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Abstract

Background: Recently, Chrysin, as a flavone, has revealed cancer chemo-preventive activity. The present experiment utilized the
PLGA-PEG-chrysin complex, and free chrysin, to evaluation of the expression of miR-22, miR-34a and miR-126 in human gastric cell
line.
Objectives: The purpose of this study was to examine whether nano encapsulating chrysin improves the anti-cancer effect of free
chrysin on AGS human gastric cell line.
Methods: Properties of the chrysin encapsulated in PLGA-PEG nanoparticles were investigated by SEM, H NMR, and FTIR. The assess-
ment of cytotoxicity on the growth of the human gastric cell line was carried out through MTT assay. After treating the cells with
a prearranged amount of pure and encapsulated chrysin, RNA was extracted and the expressions of miR-22, miR-34a and miR-126
were measured by using real-time PCR.
Results: With regard to the amount of the chrysin loaded in PLGA-PEG nanoparticles, IC50 value was significantly decreased in
nanocapsulatedchrysin, in comparison with free chrysin. This finding has been proved through the further increase of miR-22,
miR-34a and miR-126 gene expression of nanocapsulatedchrysin, in comparison with free chrysin.
Conclusions: In this study, we revealed that the PLGA-PEG-chrysin is more effective than free chrysin in inhibiting the growth of
human gastric cell line.
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1. Background

Gastric cancer is a major cause of cancer death in Asia
and one of the most important causes of cancer-related
deaths worldwide (1). Routine protocols are surgery and
chemotherapy for gastric cancer treatment. Unfortu-
nately, therapeutic effects of these drugs are not good
enough and chemotherapeutic agents have many side ef-
fects (2). Recently, many scientists have focused on natu-
ral agents that might have therapeutic or protective effects
against gastric cancer. In traditional and herbal medicine,
numerous flavonoids have been studied to inhibit the de-
velopment and progress of cancer (3).

Flavonoids are a wide-ranging class of plant pigments
that are universally existing in fruit- and vegetable-based
foods (4). Flavonoids have been recognized as the main
constituent of the human diet which is easily ingested. Ex-
cess of 4,000 types of biologically active flavonoids have

been recognized and they can be divided into flavones,
flavonols, flavanones, anthocyanidins, and isoflavonoid
subclasses (5, 6). One of the naturally wide distributed
flavone is Chrysin (5, 7-dihydroxyflavone) which is found
in some plants such as passion flowers Passifloracaerulea,
Passifloraincarnata, and in Oroxylumindicum. It is, more-
over, found in chamomile, Pleurotusostreatus, and honey-
comb (7, 8).

It has been proved that chrysin possess anti-
inflammatory and anti-oxidant effects, and cancer
chemo-preventive activity through induction of apop-
tosis process in various human and rat cell lines. However,
reports of the results of chrysin effectiveness on human
cancers remain scarce (9, 10).

The low water solubility of chrysin limits their bioavail-
ability and biomedical applications. To overcome this
problem, various approaches can be used (11, 12). The use
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of nanoparticles is one of the ways to achieve this goal (13,
14).

One of the most exciting delivery services for trans-
ferring different anticancer therapeutic agents are the
nanoparticles which are self-assembled from amphiphilic
polymers (15, 16). The polymeric nanoparticles form
the core-shell organization by self-assembly in aqueous
medium. The hydrophobic core (inner layer) holds the an-
ticancer drugs and the hydrophilic shell (the outer layer)
stabilizes the nanoparticles. The drug-loaded polymeric
nanoparticles have improved pharmacological structures
for the accumulation in tumor tissue or cells because of the
improved retention (EPR) effect and penetrability, which
can improve drug tolerance and reduce adverse effects (17,
18).

Poly (lactic-co-glycolic acid) (PLGA) is one of biodegrad-
able polymer nanoparticles approved by FDA because of
its hydrolyzation to natural monomeric metabolites, gly-
colic acid and lactic acid (19-21). So, the encapsulation of
anticancer drugs such as chrysin in biodegradable PLGA
nanoparticles may offer many advantages over other deliv-
ery system.

