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Abstract
In this work, a new room-temperature ionic liquid 1-hydroxypropyl-3-methylimidazolium acetate ([C3OHmim]Ac) was 

synthesized to dissolve starch and substitute for polar phase to form [C3OHmim]Ac/TX-100+1-butanol/cyclohexane micro-
emulsions. The molecular structure of [C3OHmim]Ac was confirmed by means of 1H nuclear magnetic resonance (1HNMR) and 
electrospray ionization masss pectrometry (ESI–MS). Pseudo-ternary phase diagram, conductivity measurement and dynamic 
light scattering (DLS) were used to analyze the microregion of IL/O micro-emulsion. Starch nanoparticles were prepared in this 
novel IL/O micro-emulsion with octenyl succinic anhydride (OSA) maize starch as the raw material and epichlorohydrin as the 
cross-linker. Fourier transform infrared spectroscopy (FTIR) data demonstrated the formation of crosslinking bonds in starch 
molecules. The spectrum of XRD suggested that the crystal structure of starch was destroyed. Scanning electron microscopy 
(SEM) and dynamic light scattering (DLS) both intuitively revealed that starch nanoparticles had good sphericity, small size and a 
relatively concentrated size distribution with the mean diameter of starch nanoparticles 105 nm.
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Introduction
As one of the most abundant natural materials, starches have their 

own merits like renewable, biodegradable, cost-effective. However, 
when applied to food and ppharmaceutical fields, native starches 
usually need to be modified through physical, chemical, or enzymatic 
methods to overcome some limitations such as low thermal resistance, 
poor processability and solubility [1-4]. Among these starch derivatives, 
cross-linked starch microspheres, have attracted great interests due to 
their high resistance towards swelling, high shear, compression and 
acidic conditions and also have been one of the most investigated drug 
carriers for their biodegradability, biocompatibility, non-toxicity as 
well as high surface area [4-10].

In the last decade, papers have reported the preparation of 
cross-linked starch microspheres relying on solvent evaporation, 
precipitation and spray drying or emulsion-crosslinking techniques. 
Among these methods, water-in-oil (W/O) micro-emulsion has been 
thought as the economic and convenient template for preparing starch 
microsphere. There into Mao et al. reported the preparation of starch 
microspheres with the mean diameter ranging from 30 to 60 μm [11-
14]. Mao et al. estimated the average diameter of the micro-particles 
synthesized by W/O emulsification-cross linking method to be 50 μm 
[14]. However, excessively large size and broad size distribution of 
starch microspheres have always been the problems in the traditional 
W/O emulsion cross-linking technique, which not only increase the 
risk of merging or rupturing of microspheres in tableting, but also limit 
the uniform and sustained release in drug delivery. In this context, 
there is a strong incentive to develop a new strategy for the synthesis of 
starch nano-sized particles with a narrow size-distributed region and 
research their drug delivery properties [10-12].

In recent years, room-temperature ionic liquids (ILs) have 
been considered as possible green and effective replacements for 
polar phase, non-polar phase or surfactant to prepare ionic liquid 
micro-emulsions, and synthesis of various inorganic particles in IL 
micro-emulsions system have been studied. Nevertheless, due to the 
structural complexity and diversity, the meticulous study on formation 

of starch microspheres using ILs micro-emulsion system have rarely 
been explored, much less for nanoparticles. In the previous reports 
by our group, much progresses in applying ILs into starch chemistry 
have been acquired in terms of dissolution and esterification of 
starch. These works show that ILs containing Cl-1, Ac-1 and NO3

-

1 anions, like 1-butyl-3-methylimidazolium chloride ([Bmim]Cl), 
1-ethyl-3-methylimidazolium acetate ([Emim]Ac) and 1-octyl-3-
methylimidazolium acetate ([Omim]Ac), can dissolve starch by
destroying the crystalline structure and disrupting hydrogen bonding
among hydroxyl groups of polymers effectively. Thereby, it enlightened 
us that the resulting stable and uniform dispersion of starch molecules
in suitable ILs is capable of creating the excellent environment for
the formation of starch nanoparticles. Accordingly, ILs with good
dissolubility to starch is a prerequisite for establishing the starch
nanoparticles [14].

