded in 24-well tissue culture
plates (2 x 10° cells/well). After 48 h, the medium was
changed and treated with the desired concentrations
as above. After 48 h, the cells floating in the medium
were collected and added to the detached adherent cells
with 0.05% trypsin. After gentle pipetting, the cells were
centrifuged for 5 min at 1500 x g. The cell pellet was
stained with annexin V-fluorescein isothiocyanate (FITC)
and PI according to the manufacturer’s instructions.
Briefly, the supernatant was removed, and cell pellet
was washed twice with ice-cold PBS (pH 7.4) and
resuspended in 500 uL PBS. The cells were incubated
with 5 uLL of annexin V-FITC and 10 puL of PI in the dark
for 20 min at room temperature. Finally, the stained
cells were subjected to fluorescence intensity assay in
FL-1 (FITC) and FL-2 (PI) channels, using FACScan flow
cytometer (Mindray, China). Annexin V-FITC detects
translocation of phosphatidylinositol from the inner to
the outer cell membrane during early apoptosis, and PI

can enter the cell in late apoptosis or necrosis. Untreated
cells were used as a control for the double staining. The
data were analyzed using Flow]o 9.0 software (Tree Star,
Ashland, OR, USA).2821

Apoptotic gene expression assay

The HCT-116 cells were seeded in 6-well platesat 1 x 106
cells per well for 24 h and then treated as previous.
After incubation for 48 h of incubation, total RNA
was extracted using RNX-Plus reagent (RNX-Plus™
CinnaGen Co). Total extracted RNA was quantified
by optical density measurement (A260/A280 ratio)
with NanoDrop 2000c Spectrophotometer. The cDNA
synthesis was performed using QuantiTect Reverse
Transcription Kit (Qiagen, USA). The cDNA was
utilized as a template for subsequent quantitative
polymerase chain reaction (qPCR) amplification
using primers specific for B-cell leukemia/lymphoma
2 (Bcl-2)-associated X protein (Bax), Bcl-2, p21, p53, and
B-actin genes. The P-actin gene was used as an internal
control gene [Table 1]. The primer sequences were
designed using Gene Runner software version 6.4.08
Beta (Hastings Software Inc., NY, US).

g-PCR reaction was carried out on step one real-time
PCR system (Thermo Scientific, USA( using SYBR Green
PCR Master Mix. The reaction mixture consisted of 1 ul
of cDNA, 5.75 uM of each primer, and 12.5 u M of 1X
gPCR master mix. The gPCR program performed with
following steps: The first step was initial denaturation
at 95°C for 2 min, followed by 35-cycle denaturation at
95°C for 30 s, annealing at 58°C for 30 s, extension at
72°C for 40 s, and the final extension at 72°C for 7 min.
The results were expressed as 2744450311

Table 1: Primer sequences used for evaluation of
apoptotic gene expression by quantitative polymerase
chain reaction

Gene name Gene sequence (5—3) Product
length (bp)

Bax
Forward CCCGAGAGGTCTTTTTCCGAG 144
Reverse TGGTTCTGATCAGTTCCGGC

Bcl-2
Forward GTTCCGCGTGATTGAAGA 191
Reverse CCCGGTTATCGTACCCT

p21
Forward GGCACCCTAGTTCTACCTCA 245
Reverse CTCCTTGTTCCGCTGCTAAT

p53
Forward CGTGTGGAGTATTTGGATGAC 101
Reverse TTGTAGTGGATGGTGGTACAGTC

B-actin
Forward AAAACTGGAACGGTGAAGGT 130
Reverse AACAACGCATCTCATATTTGGAA
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Data collection tool and technique

All of the experiments were in a minimum of three
independent replicates. The results were expressed as
mean + standard deviation. Differences between groups
were assessed by one-way ANOVA. The significance
of difference between particular treatment groups was
analyzed using SPSS software (version 20.0; IBM Corp.,
Armonk, NY, USA). P <0.05 was considered statistically
significant.

Results

Cell viability

The cell viability assay was assessed by MTT
method. After evaluation of half-maximal inhibitory
concentration (IC50) concentration of each agent
individually, HCT-116 cells were exposed for 48 h
at 37°C to known serial concentrations of kombucha
beverage, green tea extract, and doxorubicin. The
IC,, values of each one are presented in Table 2.
According to IC50 concentration, the treatment groups
were selected as follows: kombucha beverage 1 (3.21
mg), kombucha beverage 2 (3.83 mg), kombucha
beverage 1 + doxorubicin (2.1 mg), kombucha beverage
2 + doxorubicin (1.43 mg), green tea extract (1.9 mg),
and doxorubicin (0.0018 mg). The results show that
kombucha beverages could significantly increase the
cytotoxicity of doxorubicin, in this state, the IC, of
doxorubicin diminished to ~1.5-fold in HCT-116 cells.