MicroRNAs (miRNA) with 20 to 23 nucleotides length
are endogenous small noncoding RNAs that are involved
in control of gene expression posttranscriptional and play
important roles in carcinogenesis and human gastric can-
cer progress (22).

2. Objectives

This study investigates the anti-proliferative effects of
chrysin and compares them with PLGA-PEG-chrysin com-
plex on cancer related micro RNA expression, including
miR-22, miR-34a, and miR-126.

3. Methods

3.1. Chemical and Reagents

RPMI 1640, fetal bovine serum (FBS), Trypsin- EDTA
and antibiotics were purchased from Invitrogen (Ger-
many). PLGA-PEG, 3- (4, 5-Dimethylthiazol-2-yl)-2, 5-
diphenyltetrazolium bromide (MTT), and chrysin were
purchased from Sigma (USA). Syber green real time PCR
master mix kit was purchased from Exiqon (Denmark).
Dimethyl sulphoxide (DMSO), Stannous octoate (Sn (Oct)
2: stannous 2-ethylhexanoate), D, L-lactide and glycolide
and polyethylene glycol (PEG) were purchased from Sigma
(St Louis, USA).

3.2. Cell Culture and Cell Line
AGS human gastric cell line was provided by Pasteur in-

stitute cell bank of Iran. AGS human gastric cell line were
cultured in RPMI 1640 complemented with 0.08 mg/mL
streptomycin, 0.05 mg/mL penicillin G, 2 mg/mL sodium
bicarbonate, 10% heat-inactivated fetal bovine serum (FBS),
and cells were grown at 37°C in an incubator with 55% hu-
midity and 5% CO2.

3.3. Synthesis of PLGA-PEG
PLGA-PEG was prepared through ring open polymer-

ization of glycolide and DL lactide followed by addition of
PEG under vaccume. PLGA and PEG were co-polymerized in
presence of stannous octoate as the catalyst. Under a ni-
trogen atmosphere, DL-lactide (2.882g), glycolide (0.570 g)
and PEG6000 1.54 g (45% w/w) were melted in bottleneck
flask in 140 Celsius degrees. Reaction mixture comprising
a 1; 3 proportion of glycolide to DL-lactide and 0.05% (w/w)
stannous octoate was obtained and heated up to 180°C and
sustained for 4 hours.

3.4. Preparation of Chrysin-Loaded PLGA-PEG
Chrysin were encapsulated in PLGA-PEG nanoparticle

by using w/o/w technique. Briefly, PLGA-PEG (200 mg) and
pure chrysin (20 mg) were dissolved in dichloromethane
(DCM) and sonicated for 1 minute to allow chrysin to be en-
trapped within the nanoparticle network (the w/o primary
mixture). Polyvinyl alcohol (PVA) and DMSO 1% (1: 1) were
added to w/o emulsion then sonicated for 1 minute to pro-
duce w/o/w emulsion. Then, dichloromethane was evap-
orated using a rotary evaporator and the remaining solu-
tion was centrifuged at 10000 rpm for 30 minutes.

The supernatant was isolated and compared with the
total amount of chrysin to determine the chrysin load-
ing efficiency of the nanoparticles. The amount of non-
entrapped chrysin in aqueous phase was determined us-
ing an ultraviolet 2550 (lambda max 348 nm) spectropho-
tometer (Shi-madzu). The percent of chrysin encapsulated
on the nanoparticles (EE) (Equation 1) and drug loading
(DL) (Equation 2) was measured using the following for-
mula:

(1)EE =
Weight of CHRYSIN inNP

Weight of the initial drug
× 100

(2)DL =
Weight of CHRYSIN inNPs

Weight of NPs
× 100

This procedure permits the analysis of a chrysin solu-
tion with the removal of most interfering substances.