In this work, a new room-temperature ionic liquid 1-hydroxypropyl-
3-methylimidazolium acetate ([C3OHmim]Ac) based on the hydroxy-
functionalized imidazolium cation was tailor-made, which was the
first reported by us to dissolve starch, and its molecular structure was
systematically confirmed by means of 1H nuclear magnetic resonance
(1HNMR) and electrospray ionization mass spectrometry (ESI-MS).
Then the new IL acted as the polar phase, combining surfactant
polyethylene glycol octylphenol ether (TX-100), cosurfactant 1-butanol 
and oil phase cyclohexane, to prepare [C3OHmim]Ac/TX-100+1-
butanol/cyclohexane nonaqueous ionic liquid micro-emulsions.
Different techniques were used to characterize the microstructure
of micro-emulsions, including pseudo-ternary phase diagram,
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conductivity measurement and dynamic light scattering (DLS). Starch 
nanoparticles were prepared in this novel IL/O micro-emulsion with 
OSA maize starch as the raw material, epichlorohydrin as the cross-
linker and characterized by Fourier transform infrared spectroscopy 
(FTIR), X-ray diffraction (XRD), scanning electron microscopy (SEM) 
and DLS. Finally, drug loading and releasing properties of starch 
nanoparticles were investigated with indomathacin as a drug model 
[15,16].

Material and Methods
Materials

1-Methylimidazole, 1-Chloro-3-hydroxypropane was purchased 
from Aladdin Chemical Reagent Company (Shanghai, China). Native 
maize starch was obtained from ChangChun DaCheng Maize Products 
Co. (Changchun, China). TX-100 was obtained from Sinoparm 
Chemical Reagent Co., Ltd (Shanghai, China). OSA was purchased 
from Gutian Chemical Engineering Co., Ltd (Nanjing, China). All 
other chemicals were of analytical grade [17].

Synthesis of ionic liquid [C3OHmim]Ac

[C3OHmim]Ac was prepared in two steps (Figure 1). 
1-methylimidazole (0.5 mol) and 1-Chloro-3-hydroxypropane (0.6 
mol) were added in three-neck round flask with a reflux condenser 
for 12 h at 70°C with stirring under nitrogen. The reaction solution 
was cooled to room temperature and washed with ethyl acetate for 
three times. The bottom phase was collected, heated at 70°C for 12 h 
to get intermediate 1-hydroxypropyl-3-methylimidazolium chloride 
([C3OHmim]Cl). After that, potassium acetate (0.34 mol) and 
[C3OHmim]Cl(0.28 mol) were dissolved in right amount of methanol, 
the mixture was stirred at 25°C for 24 h. After reaction, the solid was 
removed by negative-pressure filtration and methanol was removed 
under vacuum. The residue was washed with diethyl ether to remove 
the unreacted potassium acetate under reduced pressure. The product 
were heated at 50°C for 24 h to get [C3OHmim]Ac with 91% of yield.

The structure of ionic liquid [C3OHmim]Ac was characterized by 
1HNMR and ESI-MS as follows. The 1H-NMR spectra were obtained 
with an Avance III 600 MHz digital NMR spectrometer using DMSO 
as solvent. The ESI-MS spectrum was obtained under positive ion 
mode by using Electro-spray mass spectrometry [18].

Preparation of ionic liquid micro-emulsions

To prepare [C3OHmim]Ac/TX-100+1-butanol/cyclohexane 
ionic liquid micro-emulsions, certain amount of [C3OHmim]Ac and 
cyclohexane weighted by an analytical balance (d=0.0001 g, FA1104N, 
Shanghai Balance Instrument Co., Shanghai, China) were added in a 

small beaker, then the mixture of surfactant TX-100 and cosurfactant 
1-butanol with the mass ratio at 1 to 1 was added into the solution until 
the turbid solution became homogeneous and transparent.

