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ABSTRACT

Introduction: Cancer nano-drug drug delivery system is important as it can improve drug bioavailability and reduce
dosing frequency. Polymeric micelles (PMs) can reach targeted site and most likely will be useful in reducing side
effects of treatment. This study aimed to synthesize naringenin- and gallic acid-loaded polymeric micelles for cancer
drug delivery and to determine their physicochemical properties including particle size, polydispersity index (PDI)
and structural composition. Methods: Two types of PMs (naringenin [NAR] and gallic acid [GA]) were prepared in
different proportions of polyethylene glycol (PEG) and D-a-tocopheryl polyethylene glycol 1000 succinate (TPGS)
via solvent casting method. These PMs were visually observed and further analyzed by dynamic light scaterring (DLS)
and fourier-transform infrared spectroscopy (FTIR) techniques. Results: From this study, NAR-PEG-TPGS PMs showed
particle size less than 30 nm whereas GA-PEG-TPGS PMs exhibited larger particle size between 171-205 nm. NAR2
PM that contain higher amount of TPGS were observed to have smaller particle size whereas GA2 PM with higher
TPGS content exhibited larger particle size. PDI values for these drug-loaded PMs were between 0.32-0.74. FTIR re-
sults confirmed the presence of O-H and C=O stretching vibrations in all PM samples. Conclusion: NAR-PEG-TPGS
PMs had shown more relevant physicochemical properties than GA-PEG-TPGS PMs for cancer nano-drug delivery.
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INTRODUCTION

Listed as the second common causes of mortality,
cancer has resulted in a large number of deaths each
year (1). Cancer can be caused by changes in the genes
that control the way cell functioning. These result
in uncontrolled cell growths forming tumor that can
metastasize to different areas of the body and may require
chemotherapy as one of the treatment options. Due to the
undesirable side effects of conventional chemotherapy,
nano-drug delivery systems are extensively studied
in order to enhance drug efficacy and/or reduce drug
toxicity (2,3). In fact, nanoparticles has getting much
attention these days for use in drug delivery as drug
nanocarriers, mainly due to their smaller particle size
which is commonly less than 100 nm but can as well
be up to several hundred nanometers in size (3,4).
Various types of nanoparticles are available including

polymeric micelles, liposomes, niosomes, magnetic
nanoparticles, solid lipid nanoparticles, dendrimers,
carbon nanoparticles, nanosheets and so forth (3-5).
Utilization of nanoparticles in cancer drug delivery
gives advantages such as lower treatment dose, specific
targeting of drug towards tumor site and minimize
adverse side effects to the patients (2,3,6). Interestingly,
smaller nanoparticles (< 150 nm) may be able to escape
clearance by the reticuloendothelial system (RES) than
larger-sized particles (7,8). However, it is suggested
that the nanoparticles must be large enough (up to 100
nm) to prevent rapid leakage of drug nanoparticles into
blood capillaries (7). Also, particles smaller than 10 nm
are subjected to renal filtration and are not reabsorbed
(8), thus highlighting the importance of optimal size of
drug carriers for nano-drug delivery.

Polymeric micelles (PMs) are nanostructures which
consist of a hydrophobic core and a hydrophilic shell.
This core-shell structure is formed via self-assembly of
co-polymer used (9). The hydrophobic core of PMs is
able to entrap the poorly water soluble drugs whereas
its hydrophilic shell provides protection from external
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environment (9). Drug encapsulation within micelles
core can be achieved through electrostatic, physical or
chemical interactions (5). Different types of co-polymer
such as poly(ethylene glycol) (PEG), poly(e-caprolactone)
(PCL), and D-a-tocopheryl polyethylene glycol 1000
succinate (TPGS) have been studied in the formulation
of cancer drug-loaded PMs (10,11). It is noteworthy
that PMs are able to enhance drug bioavalability and
biodistribution (9).

Naringenin (NAR) is a flavonoid under the class flavanone
and can be found mostly in citrus fruits (12). Gallic
acid (GA) on the other hand, is a phenolic acid. Both
NAR and GA are polyphenols that have been known to
exert various biological properties such as antioxidant,
anti-inflammatory, anticancer and cardioprotective
(12-17). The anticancer activity of NAR and GA was
attributed to their capacity to induce cytotoxicity and
apoptosis (15,17). Very limited number of study on
NAR PMs has been conducted (18), but nano-drug
delivery of NAR has often been studied in the form of
nanoparticles (NPs) such as NAR-loaded chitosan NPs
(19) and NAR-loaded gelatin-coated PCL NPs (20).
GA has been co-delivered with cancer chemotherapy
drug Doxorubicin using polyethylene glycol-distearoy!
phosphoethanolamine (PEG-DSPE), lecithin and PCL
to form lipid-polymer hybrid nanoparticles (21) while
gum Arabic has been used to synthesize GA NPs (22).
However, the physicochemical properties of NAR or
GA in combination with TPGS and PEG in the form of
polymeric micelles are still unknown. The presence of
TPGS is expected to enhance nanocarrier stability and
act as P-glycoprotein inhibitors whereas the PEG helps
prolong drug circulation in the plasma (11,23). Thus,
this study was conducted to synthesize the NAR and
GA PMs using TPGS and PEG and characterize some
of their physicochemical properties for potential use as
new cancer nano-drug delivery systems.

