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  Abstract 
This study examines the preparation, preliminary characterization and antioxi-
dant abilities of Opuntia dillenii Haw polysaccharides-gelatin microspheres 
(ODP-GMS). ODP-GMS was prepared through W/O emulsion chemicalcros-
sline method.The result shows that under the optimal conditions which a wa-
ter/oil (W/O) ratio of 1 to 3.67, 1.06% emulsifier content and 11.47 mg/mL 
Opuntia dillenii Haw polysaccharides (ODP), the size of the spheroid 
ODP-GMS was relatively homogeneous and the diameter exhibited a normal 
distribution curve. The diameter of the microspheres increased by 22.81±0.45% 
after they were exposed to water for 2 hours. The accumulative release rate of 
ODP-GMS reached 90%in HCl over 12 hours, while the release rate was 85% in 
PBS over 24 hours. ODP-GMS had strong scavenging effects on three types of 
free-radicals (1,1-diphenyl-2-picrylhydrazyl (DPPH) radical, hydroxyl radicals, 
and superoxide radical). These results suggested that gelatin-based microspheres 
offer excellent potential as carriers for the controlled release of ODP in func-
tional foods or medicine. 
 
Keywords 
Preparation, gelatin microspheres, antioxidant, Opuntia dillenii Haw, polysac-
charides 

 
1. Introduction 

Opuntia dillenii Haw (cactaceae) is an important herb in traditional Chinese medicine. The medical components 
prepared from the herb are used in healthy foods or medicines due to their potential properties of tumor suppressive, 
anti-inflammatory and antioxidative [1]. Our previous studies showed that Opuntia dillenii Haw polysaccharides 
(ODP) might promote blood circulation and antioxidant activities as well as have therapeutic benefits for patients 
with diabetes mellitus and asthma [2, 3]. Gelatin microspheres have been extensively investigated for controlled 
drug release [4]. The biocompatibility and the degradation to non-toxic and readily excreted products were the main 
attractive characteristics of gelatin, which suggested its use in the drug delivery field. However, owning to the im-
pact of various manufacturing parameters, for instance, amount of polymer, stirring speed, presence and concentra-
tion of surfactants, preparing Opuntia dillenii Haw polysaccharides-gelatin microspheres (ODP-GMS) with a uni-
form particle size is difficult. Usually, the GMS obtained using this method has a large particle size distribution in 
addition to an unsatisfactory surface morphology [5]. Therefore, optimizing the preparation parameters of the 
ODP-GMS is important for study. 

Response surface methodology (RSM) was employed to optimize preparatory parameters, and preliminary cha-
racterization of the ODP-GMS was applied in this study. Furthermore, a series of hydroxyl, superoxide anion and 
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DPPH radical scavenging tests were performed to examine the antioxidant activity of ODP-GMS. 

2. Results and Discussion 
2.1 Optimization of the process of gelatin microspheres 

2.1.1 Effect of W/O ratio on ODP-GMS drug-loading rate 
To investigate the effect of the W/O ratio on the ODP-GMS drug-loading rate, the preparation process was car-

ried out using different W/O ratios, while the other parameters were fitted as follows: polysaccharides added to 10 
mg/mL ODP-GMS with a 1.0% span80. As shown in Fig. 1a, the loading rate raised from 4.22% to 7.48% as the 
W/O ratio increased from 1:2 to 1:3 (p < 0.05). However, when the W/O ratio increased further, the loading rate 
decreased slowly due to the partial agglomeration of ODP and liquid paraffin. 

 
Figure 1. Effects of different ratios of water to oil (a), ODP addition (b) and emulsifier concentration (c) on the ODP-GMS 

drug-loading rate. 

2.1.2. Effect of ODP addition ratio on ODP-GMS drug-loading rate 
The preparation process was carried out using different ODP addition (mg/mL, mg of ODP regards to mL of the 

gelatine solution) and the other preparing parameters were fitted as follows: W/O ratio of 1 to 3 with a 1.0% span80. 
As expected, a greater increase in drug loading rate was observed when the ODP addition was raised from 1 mg/mL 
to 10 mg/mL; afterwards, the curve began to decrease at 10 mg/mL, possibly indicating that adding 10 mg/mL ODP 
is required to achieve the maximum increase (Fig. 1b). This phenomenon may be caused by the high stickiness of 
ODP in doubly distilled water.When the concentration superior to 10 mg/mL, the high stickiness will decrease the 
macromolecular chains mobility,resulting in reduction of the emulsification. 

