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Abstract
Background: Anti-cancer agents encapsulated in nanoparticles (NPs) can result in higher efficiency.
Kombucha is a fermented tea beverage, and previous reports support its anti-cancer properties.
Objectives: The present study aimed to evaluate the anti-cancer and anti-inflammatory properties of poly
(lactic-co-glycolic acid) loaded Kombucha NPs (PLGA-K-NPs) against the A2780 human ovarian cancer
cell line.
Methods: The antioxidant activity was analyzed using ferric reducing ability of plasma and 2,2’-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) assays, along with the measurement of catalase (CAT) gene
expression. The gene expression of three interleukins (IL-1β, IL-6, and IL-10) was also determined to
demonstrate the anti-inflammatory properties of NPs.
Results: The results revealed the antioxidant effects of PLGA-K-NPs on the studied cell lines by increasing
Fe3+ reduction, inhibiting the free radical formation (P < 0.001), and increasing the expression of the CAT
gene (P < 0.001). In addition, NPs could significantly elevate the gene expression of IL-10 (P < 0.01) as an
anti-inflammatory cytokine at a 40 µg/mL concentration, while reducing the expression of IL-1β and IL-6,
and inflammatory cytokines at all tested concentrations (P < 0.01).
Conclusion: According to the obtained results, PLGA-K-NPs have anti-inflammatory and anti-oxidant
properties, therefore, they can be considered as a compound in the treatment of ovarian cancer. However,
it needs to be further investigated in animal studies to clarify more details.
Keywords: Antioxidant effects, Inflammation, Kombucha extract, Ovarian cancer, Poly (Lactic-co-glycolic
acid) nanoparticles

Background
Nanotechnology has been a promising new technology
in the treatment of many diseases in recent years (1).
Nanotechnology, by applying fine molecular particles
and structures as a tool to treat diseases, has attracted
further attention of researchers (2). Improving the
pharmacokinetic and pharmacodynamic properties of
nanomaterials can help in increasing their efficiency in
the diagnosis and treatment of diseases such as cancer (3).
Improved physicochemical properties of nanoparticles
(NPs) can increase their efficiency and can be studied as
one of the strategies for managing the effectiveness of NPs
(4-6).
Kombucha is a drink that consists of fermented black
or green tea. Despite its thousands of years of history,
this drink has recently become more popular, and this
popularity is probably due to its health benefits, along
with investigations toward the role of the microbiome in
human health (7). According to some reports, Kombucha

has anti-inflammatory and antioxidant properties, lowers
cholesterol and blood pressure, reduces cancer progression,
and improves liver, gastrointestinal, and immune function
(8,9). Some reports are available regarding the effect of
Kombucha on the treatment of various cancers, and its
cytotoxicity on colorectal, breast, and prostate cancer cell
lines (10-13). Despite the above-mentioned explanations,
the analysis of the bio-accessibility and bioavailability
of active compounds present in Kombucha should be
performed in human research to determine its effective
concentration for humans (14).
Poly(lactic-co-glycolic acid) (PLGA) or PLG is one of the
copolymers approved by the United States Food and Drug
Administration and has been broadly exploited to develop
drug delivery systems due to biodegradability, biosafety,
biocompatibility, and formulation diversity (15,16).
PLGA-based nano-carriers have shown appropriate
bioavailability in encapsulating and protecting drugs
against environmental degradation (17,18). Accordingly,
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PLGA-NPs have been widely used to treat various
diseases, including neurological/cerebral diseases, cancer,
inflammation, cardiovascular diseases, and immune
disorders (19-22). In addition, various bioactive substances
such as drugs, proteins, vaccines, and nucleic acids are
encapsulated using PLGA-NPs (20,22-24). These nanoscaled structures are developed for systemic, inhalation,
and oral therapies (18,25,26). Various studies encapsulated
anti-cancer chemical and biological compounds in PGLANPs and evaluated their effects. For example, PLGA-NPs
loaded with cisplatin to control ovarian cancer, PLGANPs loaded with polyethylene glycol to control breast
cancer, and PLGA-NPs loaded with vitamin D to control
pancreatic cancer are among these chemical compounds
(27-29). The PLGA-NPs have also been applied to
encapsulate curcumin, hyaluronic acid, and folate for
prostate, breast, and ovarian cancers, respectively (30-32).
Maintaining the survival of cancer cells depends on
programming their growth and proliferation under the
oxidative stress of metabolism. Therefore, increasing
oxidative stress and inflammation are the strategies of
cancer cells for survival and proliferation. The inhibition
of these processes can prevent tumor growth and
proliferation (33). In the present study, the A2780 human
ovarian cancer cell line was treated by PLG-NPs loaded
with the Kombucha extract (PLGA-K-NPs), and the effect
of these NPs on the anti-oxidant and anti-inflammatory
properties was evaluated using various methods.
Materials and Methods
Materials
2,2’-azinobis-3-ethylbenzothiazoline-6-sulfonic
acid
(ABTS), L-dehydroascorbic acid (DHA), and CYBER
Green were prepared from Sigma-Aldrich (USA). Ethanol
was purchased from Merck (Germany). The cell bank of
Pasteur Institute of Iran was selected to prepare the A2780
cell line. RPMI164 medium, fetal bovine serum (FBS),
streptomycin, and penicillin antibiotics were purchased
from GIBCO-USA products. PLGA-NPs loaded with the
Kombucha extract (PLGA-K-NPs) were synthesized and
characterized according to previous research (34).
The cDNA synthesis kit (Fermentase) and high pure
RNA isolation kit (Roche, Germany) were used for
polymerase chain reaction (PCR) analysis.
Cell Culture
RPMI164 medium was employed for A2780 cell lines,
which was added by penicillin/streptomycin (1%) and FBS

