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The co-delivery of siRNA and therapeutic agents provides an effective method for cancer chemotherapy 

by avoiding drug resistance during the treatment. With a combination of ionic gelation and supercritical 

fluid technology, nanoparticle-embedded composite microparticles (CMPs) co-loaded with siRNA and 

paclitaxel (siRNA-PTX-CMPs) were successfully prepared. The results show that CMPs embedded with 

nanoparticles with a diameter of 50-100 nm exhibited a spherical shape and core-shell structure with a 10 

mean diameter of 323 nm. The encapsulation efficiency of siRNA in chitosan nanoparticles (CS NPs) was 

96.97%. The drug load and encapsulation efficiency of PTX-loaded CMPs (5% dosage) were 1.40% and 

27.95%, respectively; these both increased with an increase in dosage. It was found that no change had 

occurred in the functional groups of the components during the supercritical process, while the physical 

form of PTX had shifted to an amorphous state. In the cell experiments, the CMPs clustered around the 15 

nucleus after being uptaken by the Bcap-37 cells. The results of the antitumor effect experiments revealed 

that the co-loaded siRNA-PTX-CMPs achieved a significantly better synergistic effect than single 

dosages, which indicated that the co-delivery system developed by the supercritical process could have 

potential in the application of cancer chemotherapy. 

Introduction 20 

It is well known that drug resistance, which is the leading cause 

of cancer-related deaths around the world, is one of the most 

important challenges encountered in the chemotherapy of 

cancer.1-3 According to a previous study,4 the main mechanisms 

of drug resistance are grouped into five categories: increased 25 

drug efflux, decreased drug influx, DNA repair activation, 

detoxification, and blockage of apoptosis because of existing 

drug resistance in the cancer cells. To overcome these barriers, a 

new and effective method for the fabrication of an appropriate 

carrier is necessary for the successful delivery of chemotherapy 30 

for cancer.5 

The co-delivery of siRNA and chemotherapy drugs has been 

shown to have a good synergistic effect in the field of cancer 

treatment and has attracted a great deal of attention.6 In a co-

delivery system, the siRNA targets the gene of the drug pump, 35 

which generally exhibiting a high specificity and low non-

specific toxicity thus shutting down the drug pump and 

facilitating the entry of the chemotherapeutic agent into the 

cancer cells. Based on the above principle, many studies have 

proved that the application of gene delivery could effectively 40 

reduce the drug resistance.7, 8 Several different co-delivery 

systems have been synthesized and these can be grouped into 

three categories: inorganic-based, lipid-based, and polymer-

based.9 Although inorganic nanoparticles, such as porous silica 

nanoparticles, have been used as carriers in the treatment of 45 

cancer,10, 11 their toxicity has limited their further application.10 

Many studies have examined the antitumor effect of liposome-

based drug carriers co-loaded with siRNA and chemotherapy 

drugs,12-15 but there are still some problems, such as inconvenient 

storage, poor stability, and insufficient protection caused by the 50 

drug distribution.16 The carriers based on polymers such as 

chitosan and poly (L-lactide)-poly (ethylene glycol)-poly (L-

lactide) triblock copolymer (PLLA-PEG-PLLA), which possess 

the properties of good biocompatibility and low immunogenicity, 

have also drawn the attention of many researchers and have been 55 

widely employed as carriers of genes and drugs in the field of 

medicine.17-20 The creation of a safe and effective carrier for 

application requires not only the appropriate materials but also an 

effective method. 

The conventional methods for producing a drug delivery system, 60 

for instance, spray drying and double-emulsion solvent 

evaporation,21 have failed in effectively removing the organic 

solvent to a very low concentration, which has limited their 

application in the field of medicine.22 A promising method to 

prepare carriers for the co-delivery of genes and drugs is an 65 

urgent necessity for pharmaceutical applications. Because of its 

properties of mild operating conditions, very low solvent residue, 

and low cost, supercritical CO2 technology has been employed in 

the study of drug carriers.23-28 Due to the insolubility of genes in 

organic solvents, the supercritical process is always combined 70 

with emulsion when fabricating carriers loaded with a gene, so 

that the activity of the gene can be maintained.29, 30 

In the present study, we attempted to prepare siRNA-PTX-CMPs 

with the objective of achieving a good therapeutic effect in 

cancer treatment by the combination of ionic gelation and 75 

supercritical technologies, which are environmentally friendly 
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methods and have been widely used in the fabrication of drug 