MATERIALS AND METHODS

Materials

Naringenin (MW = 272.3, purity >98%), gallic acid
(MW = 188.13, purity 298%), PEG, TPGS, phosphate-
buffered saline (PBS) and chloroform were purchased
from Sigma-Aldrich.

Synthesis of polymeric micelles

NAR-PEG-TPGS PMs and GA-PEG-TPGS PMs
were prepared according to Muthu et al. (10) with
modifications. All  PM samples were synthesized
following the formulations provided in Table I. Variations
were made in order to identify the compositions that
provide ideal physicochemical properties for used as
cancer nano-drug delivery systems. NAR or GA, PEG
and TPGS were dissolved in 3 mL of chloroform. The
chloroform was then evaporated by immersing the
mixture in a 40 °C water bath. Fifteen mL of 0.1 M PBS
pH 7.4 was added to the resulting thin layer of drug-

Table I: Formulations of polymeric micelles.

PM samples Ratio NAR/GA  PEG TPGS

PEG:T- (mg) (mg) (mg)
PGS

Blank PEG-TPGS (B1) 1:1 - 50 50

Blank PEG-TPGS (B2) 1:2 - 50 100

NAR-PEG-TPGS 1:1 2.5 50 50

(NART)

NAR-PEG-TPGS 1:2 2.5 50 100

(NAR2)

GA-PEG-TPGS (GAT) 1:1 2.5 50 50

GA-PEG-TPGS (GA2) 1:2 2.5 50 100

B = blank, GA = gallic acid; NAR = naringenin; PEG = poly(ethylene glycol); TPGS = D-g-to-
copheryl polyethylene glycol succinate.

dispersed PEG-TPGS and this mixture was incubated
at 37 °C for 48 hours. The final solution of PMs was
then filtered using 0.2 pm syringe filter to remove non-
incorporated drug. All PM samples were stored at 4 °C
until further use.

Visual observation of polymeric micelles

All PMs were observed visually using naked eye for any
colour changes after 24 hours of synthesis and upon
storage for 10 days at 4 °C.

Physicochemical analyses of polymeric micelles
Particle size and PDI of all PMs were measured using
a Zetasizer Nano ZSP (Malvern Instruments, UK). All
samples were analyzed in triplicates and mean values
were calculated. The functional groups and bonds of
each PMs were determined using a FTIR spectrometer in
the region of 400 to 4000 cm™.

RESULTS

Visual observation of polymeric micelles

From the visual observation using unaided eye, blank
B1 and B2 PMs as well as NAR-loaded PMs NAR1 and
NAR2 were light brown in colour and transparent after
24 hours of synthesis. These PMs’ colours remained the
same after 10 days of storage. However, colour changes
were observed for GA-loaded PMs GA1 and GA2 from
colorless after 24 hours of synthesis to dark green colour
upon storage for 10 days. Fig. 1 depicts the colour
appearance of several PM samples.

Particle size and polydispersity index

Particle size and polydispersity index (PDI) of all PM
samples were shown in Table Il. GA-PEG-TPGS PMs
showed larger particle size (> 100 nm) than the NAR-
PEG-TPGS PMs. The lowest PDI was seen in B1 sample
whereas the highest was shown by NART sample.

Structural composition of polymeric micelles

FTIR results of NAR-PEG-TPGS PMs and GA-PEG-TPGS
PMs were presented in Fig. 2 and Fig. 3, respectively.
No clear peak differences were seen between blank
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Figure 1: Colour appearance of PM samples: (a) B1, (b) NART,
(c) NAR2 and (d) GA1 after storage for 10 days

Table II: Particle size and polydispersity index of polymeric micelles

PM samples  Ratio PEG:T-  Particle size (d.nm)  PDI

PGS (mean = SD) (mean = SD)
B1 1:1 15.86 = 0.45 0.29 +£0.02
B2 1:2 27.76 £ 0.09 0.69 £ 0.00
NART 1:1 28.84 £0.16 0.74 £ 0.01
NAR2 1:2 17.70 £ 0.20 0.32 £ 0.00
GA1 1:1 171.23 +1.84 0.66 £ 0.00
GA2 1:2 204.80 + 2.48 0.48 +0.04

B = blank, NAR = Naringenin; GA = Gallic acid; PDI = polydispersity index, PEG = Poly(eth-
ylene glycol); TPGS = D-g-Tocopheryl polyethylene glycol succinate, SD = standard devia-
tion.

PMs and NAR-PEG-TPGS PMs (Fig. 2). The FTIR spectra
displayed a strong absorptionband at 3321 cm™ and 1634
cm’, referring to O-H and C=0 stretching, respectively.
In comparison, both GAT and GA2 samples showed a
peak at 1016 cm™ which was absent in blank B1 and
B2 samples (Fig. 3). This peak refers to C-O stretching
vibration of gallic acid.