(10%), and incubated under CO2 (5%) and humidity (95%)
at 37 °C and employed for further experiments.
Evaluating the Antioxidant Effects of PLGA-K-NPs
ABTS Assay
To prepare ABTS cation radical solution, 7 mM ABTS (2
mL) was added to 2.45 mM (1 mL) potassium persulfate,
and the resulting solution was placed in a dark place at
25 °C for 16 hours. Then, the solution was diluted by
adding distilled water to reach the optical density (OD)
of 0.756 at a wavelength of 734 nm. Next, the diluted
ABTS radical solution at the ratio of 1:1 was added to
different concentrations of the Kombucha loaded PLGANP. After incubation for an hour at 37°C, the OD of the
resulting solution was read at 734 nm. In this test, various
concentrations (1, 0.5, 0.25, and 0.125 mg/mL) of PLGANPs were applied to obtain the IC50 value, along with the
standard compound (DHA) and control (distilled water).
The tests were repeated three times. The mean levels of
antioxidant activity were calculated by the following
equation (35):
Radical scavenging activity of % ABTS = (OD
/OD control) × 100.
sample

Evaluating of Catalase Gene Expression Level
The Catalase (CAT) gene expression, as one of the
antioxidant factors, was assessed by the real-time (RT)
PCR technique. The cells were exposed to different
concentrations of NPs (40, 80, and 160 µg/mL). After 48
hours, the cells were separated from the bottom of the flask
and centrifuged and prepared for RNA extraction based
on the kit manufacturer’s instructions. The extracted
RNA quality was evaluated by agarose gel electrophoresis.
After cDNA synthesis from the extracted RNA, the RTPCR procedure was performed by the BioRad device
using primers listed in Table 1. After completing the

Genes Primer Sets
F: 5’ TGCACCACCAACTGCTTAGC 3’

R: 5’ GGCATGGACTGTGGTCATGAG 3’

F: 5’ CGTGCTGAATGAGGAACAGA 3’

R: 5’ AGTCAGGGTGGACCTCAGTG 3’

IL-1β

F: 5’ GCTTATTACAGTGGCAATGA 3’

R: 5’ GTGGTCGGAGATTCGTAG 3’

IL-10

F: 5’ TGGAGGACTTTAAGGGTTAC 3’

R: 5’ GATGTCTGGGTCTTGGTT 3’

IL-6

F: 5’ CAAATTCGGTACATCCTC 3’

R: 5’ CTGGCTTGTTCCTCACTA 3’

CAT

Note. GAPDH: Glyceraldehyde-3 phosphate dehydrogenase; CAT: Catalase; IL: Interleukin; PCR: Polymerase chain reaction.
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Ferric Reducing Ability of Plasma Assay
In summary, 300 mmol/L acetate buffer (10 mL) was
mixed by 40 mmol/L hydrochloric acid-soluble TPTZ
(1 mL), followed by adding 20 mmol/L ferric chloride
solution. After bringing the temperature of the solution to
37°C, the OD was measured at a wavelength of 593 nm. A
standard curve was plotted at 593 nm based on the OD
values of the standard concentrations of Fe2SO4, and Ferric
Reducing Ability of Plasma (FRAP) values for NPs were
determined based on the standard curve (36).