carriers. The CS NPs containing siRNA as core materials were 

firstly prepared by ionic gelation, and this was followed by 

encapsulation with PLLA-PEG-PLLA as a shell material by a 

supercritical process to fabricate the siRNA-PTX-CMPs. The 5 

surface morphologies of CS NPs and CMPs were observed; the 

encapsulation efficiency of siRNA in CS NPs and the profiles of 

PTX-loaded CMPs were measured; and examinations of cell 

apoptosis were carried out to evaluate the antitumor effect of 

siRNA-PTX-CMPs. 10 

Materials and methods 

Materials 

PLLA-PEG-PLLA (50 kDa) was purchased from the Jinan 

Daigang Co., Ltd. (Jinan, China). Chitosan and sodium 

tripolyphosphate were purchased from Aladdin® Co., Ltd. 15 

Dulbecco's modified eagle medium (DMEM) and fetal bovine 

serum were purchased from the American Gibco company. 

Alamar Blue was purchased from the American Invitrogen 

Company. Bcap-37 cells (P-gp dependent31) were purchased from 

the Type Culture Collection of the Chinese Academy of Sciences 20 

(Shanghai, China). Dichloromethane (DCM, 99.8% purity) was 

purchased from the Sinopharm Chemical Reagent Co., Ltd. 

(Shanghai, China). CO2 of 99.9% purity was supplied by the 

Rihong Air Products Co., Ltd. (Xiamen, China). All other 

compounds were of analytical purity. 25 

Methods 

Preparation of chitosan nanoparticles loaded with siRNA 

The siRNA solution was prepared by adding 2 OD siRNA (for 

siRNA, 1OD=3.0 nmol=40 ug) to 250 μL of the sodium 

tripolyphosphate (TPP) solution dissolved in RNase-free water. 30 

The siRNA solution was then mixed with 500 μL of the chitosan 

solution for 1 min under vortex to produce the siRNA-

encapsulated CS NPs. 

The sequence information of the siRNA targeting the human 

MRP-1 is as follows: 35 

Sense strand：5'- GUGUCAUCUGAAUGUAGCCTT -3' 

Antisense strand：5'- GGCUACAUUCAGAUGACACTT -3' 

Preparation of composite microparticles co-loaded with 

siRNA and PTX 

Firstly, the PTX and PLLA-PEG-PLLA were dissolved in the 40 

DCM, and the acetone was then added as a non-solvent to the 

above solution to achieve an oil phase with a high saturation and 

low concentration. Following this, 1.5 mL of CS NPs with 

siRNA was added into the oil phase under ultrasonication to 

obtain a homogeneous solution. 45 

Fig. 1 is a schematic diagram of the process, as described in our 

previous reports.32, 33 The apparatus for the fabrication process 

consists of three major components: a CO2 supply system, a 

solution delivery system, and an autoclave with a volume of 500 

mL. At the beginning of an experiment, the CO2 fed from a CO2 50 

cylinder was cooled down to around 0℃ using a cooler to ensure 

the liquefaction of the gas and also to prevent cavitation. The 

liquefied CO2 was then delivered by a high pressure meter pump 

through a heat exchanger to preheat the liquefied CO2 to the 

desired operating temperature before it entered the autoclave, 55 

which was incubated in a gas bath to keep the temperature 

constant at 35℃  during the experiment. When the desired 

pressure (12 MPa) was reached, a steady flow of CO2 (1500 

L•h−1) was maintained by adjusting the frequency of the CO2 

pump and regulating the downstream valve. The homogeneous 60 

solution in the syringe-like cylindrical device was then fed into 

the autoclave through a nozzle (inner diameter 160 μm) at a flow 

rate of 2.0 mL•min−1. When the spraying of emulsion was 

finished, a 20 min washing process was performed by 

continuously pumping fresh CO2 into the autoclave to remove the 65 

residual organic solvent. After washing, the autoclave was slowly 

depressurized and the powder products, namely the CMPs, were 

obtained for further characterizations. 