Cell cycle

The cell cycle analysis of treated HCT-116 cells with
each group is shown in Table 3. The results showed
that administration of kombucha compared with the
green tea extract significantly increased the G0/G1
phase compared with green tea extract (i.e., 60.5% and
55.7% at kombucha 2 and kombucha 1 vs. 55.6% green
tea, respectively), with a concomitant decrease in S
phase cells. Therefore, during kombucha treatment,
transition of the cells to S phase could not performed
and they remain in GO/G1 phase of the cell cycle.

Table 2: The IC,, values of kombucha beverage

1 (3.21 mg), kombucha beverage 2 (3.83 mg),
kombucha beverage 1+doxorubicin (2.1 mg),
kombucha beverage 2+doxorubicin (1.43 mg), green
tea extract (1.9 mg), and doxorubicin (0.0018 mg) on
HCT-116 cells

Treatment

IC_, value (mg.ml)

Kombucha beverage 2+doxorubicin 0.586+0.46
Kombucha beverage 1+doxorubicin 0.615+0.28
Doxorubicin 0.879+0.38
Kombucha beverage 2 0.937+0.19
Kombucha beverage 1 0.964+0.29
Green tea extract 1.24+0.1

Data represent the mean+SD. SD=Standard deviation

Moreover, the co-administration of kombucha with
doxorubicin increased the GO/G1 phase compared
with the doxorubicin alone (i.e., 71.2% vs. 61.5%,
respectively) [Table 3].

Apoptosis

Apoptosis progress was analyzed using double-staining
annexin V-FITC/PI in the treated HCT-116 cells using
flow cytometry. The scatter plot of double-variable
flow cytometry illustrated living cells in the Q1
quadrant (FITC-/PI-), early apoptotic cells in the
Q2 quadrant (FITC+/PI-), late apoptotic cells in the
Q3 quadrant (FITC+/PI+), and necrotic cells in the
Q4 quadrant (FITC—/PI+). As shown in Figure 1,
treatment with kombucha compared with the green
tea extract caused significantly increasing in the rate
of early apoptosis [i.e., 15.6% and 10% at kombucha
2 and kombucha 1 vs. 6.08% green tea, Figure 1la-f,
respectively]. Moreover, the co-administration of
kombucha with doxorubicin drug increased the cells
in the early phase apoptosis rate compared with
the doxorubicin individually (i.e., 20.1% vs. 17.4%,
respectively).

Apoptotic genes expression

Expression of genes that involved in cell survival
and apoptosis (Bax, Bcl-2, p21, and p53) evaluated
by real-time PCR. As illustrated in Figures 2-5, the
administration of kombucha compared with the green
tea extract increased the expression levels of p21, p53,
and Bax while it decreased the expression level of Bcl-2
in HCT-116 cells during 48 h. Moreover, the treatment
HCT-116 cells with kombucha compared with the green
tea extract increased the ratio of Bax/Bcl-2 expression.
Moreover, the co-administration of kombucha with
doxorubicin increased the p21, p53, Bax, and the ratio of
Bax/Bcl-2 expression while it decreased the expression
level of Bcl-2 compared with the doxorubicin treatment
alone [Table 4].

Discussion

In the traditional medicine according to epidemiological
studies, green tea is known as strong protective against
certain human cancers. The main constructors of chemical
composition of green tea are catechin polyphenols that
demonstrated inhibition activity against proliferation
of colon carcinoma, lung carcinoma, breast carcinoma,
melanoma, and leukemic cells. Chemoprevention using
a combination of dietary phytochemicals with diverse
mechanisms has proposed as a successful approach
to control different types of cancer with fewer side
effects.>

The anticancer and antiapoptotic effect of kombucha
beverage prepared from green tea on human colon cancer

4 Journal of Education and Health Promotion | Volume 10 | October 2021



Rasouli, et al.: Inhibition of colorectal cancer by combination of kombucha with chemotherapy