SEM was applied as determination of size and shape
of chrysin and chrysin-PLGA-PEG nanoparticles. The FTIR
spectrum was achieved from a neat film cast of the chloro-
form copolymer solution between KBr tablets. The 1H NMR
spectra were traced in CDCI3 (23, 24).
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3.5. Cell Viability and MTT-Based Cytotoxicity Assay

After culturing a sufficient amount of cells (exponen-
tial phase of growth), the cytotoxic effects of pure and
PLGA-PEG-loaded chrysin on AGS cell line were studied us-
ing 24-hour, 48-hour, and 72-hour MTT assays. In brief,
10000 cells/well were cultivated in a 96-well plate (Nunc,
Denmark) and kept for 24 hours in the incubator at 37°C
in a humidified atmosphere including 5% CO2 to promote
cell attachment. Then, the cells were treated with serial
concentrations of pure and PLGA-PEG-loaded Chrysin (0 -
160 µM) for 24, 48, and 72 hours in triplicate manner. As
a control, cells received 200 µL culture medium contain-
ing 10% dimethyl sulfoxide. After this exposure time, the
old medium in all wells of the 96-well plate was replaced
with 200 µL fresh medium and the cells were held for 24
hours in an incubator at 37°C. The medium in all the wells
was then eliminated carefully, and 50 µL of 2 mg/mL MTT
dissolved in phosphate-buffered solution (PBS) was added
to each well. The plate was covered with aluminum foil and
incubated for 4 hours in an incubator at 37°C. Then, 200µL
of pure DMSO and 25 µL of Sorensen’s glycine buffer was
added to the all wells after slowly eliminating the contents
of the wells. Next, the absorbance of each well was read and
record at 570 nm using an EL X 800 microplate absorbance
reader (Bio Tek Instruments, Winooski, VT) with a reference
wavelength of 630 nm.

3.6. RNA Extraction, cDNA Synthesis and Real Time PCR

Expression of miR-22, mir-34a and mir-126 were as-
sessed by qRT-PCR. Triplicate assays were performed for
each RNA sample. AGS human gastric cell line were treated
with different concentrations of PLGA-PEG-Chrysin and
pure chrysin (25, 35, 55 and 70 µM) for 24 hours in order
to extract RNA. Total RNA was isolated using Exiqon miR-
CURY RNA isolation kit (Exiqon, Denmark) according to the
manufacturer instructions. A spectrophotometer was ap-
plied to ensure the purity of the extracted RNA, and it was
measured at a wavelength of 260 - 280 nm. CDNA synthe-
sis was done according to LNA universal RT miRNA PCR kit
(Exiqon, Denmark). CDNA was amplified with particular
primers of the miR-22, miR-34a and miR-126 genes and the
internal control gene (miR-16). SyberGreen qPCR Mix pur-
chased from Exiqon (denmark) and used for real time PCR.
Real time PCR was done using Corbett 6000. Mir-16 was
used as the endogenous control miRNA.

3.7. Statistical Analysis

Statistical analysis was performed using Graph-
Pad.Prism.6.01 and the ANOVA test (by one-way analysis of
variance) to measure statistical differences among groups.
Data with P-value smaller than 0.05 were considered to be
statistically significant.

4. Results

4.1. 1H NMR Spectrum of PEG-PLGA Copolymer

1H NMR spectra confirmed the basic chemical struc-
ture of the PEG-PLGA copolymer. The chemical shifts were
measured in ppm using tetramethylsilane (TMS) as an in-
ternal reference. One of the striking features is a large
peak at 3.7 ppm, corresponding to the methylene groups of
the PEG. Overlapping bands at 1.6 ppm are assigned to the
methyl groups of the repeating units of L-lactic acid and D-
lactic acid. The multiple peaks at 4.8 and 5.3 ppm assigned
to the glycolic acid CH and the lactic acid CH respectively
(Figure 1).