Charaterization of morphologies  

The samples were absorbed onto the conducting resin and then 70 

sprayed with gold under vacuum conditions. Scanning electron 

microscopy (S-4800 UHR FE-SEM, Hitachi, Japan) was used to 

investigate the surface morphologies of the samples.  

A copper micro-grid supporting a carbon-coated film was used as 

a sample holder. The aqueous solution of the samples prepared 75 

by ultrasonication was deposited onto the sample holder and 

dried at room temperature. Transmission electron microscopy 

(TEM, H-7650, Hitachi, Japan) was used to observe the 

morphology. Before the observation, only the CS NPs were 

negatively stained, using phosphotungstic acid. 80 

Investigation of siRNA encapsulation efficiency 

An siRNA solution of 5 μmol/L was prepared by adding 300 μL 

of water to the 0.5 OD siRNA. A series of siRNA standard 

solutions was obtained by mixing 1, 2, 4, 6, 8, and 10 μL of this 

siRNA solution, respectively, with DEPC water to a fixed 85 

volume of 20 μL. Five microliters of the RNA buffer solution 

was added to the siRNA standard solutions and siRNA-loaded 

CS NP suspensions, respectively, followed by mixing on a vortex 

apparatus. Ten microliters of the solution was then added to the 

lane of agarose gel to conduct electrophoresis under 100 V for 30 90 

min. A photo of the gel electrophoresis was obtained using the 

gel imaging system. The Image J software was applied to convert 

the electrophoretic bands to optical density. The standard curve 

between sample concentration and optical density was then 

plotted. The encapsulation efficiency of siRNA in CS NPs was 95 

calculated according to the standard curve.34 

Measurements of the drug load and encapsulation efficiency 

of PTX 

For the determination of drug load (DL) and encapsulation 

efficiency (EE), 10 mg samples of CMPs with different dosages 100 

of PTX (2%, 5%, and 10%) were dissolved in DCM; methyl 

alcohol was then added to dissolve the PTX and precipitate the 

PLLA-PEG-PLLA. The solution containing PTX was filtered 

through a 0.22 μm membrane and the concentration of PTX in 

the solution was analyzed by HPLC. In the HPLC, the 105 

chromatographic column was C18 (150 mm×4.6 mm), the mobile 

phase was methanol and water (70:30, v/v), and the flow rate of 

the mobile phase was 1.0 mL/min. The DL and EE were 

calculated according to equation (1) and equation (2) listed below: 

DL=W1/W2×100%    (1) and 110 
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EE= W1/W3×100%                   (2), 

where W1, W2, and W3 represent the total weight of PTX in the 

CMPs, the weight of the CMPs, and the weight of PTX added 

within the fabrication process, respectively. Each experiment was 

done in triplicate.  5 

Characterization of the physicochemical properties of the 

CMPs 

A Fourier transform infrared spectroscope (FTIR) 8400S 

(SHIMADZU) was employed to estimate the influence of the 

process on the functional groups of the materials. Before analysis, 10 

the samples were gently mixed with KBr and then pressed into a 

transparent flake. Differential scanning calorimetry (DSC) was 

used for the evaluation of the thermodynamic properties of the 

materials before and after the fabrication process, in which the 

samples were heated from 30℃ to 200℃ at a rate of 10℃•min-1. 15 

Study of the antitumor effect of the CMPs 

Uptake of the CMPs by cells 

The blank CMPs were firstly labeled using rhodamine. When the 

density of the cells seeded on the confocal special dish was 80%, 

the culture medium was replaced by the culture suspension 20 

containing 0.5 mg/mL of rhodamine-labeled CMPs, and this was 

incubated at 37℃ for a set time. After discarding the culture 

medium and washing the cells with PBS, the cells were fixed 

with 4% paraformaldehyde and then washed with PBS. Next, the 

cytoskeleton and nucleus of the cells was stained with FITC-25 

phalloidin and Hoechst 33258, respectively. Finally, the laser 

scanning confocal microscope (LSCM) was used to observe the 

uptake of CMPs by Bcap-37 cells. 