Our results showed that significant differences existed between 1 mg/mL, 5 mg/mL and 10 mg/mL (p < 0.05), 
but there was no significant difference between 10 mg/mL and 15 mg/mL. ODP addition positively affected the 
drug loading rate at concentrations below 10 mg/mL; the effect was less significant when ODP addition exceeded 
10 mg/mL. Therefore, 10 mg/mL was selected as the center point of ODP addition during the RSM experiments 
because a higher concentration will waste energy and increase the cost for the preparation process. 

2.1.3. Effect of span80 concentration on ODP-GMS drug-loading rate 
The emulsifiers were used to lower the w/o interfacial tension in order for the dispersed phase to form smaller 

stable droplets since they facilitate gelatin microsphere formation with a small particle size and high quality disper-
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sion. Emulsification is one of the crucial factors that affects the drug-loading rate and the shape of the microspheres. 
To investigate the effect of the span80 concentration on the ODP-GMS drug-loading rate, the preparation process 
was carried out using different span80 concentrations, and the other preparation parameters were fitted as follows: 
10 mg/mL ODP with a 1:3 W/O ratio. As shown in Fig.1c, an increasing trend was observed for the drug loading 
rate when the span80 concentration increased from 0.4% to 1.0%. It may be assumed that the addition of emulsifier, 
leading to a reduction of the microsphere size, causes a significant increment in the drug loading rate. However, 
when the emulsifier increases further, it improves the adsorption capacity on the surface. At this moment, the inter-
face tension decreases continually, and the diameter of the droplets is also changing; when the concentration of the 
emulsifier exceeds the adsorption capacitry on the surface, the decrease of particle size is stopped. Therefore, the 
significant differences existed between 0.4% to1.0%, 0.6% and 1.0% as well as between 0.4% to 1.2% , 0.6% and 
1.2% (p < 0.05), but less difference was apparent between 1.0% and 1.2%. To save energy and lower costs, a 1.0% 
span80 was chosen as the center point in the RSM experiments. 

2.2 Optimization of preparation parameters. 
The regression equation (equation1) was built by using software Design-Expert v.6.0. The equation describes an 

empirical relationship between the drug loading and those test variables(X1: W/O ratio, X2: Span80 concentration, 
X3: ODP addition) in coded units 

Y = 7.66 - 0.076 X1 + 0.12 X2 + 0.43 X3 - 0.09 X1 X2 + 0.12 X1 X3 - 0.89 X2 X3- 0.16 X1
2 - 0.26 X2

2 - 0.73 X3
2 (1) 

The experimental predicted values for drug loading can be calculated with the regression equation. As shown in 
Tab.1, there is a good concordance of the predicted values with the experimental values. Meanwhile, the total de-
termination coefficient (R2) was 0.9922 (showed in Tab.2). The closer this value to 1, the more reasonable fit be-
tween the model and the experimental data. 

The Adeq precision of the model was 28.331. As a general rule, the fit rate of the predicted values and the expe-
rimental values can be explained well if its Adeq precision greater than 4. 

As the result of the analysis of variance, the model had a very low p-value (p < 0.0001), pointed out that the 
model was highly significant. Meanwhile, the high p-value (p =0.8231) on lack of fit  indicated the failure of the 
model was not significant and the equation was adequate. The coefficient of variation (CV) was relatively low 
(0.99%), suggested a high precision of the experiments and a reasonably reproduction of the experiments can be 
carried out. 

Table 1. Box-Behnken design matrix and the response values for drug-loading rate 

Standard 
order 

W/O ratio 
(X1, %) 

span80 concentra-
tion(X2, %) 

ODP addition 
(X3, mg/mL) 

Drug loading rate (%) 
Experimental(Y0) Predicted(Y1) Y0- Y1 

1 1:3 0.8 10 7.11 7.11 0.00 
2 1:5 0.8 10 7.05 7.14 -0.09 
3 1:3 1.2 10 7.62 7.53 0.09 
4 1:5 1.2 10 7.2 7.20 0.00 
5 1:3 1.0 5 6.39 6.43 -0.04 
6 1:5 1.0 5 6.33 6.28 0.05 
7 1:3 1.0 15 7.24 7.29 -0.05 
8 1:5 1.0 15 7.17 7.13 0.04 
9 1:4 0.8 5 6.17 6.13 0.04 
10 1:4 1.2 5 6.32 6.37 -0.05 
11 1:4 0.8 15 6.33 6.98 0.05 
12 1:4 1.2 15 7.18 7.22 -0.04 
13 1:4 1.0 10 7.68 7.66 0.02 
14 1:4 1.0 10 7.64 7.66 -0.02 
15 1:4 1.0 10 7.67 7.66 0.01 
16 1:4 1.0 10 7.7 7.66 0.04 
17 1:4 1.0 10 7.63 7.66 -0.03 
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Table 2. The variance analysis for the response surface experiment 