Pseudo-ternary phase diagram

The phase behavior of [C3OHmim]Ac/TX-100+1-butanol/
cyclohexane micro-emulsions system was determined at 25°C by direct 
observation method. Series of the micro-emulsions were prepared 
by fixing weight ratio of [C3OHmim]Ac/cyclohexane at 9:1, 8:2, 
7:3, 6:4, 5:5, 4:6, 3:7, 2:8, 1:9, and shaken sharply in a vortex mixer. 
After thermal equilibrium, the mixture of surfactant TX-100 and co-
surfactant 1-butanol was added drop by drop until the phase transition 
was observed from turbidity to transparency [19-21].

Conductivity measurement

Conductivity of ionic liquid micro-emulsions were measured by 
means of a conductometer (DDS-307, Shanghai Precision Scientific 
Instrument Co., Shanghai, China) at 1 kHz using a dip-type cell of 
cell constant 0.971 cm-1. TX-100 and 1-butanol were mixed by the 
mass ratio of 1:1, which was used as surfactant. The cyclohexane was 
progressively added into the mixture of surfactant and [C3OHmim]Ac, 
and the conductivity was measured after shaken in a vortex mixer. The 
errors in the conductance measurements were ±0.5%.

Preparation of OSA modified maize starch

Amount of native maize starch (dry weight) was suspended in 
distilled water (35%, w/w) with agitation at 35°C. The pH of the mixture 
was adjusted with a pH controller (Model 501-3400, Barnant Co.) at 
8.5-9.0 by adding 3% NaOH solution. 3% (based on dry starch dry) 
of OSA was added slowly within 2 h while controlling the pH at 8.5-
9.0. After adding OSA, the reaction continued for another 1 h. After 
reaction, the mixture was adjusted to pH 6.5 with 3% HCl solution, and 
then centrifuged and washed twice with distilled water and twice with 
95% (v/v) ethanol. The sample was oven-dried at 40°C for 24 h and 
then passed through a 100-mesh nylon sieve.

Determination of the Degree of Substitution (DS): The DS of OSA 
starch was measured by titration. OSA starch (5 g, dry starch basis) 
was accurately weighted and suspended in 25 mL of 2.5 mol/L HCl-
isopropyl alcohol solution by stirring 30 min. Then 100 mL of 90% 
isopropyl alcohol solution (v/v) was added and stirred for a further 
10 min. The suspension was filtered through a glass filter, then the 
residue was washed with 90% isopropyl alcohol solution until no 
Cl− could be detected by using 0.1 mol/L AgNO3 solution. The starch 
was re-dispersed in 300 mL of distilled water and heated in a boiling 
water bath for 20 min. The starch solution was titrated with 0.1 mol/L 
standard NaOH solution using phenolphthalein as an indicator. A 
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Figure 1: Preparation of ionic liquids [C3OHmim]Ac by two-step method.
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blank was simultaneously titrated with native corn starch as a sample. 
The DS was calculated as follow:

[ ]
0.162 ( ) /

1 0.209 ( ) /
A M WDS

A M W
× ×

=
− × ×

                                     (1)

where A is the titration volume of NaOH solution (mL), M is the 
molarity of NaOH solution, W is the dry weight (g) of the OSA starch. 
According to the calculation, the DS of the modified starch was 0.018 
[22].

Preparation of starch nanoparticles

Starch nanoparticles were produced by [C3OHmim]Ac/TX-
100+1-butanol/cyclohexane ionic liquid micro-emulsions cross-liking 
method with OSA starch as the raw material and epichlorohydrin as 
the cross-linker. Dried OSA starch was dissolved into [C3OHmim]
Ac at a concentration of 2% (w/w) in a three-neck round flask which 
was full of gaseous N2, the mixture was stirred by mechanical agitation 
(JB90-B, Shanghai Standard Model Co., Shanghai, China) at 90°C for 
3 h to prepare the water phase. Then cyclohexane was added into the 
water phase with a mass ratio of 7 to 1, 45% (w/w) of the mixture of TX-
100 and 1-butanol with the mass ratio of 1:1 was added subsequently 
to bulid IL/O micro-emulsion. After stirring for several minutes, 2% 
(w/w) epichlorohydrin was added to the micro-emulsion as a cross-
linker agent. In this stage, the reaction was controlled at the condition 
of 50°C for 3 h. The resulted micro-emulsion was cooled to the room 
temperature, and then starch nanoparticles were precipitated by 
anhydrous ethanol and centrifuged. The residue was washed with 
sufficient anhydrous ethanol to eliminate IL, cyclohexane, TX-100, 
1-butanol and unreacted epichlorohydrin. Finally, the product was 
obtained after dried at 40°C for 24 h. In addition, starch nanoparticles 
with different particle sizes could be obtained through changing the 
reaction conditions such as reaction time, reaction temperature, and 
starch concentration [23-25].