Evaluation of cell apoptosis by AO/EB 

The Bcap-37 cells seeded on the 24-well plates were treated with 30 

blank CMPs culture suspension, PTX-CMPs culture suspension, 

and siRNA-PTX-CMPs culture suspension at a concentration of 

500 μg/mL, respectively. Cells without treatment were used as a 

control. At the set point, cells were trypsinized, collected, and 

resuspended in the PBS buffer in sequence. According to the 35 

specification of the AO/EB kit, the 25 μL of the cell suspension 

was mixed with 1 μL of the mixed reagent and placed in the dark 

for dyeing. Finally, LSCM was used to observe the stained cells. 

Determination of the antitumor effect by Alamar Blue 

The Bcap-37 cells seeded on the 96-well plates were treated with 40 

200 μL of blank CMPs culture suspension, PTX-CMPs culture 

suspension, and siRNA-PTX-CMPs culture suspension at a 

concentration of 500 μg/mL, respectively. Cells without 

treatment were used as a control. At the set point, the above 

culture in the 96-well plates was replaced by 100 μL of fresh 45 

cultures with 10% Alamar Blue, and the cells were incubated for 

4 h. The absorbance of each well was then measured using a 

microplate reader under the wavelengths of 570 nm and 600 nm. 

The relative growth rate (RGR) was defined as the antitumor 

effect of siRNA-PTX-CMPs. The RGR was calculated according 50 

to the following equation: 

RGR%=absorbance of sample group (OD570-OD600) / absorbance 

of control group (OD570-OD600). 

Statistical analysis 

The mean ± SD was determined for each treatment group. 55 

Statistical analysis was performed using a Student’s t-test. The 

differences were considered significant for *p<0.05 and very 

significant for **p<0.01. 

Results and discussion 

Morphology and siRNA encapsulation efficiency of the CS 60 

NPs 

In the ionic gelation, the tripolyphosphoric groups of TPP linked 

with the ammonium group of chitosan via electrostatic interaction, 

thus forming the CS NPs,35 in which the siRNA with a negative 

charge also linked the positively charged chitosan and was 65 

encapsulated in the CS NPs. Fig. 2 shows that the CS NPs 

containing siRNA exhibited a spherical morphology, and the 

diameter ranged from 50 nm to 100 nm. Compared with the blank 

CS NPs, as shown in Fig. 3, the zeta potential of siRNA-loaded 

CS NPs was lower because the positive charge of CS NPs was 70 

neutralized by the negative charge of siRNA. The siRNA 

encapsulation efficiency was 96.97%, as calculated from Fig. 4, 

which indicated that the ionic gelation was an effective process 

by which to encapsulate siRNA into CS NPs as a gene carrier. 

This result is consistent with the previous studies.36 Subsequently, 75 

the CS NPs were used as the core material to prepare the siRNA-

PTX-CMPs, in which the siRNA could successfully be protected 

by the polymer shell material. 

Morphologies and particle size distribution of the CMPs  

During the supercritical process, the co-precipitation of PTX and 80 

PLLA-PEG-PLLA on the surface of CS naoparticles happened 

with the expansion and extraction of DCM caused by 

supercritical carbon dioxide. It can be observed from Fig. 5 that 

the CMPs exhibited a core-shell structure in which several 

nanoparticles were encapsulated by the shell. In the image, the 85 

inner dark-colored particles are the CS nanoparticles and the 

outer particles with an irregular morphology are the PLLA-PEG-

PLLA shells, thus displaying the core-shell structured, 

nanoparticle-embedded CMPs. The mean diameter of the CMPs 

measured by the nano measurer was 320 nm. As illustrated in Fig. 90 

6, the mean diameter of the PTX-CMPs increased slowly from 

345 nm to 393 nm with the increase in the dosage of the PTX-

CMPs from 2% to 10%; however, this result revealed that the 

effect of different drug loads on the size of the final CMPs was 

not significant. This could also be verified by the morphologies 95 

of the PTX-CMPs with different drug dosages, which showed no 

significant differences, as shown in Fig. 7. 