DISCUSSION

The results of visual observation suggested that
oxidation of GA could have taken place following
storage of GA-PEG-TPGS PMs. Earlier study reported
similar observations where their GA solutions at pH
7.2 changed colour from almost colourless with a slight
yellow tint (t=0) to green and brown after 1 and 30 days
of storage at 23 °C, respectively (24). The oxidation of
GA as observed from the colour changes could indicate
that GA has been degraded to form its oxidation products
(25).

The particle sizes of NAR-PEG-TPGS PMs seen in
this study were smaller than reported studies of NAR-
loaded in zeolite imidazole framework (ZIF) PMs which
showed average particle size of 203.5 = 0.85 nm (18).
On the other hand, particle sizes of GA-PEG-TPGS PMs
observed in this study were within the range of 33 to
250 nm reported for GA-loaded in arabic gum NPs (22).
For cancer drug delivery systems, smaller nanoparticles
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Figure 2: FTIR spectra of NAR-PEG-TPGS PM and blank sam-
ples: (@) NAR2, (b) NART1, (c) B2 and (d) B1
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Figure 3: FTIR spectra of GA-PEG-TPGS PM and blank sam-
ples: (a) GA2, (b) GAT1, (c) B2 and (d) B1.

between 10-100 nm are desirable to avoid renal
filtration and clearance by fixed macrophages found
in the RES (8). Surprisingly, complement activation can
also be triggered by nanoparticles with diameter greater
than 200 nm, resulting in rapid removal of these large-
sized molecules from the bloodstream via different
uptake routes such as caveolin- or clathrin-mediated
endocytosis (26,27). Particles with size between 250 nm
to 3um are subjected to uptake via phagocytosis (26).
However, the presence of PEG in the hydrophilic shell
gives advantages to the polymeric micelle. Specifically,
hydrophilicity and flexibility of PEG reduce nonspecific
interactions with protein and opsonisation which may
promote micelle clearance by RES (28).

It can be observed from Table 2 that increasing ratio of
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PEG:TPGS from 1:1 to 1:2 increased the particle size
of blank PMs and GA-PEG-TPGS PMs. These findings
were in agreement with an earlier study by Md et al.
(19). Addition of more TPGS resulted in higher portion
of hydrophilic moiety of the polymeric micelles
than the hydrophobic moiety and drug. The greater
particle size seen for GA2 as compared to GA1 could
be due to the higher PEG-TPGS chains per volume.
Consequently, interactions between GA and PEG-TPGS
were affected where stronger intermolecular hydrogen
bonding attraction, decreased intermolecular distance
and insufficient electrostatic repulsion resulted in larger
particle size of PMs (19).

However, dissimilar observation was seen for NAR2 PM
which showed smaller particles than blank B2 sample.
Size of micelles in aqueous solution was influenced by
several factors including polymer weight and amount of
drug loaded into the micelles (28). In fact, drug-polymer
interactions in the micelles occur via hydrophobic
interactions, hydrogen bonding and pi-pi interactions
(28). PDI values for all samples exceed 0.3 except for
blank BT PM (Table 2). In the presence of more TPGS as
seen in NAR2 and GA2 PMs, slightly lower PDI values
were obtained. Micelles with PDI values closer to 1 as
shown by B2, NART and GA1 PMs indicated that these
samples had polydisperse distributions (8) whereas B1,
NAR2 and GA2 PMs were moderately polydispersed. On
the contrary, the micelles with smaller PDI values of 0.2
and below are suitable for polymer-based nanoparticle
materials due to their monodisperse distribution (8).

It can be seen that sharp peaks of hydroxyl group and
carbonyl group were found at 3304-3321 cm™ and
1634-1635 cm™, respectively (Fig. 2,3). A previous
study reported that naringenin exhibited absorption
peaks of O-H stretching vibration at 3285 cm™ and
C=0 stretching vibration at 1629 cm™ (29). PEG and
TPGS were shown to exhibit hydroxyl groups at 3417
cm™ and 3452-3454 cm”, respectively (11,30). The
characteristics band for the C=O stretching vibration of
carbonyl group appeared at 1630 cm™' for PEG (30) and
at 1737-1738 cm™ for TPGS (11). Similarly, O-H band
was seen at 3409 cm™ for the gallic acid while C=O
stretching vibration was observed at 1681 cm™ (13).
Additionally, the peak at 1016 cm™ observed in GAT
and GA2 samples refers to C-O stretching vibration of
gallic acid where in an earlier study it was seen at 1026-
1028 cm™ (13,31). Therefore, the FTIR results confirm
the presence of OH and C=0O groups in all PM samples
were contributed by NAR, GA, PEG and TPGS.

CONCLUSION

It can be concluded from this study that NART and NAR2
PMs exhibited desired physicochemical properties as
new drug delivery systems attributed by their smaller
particle sizes than GA1 and GA2 PMs. However, due
to the larger PDI value of NART PM, NAR2 PM is

considered having optimal physicochemical properties
as new drug delivery system. Smaller-sized polymeric
micelles give better biodistribution as these particles can
reach tumor target site through leaky vasculature as well
as can avoid clearance in the systemic circulation.
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