Characterization of starch nanoparticles

The structuralal characteristics of native maize starch, OSA starch 
and starch nanoparticles was evaluated by FTIR spectroscopy. For 
FTIR measurement, the samples were mixed with dried KBr and then 
compressed into thin disk-shaped pellets. The wave numbers of FTIR 
spectra ranged from 400 to 4000 cm-1 with a resolution of 1 cm-1.

X-ray diffraction (XRD) technique was used to analyze the crystal 
structure of native maize starch, OSA starch and starch nanoparticles. 
XRD spectra was obtained on a X-ray diffractometer (D/Max2200, 
Bruke Co., Germany) with Cu Ka radiation (λ=0.154 nm) at 40 kV and 
40 mA, the scattering angle rang (2θ) was 0~60° at a scatting speed of 
0.02°/min.

The morphology of native maize starch, OSA starch and starch 
nanoparticles were characterized through Scanning electron microscopy 
(Merlin scanning electron microscope, Zeiss Co., Germany). All the 
samples were gold coated before morphology observation.

Laser light diffraction technique was used to evaluate the particle 
size and particle size distribution of starch nanoparticles. 0.05 g starch 
nanoparticles were dispersed in 100 mL distilled water and treated by 
ultrasound for 30 min before measurement to prevent agglomeration 
[26-28].

Standard Curves of indomathacin

Standard curves of indomathacin were obtained using the 
following approaches: 0.05 g of indomathacin was fully dissolved in 

25 ml anhydrous ethanol, then diluted to 500 ml with phosphate-
buffered saline (PBS, 0.2 mol/L, pH 7.4). The obtained 0.01 mg/
mL of indomathacin in PBS solution was scanned at wavelengths 
between 190 and 550 nm with a model TU-1810 ultraviolet-visible 
spectrophotometer (Beijing Puxi General Apparatus Co., Ltd., 
Shanghai, China). The wavelength at which indomathacin absorbed the 
most was selected as the testing wavelength for later experiments, then 
0.01, 0.02, 0.03, 0.04, and 0.05 mg/mL of indomathacin in PBS solution 
were measured at the corresponding testing wavelengths to obtain the 
standard curve of indomathacin absorbance to concentration.

Drug loading analysis

About 50 mg of starch nanoparticles with diameters were weighed 
and suspended in 20 mL of PBS solution with 0.02, 0.04, 0.06, and 0.08 
mg/mL indomathacin each. The resulting suspensions were gently 
stirred at the desired temperature of 17, 27, 37, and 47°C for 0.5, 1, 
1.5, 2 and 2.5 h. Subsequently, the solutions were centrifuged, and 
each supernatant was extracted to determine the drug loading and 
encapsulation efficiency with an ultraviolet-visible spectrophotometer 
according to the standard curve of indomathacin absorbance to 
concentration. The drug loading (A) and encapsulation efficiency (B) 
were calculated with eqns. (2) and (3), respectively.

WVVCCA /)( 0110 −=                     (2)

0110 /)( CVCCB −=                   (3)

where C0 means initial concentration of indomathacin in PBS solution, 
C1 means diluted concentration of indomathacin in PBS solution, 
V1 means dilution volume of extracted supernatant, V0 means initial 
volume of PBS solution, and W means the weight of starch nanoparticles 
dissolved in PBS solution.