Drug load, encapsulation efficiency, and physicochemical 

properties of the CMPs  

Under fixed conditions, the retention time of PTX was between 8 100 

and 9 min. As shown in Fig. 8, the drug loads of PTX-loaded 

CMPs with dosages of 2%, 5%, and 10% were 0.75%, 1.40%, 

and 5.40%, respectively, which indicated that there was a great 

loss of PTX during the supercritical processing because PTX is 

soluble in supercritical CO2 to some extent.37 With the increase in 105 

PTX dosages, the percentage of PTX lost in the supercritical CO2 

decreased due to its limited solubility in supercritical CO2; thus, 

more PTX was precipitated in the CMPs, with a higher 
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encapsulation efficiency. However, the encapsulation efficiency 

did not noticeably change the morphology of the PTX-CMPs. 

The reason for this could be that the PTX-CMPs were fluffy 

microparticles and an increase in the precipitated PTX made the 

particles more dense but not larger. 5 

As shown in the FTIR curves in Fig. 9, the two sharp and intense 

peaks at 1759 cm-1 and 1089 cm-1 in CMPs composed of PLLA-

PEG-PLLA referred to the carboxylic ester (C=O) and ether (C-

O-C) groups, respectively. The characteristic absorption peak at 

3490 cm-1 represented the hydroxyl group located in the end 10 

group of PLLA-PEG-PLLA.38 Some strong absorption peaks 

were observed in the FTIR spectrum of raw PTX. The peaks in 

the regions of 1590-1735 cm-1 and 1045-1068 cm-1 corresponded 

to the aromatic ring stretching frequency and the presence of 

aromatic C-H bonds, respectively. In addition, the peak at 1649 15 

cm-1 was due to the C=O amide stretching of PTX and the peak at 

1244 cm-1 was due to C-O-C stretching. These characteristic 

peaks in raw PTX are consistent with previous studies.39, 40 The 

same phenomenon was apparent in the FTIR curve of the PTX-

CMPs. Compared to the FTIR curves of raw PTX and the CMPs, 20 

the absorption peaks of the PTX-CMPs were stronger and no new 

peak existed in the FTIR curve of PTX-loaded CMPs, indicating 

that the PTX had been encapsulated in the CMPs by a physical 

process, without any change in the functional groups of the 

materials used. In this process, the CS NPs containing siRNA as 25 

the core material were firstly prepared by ionic gelation, and this 

was followed by encapsulation in PLLA-PEG-PLLA as a shell 

material by a supercritical process to fabricate the siRNA-PTX-

CMPs. There would not be any interaction between siRNA and 

PTX since they are in different spaces, and this is also consistent 30 

with the results of FTIR and the antitumor effect experiment. 

It can be observed from Fig. 10 that the raw PLLA-PEG-PLLA 

possessed two melting peaks (170.6℃  and 177.4℃), but the 

melting temperature of the material in the CMPs was 172.4℃, 

indicating that the crystalline form of PLLA-PEG-PLLA was 35 

more homogeneous after the supercritical processing. The DSC 

curve of raw PTX showed an endothermic dehydration at 82.6℃ 

because of the water of crystallization in it.41 The melting process 

of PTX was not observed in this measurement, since the 

temperature range here was 20 to 200℃ , while the melting 40 

temperature of raw PTX has been reported to be at about 222℃.42, 

43 In the PTX-CMPs, there was no endothermic peak at 82.6℃, 

which indicated that the crystalline form of PTX may have 

changed to the amorphous form due to the loss of crystal water 

and the effect of the process, and this is favorable for improving 45 

the bioavailability of PTX.44 There was a peak at 128.2℃ in the 

PTX-CMPs, which may be the endothermic peak of CS NPs, 

changed from 73.9℃ to 128.2℃ because of their encapsulation 

in the PTX-CMPs and the change of heat transfer, where the heat 

arriving at the CS NPs firstly passes through the coating of 50 

PLLA-PEG-PLLA. However, Kang et al.45 reported that the 

melting temperature of BSA decreased after encapsulation by 

poly-lactic acid because the secondary structure had been 

changed. From the two results above, it may be concluded that 

the melting temperature of the material was affected by the 55 

structure of the particle and by its distribution in the carrier. 