Source SS Ms F-value Prob > F Significance 

Model 4.44 0.49 98.76 < 0.0001 *** 

X1 0.05 0.05 9.32 0.0185 * 

X2 0.12 0.12 23.08 0.0020 ** 

X3 1.45 1.45 291.16 < 0.0001 *** 

X1 X2 0.03 0.03 6.49 0.0382 * 

X1 X3 0.062 0.062 0.35 0.5735  

X2 X3 3.14 3.14 17.63 0.0040 ** 

X1
2 0.10 0.10 20.46 0.0027 ** 

X2
2 0.29 0.29 58.45 < 0.0001 *** 

X3
2 2.22 2.22 444.25 < 0.0001 *** 

Residual 0.03 0.00    

Lack of fit 0.03 0.01 12.70 0.8231  

Pure error 0.00 0.00    

Cor total 4.47     

* Significant at p< 0.05; ** Significant at p< 0.01; *** Significant at p< 0.001. 
Std.dev=0.071, R2=0.9922, Mean=7.13, Adj R2=0.9821, C.V.%=0.99%, PredR2=0.8857, Adeq precision=28.331 

 
Figure 2. Response surface plots showing the predicted values for the loading rate of ODP-GMS: the effects of two variables 

on the response drug-loading rate (%) with the other variable fixed at 0 (X1: W/O rate (%); X2: Span80 concentration (%); X3: 
ODP addition (mg/mL)). 

 
 
 

a 

c 

b 



Heng Li, Jie Cheng, Fuhua Zeng 
 

 

DOI: 10.26855/ijcemr.2022.10.022 459 International Journal of Clinical and Experimental Medicine Research 
 

Statistical testing of the independent variables was listed in Table 2. The data in the Table 2showed that all the 
linear coefficients (X1, X2, X3), quadratic term coefficients(X1

2 , X2
2 , X3

2) and two cross product coefficients (X1X2 
and X2X3) significantly affected the drug loading rate of ODP-GMS (p< 0.05). Meanwhile, the ODP addition (X3) 
was the major factor affecting the drug loading rate of ODP-GMS with a very low p-values (p< 0.001), followed by 
span80 concentration (X2, p =0.0020) and W/O ratio (X1, p = 0.0185). 

The result of the drug loading rate of ODP-GMS affected by ODP addition, W/O ratio and span80 concentration 
were presented in Figure 2. The figures demonstrated an elliptical contour plot, indicated that there was a perfect 
interaction between the independent variables, while a circular contour plot indicated otherwise. The elliptical con-
tour plot shown in Figure 2a indicated the mutual interactions between the ODP addition (X3) and the span80 con-
centration (X2) were significant. Similarly, Figure 2b revealed the significant mutual interactions between the 
span80 concentration (X2) and the W/O ratio (X1). Figure 2b illustrated the span80 concentration (X2) and W/O 
ratio (X1) had a quadratic effect on the yield. As shown in Figure 2c, when the span80 concentration (X2) was fixed 
at zero level, the ODP addition (X3) demonstrated quadratic effects on the drug loading rate. The results agree with 
Table 2. 

By employing the Design-Expert software, the optimal values for the tested variables were as follows: a W/O ra-
tio of 1/3.67, a span80 concentration of 1.06%, and an ODP addition of 11.47 mg/mL. Studies regarding the prepa-
ration of ODP-GMS could not be found, but similar studies using other materials had been reported. The optimal 
values for the gelatin-ceftiofur sodium microspheres were a span80 concentration of 2%, a gelatin concentration of 
20%, and a W/O ratio of 1/20.Sun[6]revealed that excellent conditions for GMs included a 5% emulsifier, a 10% 
gelatin solution and a 1/5 w/o ratio. The GMS prepared under these conditions had the smallest sizes, the narrowest 
size distribution, the best spherical shape, and superior fluidity. 

2.3 Preliminary characterization of ODP-GMS 

2.3.1. Microsphere morphology and particle size 
Figure 3a,b showed the SEM photographs of the ODP-GMS treated with glutaraldehyde. As a result, spherical 

microspheres with a very smooth and uniform surface were formed. Although a small sinking area on the surface of 
the ODP-GMS microcapsules was observed, the morphology of the microspheres was still considered to be un-
iformly rounded. 