ppm (t1)
5.00         4.50      4.00        3.50       3.00       2.50        2.00        1.50

c

b a
a a

c cb

O

O O

CH CHO O OHHH C C
m n m

CH3CH3

CH2CH2

Figure 1. 1H NMR Spectrum of PEG-PLGA co-Polymer

4.2. FT-IR Spectroscopy

The FT-IR spectrum is in harmony with the structure
of the anticipated copolymer. FT-IR spectroscopy was pre-
pared to illustrate the structure of PLGA-PEG copolymer
nanoparticles with chrysin. As shown in Figure 2B, the
absorption band at 3000 - 2840 cm-1 and 3509.9 cm-1 are
due to C-H stretch of CH and the terminal hydroxyl groups
in the copolymer (respectively). The bands at 1300-1090
cm-1 are assigned to interaction between C-C and C-O. Some
chemical shifts accrued in FT-IR spectra after encapsula-
tion. As shown in Figure 2, the bands at 1085 - 1150 cm-1 are
assigned to either of PEG. The bands at 1090 - 1300 cm-1 are
due to interaction between C-O and C-C. The bands at 2840
- 3000 cm-1 are due to C-H stretch of CH.

All the 1H-NMR and FT-IR results indicated that the
PLGA-PEG copolymer formed successfully and chrysin
loaded into PLGA-PEG.

Iran J Cancer Prev. 2016; 9(4):e4190. 3

http://ijcancerprevention.com


Mohammadian F et al.

Wavenumber cm-1

3500            3000            2500            2000            1500              1000             500

Wavenumber cm-1

3500             3000            2500             2000             1500              1000             500

Tr
an

sm
it

ta
n

ce
, %

Tr
an

sm
it

ta
n

ce
, %

100

90

80

70

60

50

40

30

100

90

80

70

60

50

40

A

B

CH

C =O

C-C
C-O
C-O-C

C-C
C-O
C-O-C

C-H

OH

C = O

Figure 2. A, IR spectrum of pure chrysin; B, FT-IR plot of chrysin loaded PLGA-PEG

4.3. Size and Size Distribution (Scanning Election Microscopy)

In order to investigate the physicochemical character-
ization of nanoparticles, the nanoparticles were observed
by scanning electron microscopy (SEM) (Figure 3). It was
observed from these micrographs that the nanoparticles
of PLGA-PEG were spherical in shape and uniform, with
the size ranging from 15 - 60 nm (Figure 3A). The photo-
graph shows that after encapsulation and the formation of
chrysin-loaded PLGA-PEG copolymers, the size of the parti-
cles was changed, and ranged between 20 - 75 nm, and the
dispersion of particles was greatly improved (Figure 3B).

4.4. Entrapment Efficiency (EE) and Drug Loading (DL)

According to Equation 1 Encapsulation efficiency (EE)
and drug loading (DL) of chrysin in PLGA-PEG was 94.6%
and 16.19%, respectively.

4.5. In Vitro Cytotoxicity Study (MTT Assay)

In the cytotoxicity assay, AGS cell lines were treated
with free chrysin and increasing concentration of PLGA-
PEG-chrysin (0 - 160 µM) for 24, 48 and 72 hours. Then,
the value of inhibitory concentration 50 (IC50) was calcu-
lated for each case. Significant differences in the growth
pattern were found between control and cells treated with
free chrysin or PLGA-PEG-chrysin. The IC50 value of free
chrysin was 68.24 µM for 24 hours, 56.16 µM for 48 hours
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Figure 3. Chrysin and Nano Chrysin in Scanning Electron Microscopy Micrograph

A, The size of PLGA-PEG and; b, drug loaded in PLGA-PEG nanoparticle.

and 42.32 µM for 72 hours. The IC50 value of PLGA-PEG-
chrysin was 58.24 µM for 24 hours, 44.21 µM for 48 hours
and 36.8 µM for 72 hours (Figure 4).

4.6. Expression Level of miR-22, miR-34a and miR-126

Quantitative gene expression for miR-22, miR-34a and
miR-126 was examined by real-time PCR assay in the AGS
cell lines after treatment with free chrysin and PLGA-PEG-
chrysin, and compared with controls. The relative levels
of microRNA gene expression were calculated through the
∆∆CT method. With regard to the data analysis shown in
Figure 5, free and encapsulated chrysin, with a concentra-
tion of (25, 35, 55 and 70µM) after 24 hours, showed signifi-
cantly increased gene expression. Whereas chrysin loaded
in PLGA-PEG nanoparticle in same concentration increased
further relative mRNA expression of miR-22, miR-34a and
miR-126 (Figure 5A - 5C).