Cell uptake of the CMPs 

Experiments involving the uptake of microparticles by cells have 

been conducted in many studies. Kang et al.46 employed LSCM 

and TEM to observe indomethacin-loaded PLLA/PLGA 60 

microparticles with a diameter of 2.35 μm, prepared in a 

supercritical process, in the cancer treatment of A549 cells, and 

found that the microparticles could enter A549 cells. Similarly, 

the CMPs with a mean diameter of 320 nm could also enter the 

Bcap-37 cells, as shown in Fig. 11. It was assumed that the CMPs 65 

had entered the cells as the microparticles gathered around the 

nucleus of the cells and did not appear in any of the images, and 

more CMPs were absorbed around the nucleus in 48 hours, a 

finding which was similar to that of the above study.46 This result 

has provided the foundation for the combination therapy of 70 

siRNA and PTX, which is expected to achieve a better antitumor 

effect than using either siRNA or PTX alone. 

Antitumor effect of the drug-loaded CMPs 

According to the specification of the AO/EB kit, 1 μL of the 

mixed reagent contained reagent 1, which could enter the living 75 

cells and stain them green, and reagent 2, which entered the dead 

cells and stained them orange. After mixing with the mixed 

reagent, the cells treated with siRNA-PTX-CMPs could be 

divided into four categories: green round, green irregular, orange 

irregular, and orange round. Correspondingly, in Fig. 12, arrow 1 80 

refers to normal cells, arrow 2 refers to viable apoptotic cells, 

arrow 3 refers to non-viable apoptotic cells, and arrow 4 refers to 

dead cells.  

From Fig. 12, it can be observed that many dead cells existed in 

the group of siRNA-PTX-CMPs within 48 hours, demonstrating 85 

that the CMPs based on PLLA-PEG-PLLA had entered the cells 

and achieved a good antitumor effect. Chen et al.47 used 

methotrexate-loaded PLLA-PEG-PLLA microparticles in the 

treatment of MG-63 cells and concluded that the drug-loaded 

microparticles could induce the apoptosis and death of cells, and 90 

this supports the above findings. 

As shown in Fig. 13, there was no significant difference in RGR 

among the cells of the three groups in 1 day because of the small 

amount of CMPs uptaken by the cells in the limited time. As time 

went on, the RGR of the cells in the PTX-CMPs group at 3 days 95 

and 5 days was 79.9% and 82.6%, respectively, while the RGR of 

the cells in the blank CMPs group was above 80% at both 3 and 5 

days. However, the RGR of the cells in the siRNA-PTX-CMPs at 

3 days and 5 days was 67.7% and 59.1%, respectively. This result 

is consistent with a previous study on in vitro cytotoxicity of 100 

PTX against other tumor cells.48 The reason for this finding could 

be that for longer incubation periods, the PTX is more active.49 

At the same time, more siRNA encapsulated in CS NPs could be 

released to perform sufficiently so that a reduction of RGR was 

detected. After statistical analysis, it was found that a significant 105 

difference existed in the antitumor effect between the PTX-CMPs 

group and the siRNA-PTX-CMPs group, since the Bcap-37 cell 

used in this study is P-gp dependent strain, which can 

overexpress P-gp and has a drug-resistance property,50 this 

reveals that the siRNA played an important role in synergistic 110 

effect with PTX to kill the cancer cells via silencing of P-gp, 

which thus shutting down the drug pump and facilitating the 

entry of PTX into the cancer cells. These phenomena indicate 

that the siRNA-PTX-CMPs had achieved a better synergistic 
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antitumor effect and would be a promising method in the delivery 

of cancer chemotherapy. 