Drug release analysis

About 50 mg of drug-loaded starch nanoparticles that possess the 
most drug loading (2.6 mg/g) under the experimental conditions above 
was weighed and added to the dialysis tube. Then, 10 mL of PBS solution 
was added to the dialysis tube. Subsequently, the drug-loaded starch 
nanoparticles and dialysis tube were placed in a beaker containing 80 
mL of PBS solution and slowly stirred in magnetic stirring apparatus 
at 37°C. At appropriate time intervals, 5 mL of solution was taken out 
and replaced by the same volume of fresh PBS solution. The cumulative 
release rate was determined according to the standard curve of 
indomathacin absorbance to concentration and eqn. (4).
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+
=

×

∑                    (4)

where Ci and Cn is the mass of indomathacin released from drug-loaded 
starch nanoparticles at a given time, Vi is the solution volume got taken 
out at each time, Vi=5 ml. V is the cumulative solution volume got 
taken out, P is the total drug loading in starch nanoparticles. W is the 
mass of starch nanoparticles, W=50 mg.

Statistical analysis

All of the sample analyses were conducted in triplicate and the 
values were expressed as means ± standard error of the mean, statistical 
analysis were done using SPSS 18.0. Duncan's multiple range tests were 
used to estimate significant differences among means at a probability 
level of 0.05 [29-31].
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Results and Discussion
Structural characterization of [C3OHmim]Ac

The 1H-NMR spectrum was employed to confirm the structure of 
[C3OHmim]Ac, as shown in Figure 1. 1H NMR (600 MHz, DMSO, 
25°C): δ= 9.83 (s, 1H), 7.81 (d, 1H), 7.71 (d, 1H), 4.26 (t, 2H), 3.86 (s, 
3H), 3.37 (s, 1H), 2.50 (m, 2H), 1.88 (m, 2H), 1.59 (s, 3H). The ESI-
MS technique was used to obtain the molecular weight of the objective 
product [C3OHmim]Ac, and the result of the spectrum is shown in 
Figure 2. [C3OHmim]+ was detected under the positive ion mode and 
the mass-to-charge radio (m/z) was 141.1, which was consistent with 
the theoretical calculation result (141) of the molecule ion weight for 
[C3OHmim]+. The results of 1H NMR and ESI-MS indicated that the 
[C3OHmim]Ac was synthesized in two steps successfully.

Phase behaviour

The phase behaviour is essential to study micro-emulsion. Figure 
2 shows the phase diagram of [C3OHmim]Ac/TX-100+1-butanol/
cyclohexane micro-emulsions system at 25°C. A phase boundary line 
could be seen to separate two-phase region and a single-phase region. 
It was evident that a stable, clear and transparent single-phase micro-
emulsion region could be observed in the range of [C3OHmim]Ac or 
cyclohexane content from 0% to 100% (wt) and it was suitable to study 
the microstructure of the micro-emulsions.

Apparently, a large single region that extends from [Omim]Ac 
starch corner to the cyclohexane corner was observed. The blank region 
was the one-phase micro-emulsion, and the shadow region marked 
“two phase” was a cloudy region. And a continuous stable single-phase 
micro-emulsion region could always be observed in the range of the 
[Omim]Ac-starch or cyclohexane content from 0% to 100% wt [32].

Conductivity measurement

It is well known that the applications of micro-emulsion depend 
on its structure. Therefore, it is essential to investigate the structure 
of micro-emulsion. Conductivity is frequently used to investigate 
structure and structural changes in micro-emulsions [16,25]. In the 
[C3OHmim]Ac/TX-100+1-butanol/cyclohexane micro-emulsion, one-

phase region can be divided into [C3OHmim]Ac/cyclohexane region 
(marked IL/O), bicontinuous region (marked B) and cyclohexane/
[C3OHmim]Ac region (marked O/IL), corresponding to the sharp rise, 
flat and the drop of last in conductivity curve, respectively [26]. As 
shown in Figure 3, the initial conductivity increased with the increase 
of the weigh fraction of cyclohexane because of the continuous increase 
of conductive micro-emulsion droplets, indicating the formation of 
O/IL micro-emulsions. When reaching a maximum, the nonlinear 
conductivity decrease revealed that the medium underwent a structural 
transition and became bicontinuous owing to progressive growth 
and interconnection of the O/IL microdomains. The further increase 
of cyclohexane resulted in a linear decrease of conductivity, which 
was interpreted as the consequence of the formation of IL/O micro-
emulsions, suggesting inverse droplet aggregation appeared (Figures 4 
and 5).