Table 1. Primer Sequences in Real-time PCR Process

GAPDH

control
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amplification, a melting temperature curve was drawn to
determine the absence of byproducts. The ΔΔCt formula
was used to study the relative changes in the CAT gene
expression level. The reference gene was the housekeeping
gene of glyceraldehyde-3 phosphate dehydrogenase.
Evaluating the Effect of PLGA-K-NPs on the Gene
Expression of Inflammatory Factors
The expression levels of interleukin (IL)-6 and IL-1β genes
as inflammatory factors and the IL-10 gene as an antiinflammatory factor in A2780 cells were evaluated under
different concentrations (40, 80, and 160 µg/mL) of PLGANPs loaded with the Kombucha extract. The test method
was in accordance with the procedure for the CAT gene
expression, and the sequence of the applied primers is
presented in Table 1.
Statistical Analysis
The data (mean ± standard deviation) were statistically
analyzed using SPSS software (version 22) and ANOVA
LSD tests, and P < 0.05 was the significance level.
Results
Antioxidant Effect of PLGA NPs Loaded With the
Kombucha Extract
Based on the results of FRAP values for different
concentrations of Kombucha extract-loaded PLGA-NPs,
it was found that these NPs have antioxidant activity by
increasing the production of ferrous-TPTZ from ferricTPTZ. The results of the ABTS assay indicated that NPs
have an inhibitory effect on the production of free radicals,
and this inhibitory effect is increased by elevating the
concentration of NPs (P < 0.01, Figure 1A). The results of
measuring the CAT gene expression level revealed that
the expression of this gene increased under the influence
of the NPs, especially at the concentration of 160 µg/mL
(P < 0.01, Figure 1B). Moreover, this effect varied between
different NP concentrations (P < 0.01).
Effect of PLGA NPs Loaded With the Kombucha Extract
on Inflammatory Factors
The expression of IL-6, IL-10, and IL-1β genes was

examined in response to different concentrations of PLGANPs loaded with the Kombucha extract. The results showed
that NPs at the concentration 40 µg/mL could significantly
elevate the anti-inflammatory gene expression of IL-10
cytokine in cancer cells (P < 0.01, Figure 2C). However,
two inflammatory genes of IL-1β and IL-6 (Figures 2A
and 2B) indicated a significant decrease (P < 0.01) in the
presence of all concentrations of tested NPs.
Discussion
Nanotechnology has recently influenced various
dimensions of human life (e.g., medicine), and NPs
have found many applications in medicine and biology
(37). It further has envisioned a promising future for
pharmaceutical and medical industries by improving the
activity, solubility, and biodegradability of pharmaceutical
compounds (38). The importance of materials and methods
used in the production of NPs has led to alterations
in the biological and physicochemical properties of
nanomaterials (39). The process of synthesizing NPs from
biological sources or encapsulating biological compounds
in nanocarriers is a safe, appropriate, and environmentally
friendly method (40). Various chemical and natural anticancer agents have so far been employed to treat ovarian
cancer. In the present study, PLGA-NPs loaded with the
Kombucha extract were employed to examine its anticancer effect on the A2780 cell line by investigating its
antioxidant and anti-inflammatory properties. These NPs
exhibited antioxidant activities in accordance with FRAP
and ABTS assays. In addition, the CAT gene expression
increased in the presence of these NPs in the A2780 cancer
cell line, which complemented the results of two other
tests and represented that altering CAT gene expression
could be one of the antioxidant mechanisms of PLGANPs loaded with the Kombucha extract. The expression
of IL-6 and IL-1β genes reduced in the evaluation of antiinflammatory properties, while that of IL-10 increased
under the influence of NPs.
We have recently reported the preparation and
characterizations of these NPs (34). Moreover, the
anticancer properties of these NPs were shown in the
A2780 cell line using MTT assay (34). The results indicated

Figure 1. Antioxidant Activity of PLGA Nanoparticles Loaded With the Kombucha Extract. Note. PLGA: Poly (lactic-co-glycolic acid); CAT: Catalase; ABTS:
2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid. (A) The ABTS test results indicate the increased inhibitory effect on free radical production by elevating the
concentration of nanoparticles (***P < 0.001). (B) The This image depicts the capacity of nanoparticles to increase CAT gene expression, especially at a concentration
of 160 µg/mL (***P < 0.001).
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Figure 2. Expression Profiles of Three IL Genes. Note. IL: Interleukin. A significant decrease in IL-1β (A) and IL-6 (B) gene expression under the influence of different
concentration of nanoparticles, and an increase in IL-10 (C) expression (*P < 0.05 and **P < 0.01)