5. Discussion

The mortality associated with Human gastric cancer is
still a major problem worldwide (25). However, conven-
tional treatment strategies for gastric cancer are not yet ad-
equate.

The objective of the present study was to evaluate
the effect of chrysin-PLGA-PEG on general miRNAs (miR-22,
miR-34a and miR-126) expression for gastric cancer in AGS
cell line.

Recently, studies have shown that a change of miRNA
expression (increase or decrease) contributes to the initi-
ation and progression of cancer. It has been shown that
more than 50% of miRNAs are located in fragile sites or in

cancer associated genomic regions (26). The relationship
between tumors and miRNA has at this time become the
heart of cancer studies.

Although various methods such as chemotherapy,
gene therapy and hormone therapy are studied and used
for treating cancer (27), the most recently popular method
is the use of polymer nanoparticles for the delivery of anti-
cancer drugs to cancer tissue. This is more efficient than
using free drugs, and owing to the use of low dose of drug,
the toxicity is decreased.

The data obtained from MTT analysis indicates that
IC50 of free chrysin and PLGA-PEG encapsulated chrysin
in the AGS cell line is both dose dependent and time-
dependent but the result improves with nanocapsulation
form of chrysin.

MiRNAs can be classified as tumor suppressors or as
oncogenes by targeting different transcripts. Mir-22, mir-
34a and mir-126 play as tumor suppressors in gastric cancer
and down-regulated in gastric cancer tissue (28).

Guo et al. showed that SP1 was one of the target genes
for miR-22. SP1 is recognized as a transcriptional factor for
various genes regulated cellular process and also partici-
pates in cancer progression and development (Sp1 and the
‘hallmarks of cancer’). In this study we found that chrysin
increase miR-22 expression level and it can be concluded
that chrysin can inhibit gastric cancer cell migration and
invasion through the SP1 pathway (29).

Down regulation of mir-34a inhibits apoptosis in gas-
tric cancer and it is proved that miR-34 is involved the P53
tumor suppressor network. Chrysin increased miR-34 ex-
pression in our study. Restoration of miR-34 activity may
be useful to prevent chemoresistance an able to reestablish
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Figure 4. Comparison of Cytotoxic Effects for Different Concentration of Pure and Nano Chrysin for 24, 48 and 72 Hours
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the tumor suppressing signaling pathway (30).

MiR-126 functions as a tumor suppressor in gastric can-
cer. MiR-126 down regulates in this cancer and targets
Crk. Crk plays an important role in cancer development
and metastasis. Our results show that chrysin elevates the
amount of miR-126 in AGS cell line (31).

The assessment of miR-22, miR-34a and miR-126 gene
expression by real time PCR showed that miRNAs expres-
sion increased on exposure to both free chrysin and PLGA-

PEG encapsulated chrysin, whereas nancapsulated form of
chrysin increased expression of miRNAs more than pure
chrysin.

This study showed that chrysin has a significant in-
hibitory effect on the growth of AGS human gastric cell
line. Using polymer nanoparticles, the dose of chrysin ad-
ministered could be reduced, without reducing its ther-
apeutic efficiency and effect. Therefore, PLGA-PEG encap-
sulated chrysin preserved its full function. In addition,
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Figure 5. (A), (B) and (C) Shows Comparison Between Effect of Chrysin and Nano-Chrysin on mir-22, mir-34a and mir-126 Expression Respectively
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Result shows that nanocapsulated form of chrysin are more effective to increase the expression level of micro RNAs. Data are presented as mean±SEM from three independent
experiments, (*P < 0.05, **P < 0.01).

chrysin may be useful for increasing restoration of tumor
suppressor miRNA expression levels.
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