Conclusions 

CMPs with a core-shell structure and a mean diameter of 323 nm, 

which could be co-loaded with siRNA and PTX for cancer 5 

treatment, were successfully fabricated by supercritical fluid 

technology. The drug loading performance and physicochemical 

properties of the CMPs have shown that the supercritical process 

could be employed to produce carriers suitable for the co-

delivery of a gene and a chemotherapy drug. Moreover, the 10 

results of antitumor effect experiments have demonstrated that 

the siRNA-PTX-CMPs obtained a much better antitumor effect 

than the CMPs encapsulated with PTX alone. In conclusion, this 

study reveals that the gene and drug co-delivery system 

developed by the supercritical process has potential in the 15 

application of cancer chemotherapy without drug resistance. 
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Figure captions 

Fig. 1 Schematic diagram for preparation of the siRNA-PTX-CMPs. 

Fig. 2 TEM image of the siRNA-CS NPs. 

Fig. 3 Mean diameters and zeta potentials of the CS NPs before and after loading with siRNA. 

Fig. 4 Photographs of siRNA electrophoresis (a: standard curve of siRNA; b:optical density of each lane; c: photograph of siRNA-CS 5 

NPs). 

Fig. 5 TEM images of the CMPs under optimal conditions (a: original image; b: with a scale mark). 

Fig. 6 Mean diameters of the PTX-CMPs with different drug dosages. 

Fig. 7 SEM images of the PTX-CMPs with different drug dosages. 

Fig. 8 Drug load and encapsulation efficiency of the PTX-CMPs. 10 

Fig. 9 FTIR spectra of the raw PTX, CMPs, and PTX-CMPs. 

Fig. 10 DSC curves of the raw PTX, CS NPs, and PTX-CMPs. 

Fig. 11 Intracellular location of the CMPs in Bcap-37 cells (the CMPs are red; the nuclei are blue; and the cytoskeletons are green). 

Fig. 12 Antitumor activity of drug-loaded CMPs detected by AO/EB (100×). 

Fig. 13 In vitro antitumor effect of the drug-loaded CMPs (When appropriate, statistical significance is indicated: “*”: p<0.05). 15 
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Fig. 1 Schematic diagram for preparation of the siRNA-PTX-CMPs 

 

 

 

Fig. 2 TEM image of the siRNA-CS NPs 
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Fig. 3 Mean diameters and zeta potentials of the CS NPs before and after 

loading with siRNA 

 

 

(a) 

 

(b) 

 

(c) 

Fig. 4 Photographs of siRNA electrophoresis (a: standard curve of siRNA; b:optical density of each lane; c: 

photograph of siRNA-CS NPs) 
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(a) 

 

(b) 

Fig. 5 TEM images of the CMPs under optimal conditions (a: original image; b: with a scale mark) 

 

 

Fig. 6 Mean diameters of the PTX-CMPs with different drug dosages 

Page 9 of 14 Journal of Materials Chemistry B

Jo
ur

na
lo

fM
at

er
ia

ls
C

he
m

is
tr

y
B

A
cc

ep
te

d
M

an
us

cr
ip

t



 

(a) 2% 

 

(b) 5% 

 

(c) 10% 

Fig. 7 SEM images of the PTX-CMPs with different drug dosages 

 

 

 

Fig. 8 Drug load and encapsulation efficiency of the PTX-CMPs 
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Fig. 9 FTIR spectra of the raw PTX, CMPs, and PTX-CMPs 

 

 

Fig. 10 DSC curves of the raw PTX, CS NPs, and PTX-CMPs 
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Fig. 11 Intracellular location of the CMPs in Bcap-37 cells (the CMPs are red; the nuclei are blue; 

and the cytoskeletons are green) 

 

  

（a）negative control （b）blank CMPs 

  

（c）PTX-CMPs （d）siRNA-PTX-CMPs 

Fig. 12 Antitumor activity of drug-loaded CMPs detected by AO/EB (100×) 
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Fig. 13 In vitro antitumor effect of the drug-loaded CMPs (When appropriate, statistical 

significance is indicated: “*”: p<0.05) 
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Nanoparticle-embedded composite microparticles co-loaded with siRNA and paclitaxel achieve a 

significantly better synergistic effect than single dosage.  
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