that cell survival reduced in cancer cells treated with the
Kombucha loaded PLGA-NP in a dose-dependent manner
(34).
A major approach to cancer treatment is to target the
growth, survival, and migration of cancer cells. The use
of naturally occurring compounds for such purposes
has shown relatively acceptable results. However, low
solubility and biocompatibility are the limitations that have
challenged the widespread use of these compounds (41).
The use of nanotechnology can bypass this bottleneck and
make natural compounds more efficient (33).
Kombucha beverage is produced from aerobically
fermenting a sweetened tea by symbiotic bacterial and
yeast cultures and has beneficial effects on human health
(7). Various beneficial potentials attributed to Kombucha
(e.g., cancer prevention, immunity enhancement,
inflammation decline, and osteoarthritis therapy) are
related to the antioxidant activity of this drink (42), which
is predominantly due to fermentation-derived polyphenols
and the synergistic effects of various tea ingredients (43).
In our research, such properties of Kombucha combined
with the capabilities of PLGA-NPs were examined, and
acceptable results were found regarding its anti-cancer
effects on the A2780 cell line.
The redox homeostasis balance is essential for
maintaining cell survival, metabolism, and growth.
Oxidative stress refers to the imbalance of reactive oxygen
species (ROS) formation and cell capacity to effectively
generate antioxidant responses. In cancer, ROS can be a
factor in angiogenesis, proliferation, resistance to apoptosis,
and genomic instability. Antioxidant compounds
have recently been considered as potential therapeutic
interventions for cancer therapy because of their ability to
eliminate oxidative stress (44). Pandey et al encapsulated
68
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a flavonoid pigment called rutin with PLGA-NPs and
investigated its antioxidant effects on hepatocellular
carcinoma in rats by measuring the serum concentrations
of antioxidant factors such as CAT, superoxide dismutase,
malondialdehyde, and glutathione. The results confirmed
the antioxidant effects of these NPs (45). Similarly, Pereira
et al encapsulated the phenolic extract of the guabiroba
fruit with PLGA-NPs and investigated its antioxidant
effects on the HT-19 adenocarcinoma cell line (46).
They found that NPs loaded with the guabiroba extract
significantly reduced ROS production in cancer cells (46).
Likewise, Aldawsari et al reported the antioxidant effects
of resveratrol encapsulated in chitosan-coated PLGA-NPs
in the H1299 lung carcinoma cell line (47). In their study,
Shabestarian et al encapsulated Peganum harmala smoke
extract in PLGA-NPs (48). Using ABTS, DPPH, and FRAP
methods, they showed that these synthesized NPs had
antioxidant effects (48). In other studies, the PLGA-NPs
were employed to encapsulate and enhance the antioxidant
properties of natural compounds (49,50). The results
confirmed the antioxidant properties of these NPs, which
is in line with the findings of the present experiments. Our
results demonstrated that the PLGA-NPs could exert their
antioxidant effects by increasing the reduction of Fe3+,
inhibiting the free radical formation, and increasing the
CAT gene expression.
Another factor tested in our research was the antiinflammatory activity of PLGA-NPs loaded with the
Kombucha extract. ILs are a large family of cytokines that
can be synthesized by many cells. The biological response
of these molecules is enhanced by binding to specific
receptors on the surface of target cells. Several ILs, especially
those capable of regulating the growth of deformed cells,
have been considered in the treatment of diseases such as

Anti-inflammatory properties of PLGA nanoparticles

some cancers (51). IL-6 is a chronic inflammatory factor
that causes cancer cell survival, resistance, invasion, and
metastasis (52). IL-1β is also a tumor-promoting factor,
whose increased expression has been reported in many
tumors (53,54). According to our findings, the Kombucha
extract-loaded PLGA-NPs can prevent tumor progression
by significantly reducing the gene expression of IL-1β
and IL-6. Pandey et al investigated the anti-inflammatory
activity of rutin-loaded PLGA-NPs and demonstrated the
reduced concentrations of tumor necrosis factor alpha,
IL-1β, and IL-6 (45). IL-10 as an anti-inflammatory
cytokine is capable of stimulating the immunity of the
body. The stimulation of the immune system prevents
cancer cell invasion (55). Considering that PLGA-NPs
loaded with the Kombucha extract increase the expression
of this cytokine, it can be concluded that increasing the
expression of IL-10 is one of the anti-cancer mechanisms
of these NPs. Although the findings of this study revealed
some mechanisms for the anti-cancer properties of PLGANPs loaded with Kombucha, there were some limitations.
First, we did not examine the antioxidant effects of these
NPs in the studied cells. In addition, the cytokines level
was not measured, and other antioxidant enzymes such as
glutathione peroxidase were not tested in this study.
Conclusion
Our results revealed that this anti-cancer effect can be
exerted through various mechanisms. Increased Fe3+
reduction, inhibited free radical production, increased
CAT gene expression, decreased gene expression of IL-6
and IL-1β, and increased IL-10 gene expression can be
possible mechanisms that are involved in the antioxidant
and anti-inflammatory effects of these NPs. Therefore,
PLGA-NPs loaded with the Kombucha extract can be
further investigated as potential anti-ovarian cancer agents
in future studies.
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