FTIR of starch nanoparticles

Figure 4a illustrates the FTIR spectra of native maize starch, OSA 
modified maize starch and starch nanoparticles. Compared with native 
maize starch, OSA modified maize starch showed two new absorption 
bands at 1570 and 1722 cm-1. The band occurring at 1570 cm-1 originated 
from asymmetric stretching vibration of carboxylate RCOO-. The peak 
at 1722 cm-1 corresponded to C=O stretching vibration of an ester 
group [30]. These bands certified the formation of esterification. 1158, 
1081, 1015 cm-1 were assigned to the C-O bond stretching vibrations 
of anhydroglucose units, meanwhile, the O-H stretching and C=H 
stretching showed a strong signal at 3354 and 2931 cm-1, which is the 
same as native maize starch [32,33]. The spectra of starch nanoparticles 
exhibited some difference compared with OSA modified maize starch. 
The band of which at 3354 and 2931 cm-1 became narrow and moved 
to high frequency region. The reason might be that the crosslinking 
bonds replaced the O-H in starch. The peak at 1015, 1081 and 1158 
cm-1 became stronger compared with OSA modified maize starch 
because of the formation of interior bonds in cross-link reaction. These 
data suggested the crosslinking reaction occurred between the starch 
molecules, and there are similar reports about FTIR spectrogram of 
starch microspheres.

Figure 2: Preparation of starch nanoparticles.
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X-ray diffraction (XRD) was used to study the crystalline structure 
of native maize starch, OSA modified maize starch and starch 
nanoparticles, as shown in Figure 4b. We observed that the native 
maize starch had no difference with OSA modified maize starch 
in the crystalline structure with the sharp diffraction peaks at 15.2°, 
16.9°, 18.1° and 23.2°, showing a typical A-type pattern structure. This 
suggested that OSA modification had little effects on the crystalline 
structure. On the other hand, the spectrogram of starch nanoparticles 
showed a big broad peak, indicating that most of crystalline structure 
of the starch was probably destroyed into the amorphous shape due to 
the dissolution (Figure 6).

Morphological analysis of starch nanoparticles

Scanning electron microscopy (SEM) is an effective way to observe 
the morphology of particles. As seen from Figure 5, native maize 
starch had the similar morphology compared with OSA modified 
maize starch, the sizes varied from about 10 to 20 μm and all of them 
were polygonal granules. Most of granules showed aggregation or 
cluster formation which could be mainly attributed to strong van der 
Waals force and electrostatic attraction, which was in line with Liu et 
al. [30] who also reported that starch granules congregated together. 
In comparison with these two starches, starch nanoparticles showed 
approximately spherical granules with fine dispersibility and were 
much smaller, their size and distribution of starch nanoparticles were 
analyzed by DLS technique as shown in Figure 7. The mean diameter 
of starch nanoparticles was 85.69 nm and the size distribution was 
relatively concentrated [31].

Drug loading analysis

The influence of loading time on drug loading property is shown 
in Figure 8a. The drug loading and encapsulation efficiency increased 
first and then decreased as time went on. To be exact, the drug loading 
increased from 1.12 to 2.63 mg/g as the time was prolonged from 0.5 
to 2 h and then decreased to 2.26 mg/g when the time was extended 
to 2.5 h. The encapsulation efficiency increased from 5.8 to 12.9% and 
then reduced to 11.8% correspondingly. From the result, it could be 
concluded that the drug loading and encapsulation efficiency of starch 
nanoparticles on indomathacin presented an appropriate time value. 
The effect of temperature on drug loading property is observed in 
Figure 8b. It was obvious that different loading temperatures resulted 
in significant changes in drug loading and encapsulation efficiency. 
At a temperature of 17°C, starch nanoparticles loaded with more 
indomathacin and encapsulation efficiency showed the same trend. 
The reason for this phenomenon may be that the adsorption of 
indomathacin was mainly attributed to the existence of opposite charges 
and high affinity. This adsorption process would be hindered by high 
temperature; thus, the drug loading reduced at higher temperature. 
Starch nanoparticles with different particle sizes (86, 133, 187 and 263 
nm) were obtained through changing the reaction conditions such 
as reaction time, reaction temperature, and starch concentration to 
investigate the effect of particle size on drug loading property. As shown 
in Figure 8c, drug loading and encapsulation efficiency decreased with 