Table 3: Cell cycle analysis results of kombucha beverage 1 (3.21 mg), kombucha beverage 2 (3.83 mg),
kombucha beverage 1+doxorubicin (2.1 mg), kombucha beverage 2+doxorubicin (1.43 mg), green tea extract (1.9

mg), and doxorubicin (0.0018 mg) on HCT-116 cells

Cell cycle stage = Kombucha beverage = Kombucha beverage Doxorubicin Kombucha Kombucha Greentea Control
2+doxorubicin 1+doxorubicin beverage 2 beverage 1 extract

GO0/G1 71.2 66.1 61.5 60.5 55.7 55.6 51.2

S 12.4 12.7 13 13.2 14.4 14.8 20.9

G2/M 8.92 14 22.5 22.7 28.3 28.5 29.3

Table 4: Relative expression of Bax/Bcl2 in HCT-116 human colorectal cancer cell treated with kombucha
beverage 1 (3.21 mg), kombucha beverage 2 (3.83 mg), kombucha beverage 1+doxorubicin (2.1 mg), kombucha
beverage 2+doxorubicin (1.43 mg), green tea (1.9 mg), and doxorubicin (0.0018 mg) on expression levels of Bax,

Bcl-2, p21, and p53

Type of Kombucha beverage = Kombucha beverage  Doxorubicin Kombucha Kombucha Green tea Control
treatment 2+doxorubicin 1+doxorubicin beverage 2 beverage 1 extract
Ratio Bax/Bcl2 0.326 0.197 0.019 0.016 0.002 0.000000083 1
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Figure 1: Apoptosis assay using flow cytometry following the treatment of cells for 48 h. (a) Kombucha beverage 2 + doxorubicin (1.43 mg); (b) Kombucha beverage
1 + doxorubicin (2.1 mg); (c) doxorubicin (1.43 mg); (d) Kombucha beverage 2 (3.83 mg); (€) Kombucha beverage 1 (3.21 mg); (f) Green tea extract (1.9 mg); (g) Control

cells had not studied yet. Hence, in the present study, we
evaluated the effects of kombucha on the carcinogenic
factors in HCT-116 cells (human colorectal cancer
cell line) as in vitro model. The study was performed
in comparative mode between kombucha beverage,
green tea extract, and doxorubicin drug individually or
combined. As many researches have investigated the
antiproliferative properties of kombucha, the current
study demonstrated that kombucha has a significant
antiproliferative activity in vitro, against HCT-116 human
colon cancer cells. This effect suggested that correlated
to the kombucha rich matrix of polyphenols, D-saccharic
acid-1,4-lactone, vitamins, gluconic acid, glucuronic
acid, and lactic acid.? On the other hand, catechin that

Journal of Education and Health Promotion | Volume 10 | October 2021

was found in green tea has antioxidant, anticancer,
antidiabetic, and anti-atherosclerosis properties, which
were better exerted under an environment containing
acetic acid and glucuronic acid. The increase of anticancer
effects of catechin available in green tea may be because
of the existence of acetic acid and gluconic acid in
kombucha.[>3

In the recent study, the estimation of anticancer activity,
evaluated by cell cycle analysis in HCT-116 cells treated
with the desired concentrations of the kombucha
beverages, kombucha beverage + doxorubicin, green
tea extract, and doxorubicin, demonstrated that the
co-administration of kombucha with doxorubicin
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Figure 2: Expression of B-cell leukemia/lymphoma 2-associated X protein gene
following the treatment of cells for 48 h. Control; K1 = Kombucha beverage
1(3.21 mg), K2 = Kombucha beverage 2 (3.83 mg), K1D = Kombucha beverage
1+ doxorubicin (2.1 mg), K2D = Kombucha beverage 2 + doxorubicin (1.43 mg),
D = doxorubicin (1.43 mg), GT = Green tea extract (1.9 mg)
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Figure 4: Expression of p53 gene following the treatment of cells for 48 h.
Control; K1 = Kombucha beverage 1 (3.21 mg), K2 = Kombucha beverage 2 (3.83
mg), K1D = Kombucha beverage 1 + doxorubicin (2.1 mg), K2D = Kombucha
beverage 2 + doxorubicin (1.43 mg), D = Doxorubicin (1.43 mg), GT = Green tea
extract (1.9 mg)

drug increased the cells in the GO/G1 phase compared
with the doxorubicin treatment alone. Therefore, in
other words, kombucha beverages enhanced activity
of antitumor agents that is new sighing anti-colorectal
activity of in vitro studies and provides the possibility
that kombucha beverage acts as a biochemical modulator.
It could expect that kombucha beverages promote cancer
chemotherapy.