Figure 3: (a) 1H NMR spectrum of [C3OHmim]Ac. (b) The ESI-MS spectrum of [C3OHmim]Ac at positive ion mode.
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TX-100: 1-butanol=1:1(w/w).
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Figure 6: FTIR spectra (a) and XRD patterns (b) of native maize starch (I), OSA modified maize starch (II) and starch nanoparticles (III)
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Figure 7: SEM images of native maize starch (×1000, a), OSA modified maize starch (×1000, b) and starch nanoparticles (×20000, c) and the particle size 
and distribution of starch nanoparticles (d).

increasing particle size of starch nanoparticles. The reason for this 
phenomenon may be that starch nanoparticles of smaller particle size 
have greater specific surface area and stronger adhesion ability. As 
shown in Figure 8d, drug loading ascended significantly from 1.35 to 
3.75 mg/g as the concentration of indomathacin rose from 0.02 to 0.08 
mg/mL. However, the increase of drug concentration caused a decline 
in encapsulation efficiency. Therefore, higher drug concentration does 
not necessarily result in better drug loading property.

Drug release analysis

Drug release experiments were performed in PBS solution. As 
shown in Figure 9, initially, a burst release was observed in the first 1 
h after the starch nanoparticles were immersed into the medium, high 
release rate of 74.32% was associated with the immediate dispersing 
of the indomathacin close to starch nanoparticles surfaces. In the 
following 2 h, the starch nanoparticles formed a swelling-controlled 

and sustained release system, in which the release rate slowed down, 
and 89.75% of the indomathacin contained in the starch nanoparticles 
was released. This phenomenon was because on the one hand, 
indomathacin in the nanoparticles which occupied lots free volume 
spaces inside the swollen nanoparticles created tortuous paths to 
assist the transportation of water molecules, which facilitated starch 
nanoparticles to absorb water and swell sufficiently. On the other 
hand, increasing swelling impulsed a great number of indomathacin 
molecules to diffuse out of the starch nanoparticles and pass into 
the release medium through numerous pores and channels in the 
particles. However, as the nanoparticles swelled in PBS solution, a 
gel diffusion layer took shape gradually which hampered the outward 
expulsion of indomathacin and brought a sustained slowdown to the 
indomathacin release. From the 3 to 10 h, drug release experienced a 
slight but slow rise. 94.52% of the indomathacin was released into PBS 
solution which kept almost unchanged in the next 10 h. Since the pores 
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Figure 8: Effect of loading time (a), loading temperature (b), particle size (c), and drug concentration (d) on drug loading property. Other conditions: (a) 
loading temperature, 27°C; particle size, 86 nm; drug concentration, 0.05 mg/mL. (b) Loading time, 2 h; particle size, 86 nm; drug concentration, 0.05 mg/
mL. (c) Loading time, 2 h; loading temperature, 27°C; drug concentration, 0.05 mg/mL; (d) loading time, 2h; loading temperature, 27°C; particle size, 86 nm.

and channels for water transportation in the nanoparticles decreased 
dramatically as the gel diffusion layer enhanced, consequently less 
and less indomathacin was impelled out of the nanoparticles. Finally, 
the concentration of indomathacin reached a balance between starch 
microspheres and PBS solution as time was prolonged. However, tiny 
amount of indomathacin was released due to gradual but sluggish 
degradation of starch particles [33].

Conclusions
In our study, a new room-temperature ionic liquid [C3OHmim]

Ac, based on imidazolium cation that contained additional functional 

group was synthesized to dissolve starch, and molecular structure of 
[C3OHmim]Ac was confirmed by 1HNMR and ESI-MS. Pseudo-ternary 
phase diagram conductivity were used to divide the micro region of 
micro-emulsion. Starch nanoparticles could be prepared based on this 
micro-emulsion system. FTIR data demonstrated the formation of 
crosslinking bonds between starch molecules. The spectrum of XRD 
showed that the crystal structure of starch was destroyed. SEM and 
DLS intuitively revealed that starch nanoparticles had good sphericity, 
small size and a relatively concentrated size distribution with the mean 
diameter was 105 nm.
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