A regulated form of cellular suicide is apoptosis that
occurs in multicellular organisms due to endogenous
and exogenous death stimuli, including death ligands
such as tumour necrosis factor alpha (TNF-o), FasL/
CD95/Apol, and TNF-related apoptosis-inducing
ligand, as well as chemotherapeutic agents such as
cisplatin, doxorubicin, and 5'FU.B5*! Ability of cellular
mechanisms to suppress the tumor formation and

400 - 316.59
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Figure 3: Expression of B-cell leukemia/lymphoma 2 gene following the treatment
of cells for 48 h. Control; K1 = Kombucha beverage 1 (3.21 mg), K2 = Kombucha
beverage 2 (3.83 mg), K1D = Kombucha beverage 1 + doxorubicin (2.1 mg),
K2D = Kombucha beverage 2 + doxorubicin (1.43 mg), D = Doxorubicin (1.43 mg),
GT = Green tea extract (1.9 mg)
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Figure 5: Expression of p21 gene following the treatment of cells for 48 h.
Control; K1 = Kombucha beverage 1 (3.21 mg), K2 = Kombucha beverage 2 (3.83
mg), K1D = Kombucha beverage 1 + doxorubicin (2.1 mg), K2D = Kombucha
beverage 2 + doxorubicin (1.43 mg), D = Doxorubicin (1.43 mg), GT = Green tea
extract (1.9 mg)

response to many types of cancer therapy is due to
p53 proteins that induce apoptosis. Following cellular
stresses, p53 protein was stabilized and binds to DNA
as a tetramer, in a sequence-specific manner that
results in the transcriptional activation of a series of
apoptosis-associated proteins including p53-upregulated
modulator of apoptosis, Bax, Bcl-2 antagonist killer,
and Bcl-2. By keeping a balance between pro- and
antiapoptotic members, Bcl-2 proteins (located on the
mitochondrial membrane) regulate apoptosis.**! In
this study evaluation of apoptosis progress by annexin
V-FITC, staining in HCT-116 cells treated with the
desired concentrations of the kombucha beverages
revealed a significant increase in early-phase apoptosis
rate when doxorubicin administrated simultaneously
with kombucha beverage in comparison with the
doxorubicin individually.
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Targeted induction of apoptosis in cancer cells is an
important strategy for cancer prevention and therapy.
The present study findings demonstrated that kombucha
caused early apoptosis in HCT-116 human colorectal
cancer cell line and enhanced the effect of doxorubicin
as a chemotherapeutic agent. In addition, real-time
PCR analysis showed a significant increase of Bax,
p21, and p53 gene expression levels when doxorubicin
administrated simultaneously with kombucha beverages
versus doxorubicin alone. Hence, according to the
finding of this study, kombucha beverage could be
discussed as an assistor or booster of antitumor activity
of doxorubicin as a chemotherapeutic agent.

Conclusion

As previous studies revealed that green tea had a great
potential in cancer therapy, a recent study suggests that
kombucha beverage inhibited antiapoptotic function of
Bcl-2 and induced the cascade expression of Bax, p21,
and p53 genes more strongly. Therefore, kombucha
beverages prepared from green tea possess interesting
antiproliferative properties associated with significant
antiapoptotic activity in cellular and molecular scales.
Furthermore, these findings declared a new potential
of natural therapy alone or align to chemotherapy to
elevate the efficiency of general therapeutic guidelines
and decreased their side effects. On the other hand,
this study reviled the impact of natural product
manufacturing. As known, natural product therapy is
one of the hopeful aims as therapeutic or therapeutic
assistor in cancer medication. Use as nutrition or as drug
in two ways had a unique goal in cancer therapy domain.
As reported in the traditional documents the anticancer
use of kombucha, this study demonstrated this biological
activity against colorectal cancer in the in vitro model.
In addition, this study reviled a promiseful evidence
for use of kombucha combined with chemotherapeutic
guidelines to elevate the efficiency of general therapeutic
medicines. Therefore, this study suggested that future
researches will aimed to define new practical guidelines
more efficient with less adverse effects assisted with
natural products. Moreover, this study demonstrated
that kombucha beverages cause boosted activity of
doxorubicin antitumor agent in colorectal cancer
treatment. Therefore, this study recommended the more
focus on biological activity of kombucha beverage as a
less known natural product in cancer therapy especially
in the practical models.
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