 
Figure 3. Scanning electron micrographs of ODP-GMS and the bell curve distribution of the ODP-GMS diameters. 
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An average particle diameter of approximately 7.24 µm was obtained from the particle size analysis (Angle: 
90.0°; Run Time (s): 200; P.I.: 1.914; Counts/s: 1.71e+06; Baseline Error: 8.15%), revealing a narrow size distribu-
tion and superior homogeneity. Figure 3c showed a typical particle size distribution. Many variables affect the 
mean size and distribution size of GMs, including the drug type, drug concentration, stirring speed, chemical 
cross-linking, heat denaturation, glutaraldehyde concentration/temperature, surfactant addition or absence (Span80), 
and oil type [7]. The particle size of microspheres directly affected the drug release rate, bioavailability, in vivo 
drug distribution and drug targeting. With increased the microsphere particle size, the drug loading rate and the 
drug release rate were reduced [8]. Ina previous study, a linear relationship was observed between the degradation 
rate and the particle size [9]. It means that optimizing the preparation conditions is important. Compared to other 
GMS (95.6~225.4μm in Peng [10]), the particle size of the microspheres in our study was smaller, and the 
drug-loading rate was higher. Therefore, the optimal preparation conditions for the ODP-GMS obtained in our 
study were suitable for further applications. 

2.3.2. Dynamic swelling and in vitro release studies 
Figure 4a shown that by increasing the soaking time from 0.5 to 1 hour, the mean swelling ratio (± SD) increased 

by 13.76 ± 0.42 to 22.81± 0.09. Gelatin microspheres are understood to swell in aqueous environments owning to 
hydration. During the cross-linking procedure, a new polymeric structure was formed by introducing bridges be-
tween polymeric chains. Therefore, the higher cross-linking density, the more tightly of the structure, and the lower 
swelling ratio was observed. Similarly, prolonging the cross-linking time was helpful to make the reaction sufficient 
and increases the degree of cross-linking. As a result, as the cross-linking time periods increased, swelling ratio 
decreased.  Consequently, the swelling ratio of the microspheres could be controlled by varying the amount of 
cross-linking agent used and the duration of cross-linking during the manufacturing process. In our study, 1.5 mL of 
2% glutaraldehyde and 2 hours of cross-linking time were applied. Our preliminary experiments agreed with the 
findings of Genta [11] regarding this choice. 

 
Figure 4. The swelling rate of ODP-GMS after soaking and results for the controlled release in HCl (pH = 1) and PBS (pH = 7.4) 

with ODP-GMS. 

Notable studies have investigated oral delivery of drug by using microspheres [12]. However, microspheres suf-
fers from high solubility in gastric pH 2.0 and low solubility in physiological pH 7.4, which limits its use as a carri-
er in oral delivery of drug. Therefore, we interested in the different of the ODP release profile in the acidic condi-
tions (pH 1.0) and alkaline condition (pH 7.4). Figure 4b showed the drug release profiles of ODP-GMS in PBS 
and HCl. The ODP- GMS displayed a cumulative percentage of ODP release from 12 - 85% over 26 hours in PBS. 
However, the released amount exceeds 95% over 12 hours in HCl. The result suggested that the ODP releasing was 
much faster at pH 1.0 than at pH 7.4. It may be assumed that under acidic conditions (pH 1.0), the introduction of 
H+ leads to weakness of hydrogen bonding interactions within and between peptide chains of gelatin. As a result, it 
is difficult to form micelle structures in gelatin and gelatin is easy to disperse in water. 

The drug release from microspheres is controlled by dissolution and the diffusion of the drug through the micro-



Heng Li, Jie Cheng, Fuhua Zeng 
 

 

DOI: 10.26855/ijcemr.2022.10.022 461 International Journal of Clinical and Experimental Medicine Research 
 

sphere matrix or the microcapsule wall [13]. Gelatin is a proteinaceous biodegradable polymer obtained after a par-
tial hydrolysis of the collagen derived from the skin, connective tissues and bones of animals. Gelatin microspheres 
are biocompatible, easily available and susceptible to macrophage recognition. Therefore, encapsulation with gela-
tin via coacervation phase separation using a temperature change and cross-linking with glutaraldehyde could pro-
long drug release [14]. 

2.3.3. Antioxidative and Free Radical Scavenging Activities of ODP-GMS 
Antioxidants help alleviate stress-induced diseases, inflammatory and cardiac disorders, as well as diabetes mel-

litus and neurodegenerative diseases [4]. The antioxidant properties of polysaccharides are primarily associated 
with their monosaccharide compositions, molecular weights, conformation, among others [15]. Assessing the sca-
venging ability against DPPH radical, hydroxyl radicals, and superoxide radical is an accepted method for measur-
ing the total antioxidant power of a potential antioxidant. To investigate the antioxidant activity of the microspheres, 
free radical scavenging was carried out over different released times. As shown in Figure 4b, the released amount 
exceeds 90% in 24 hours in PBS. Therefore, the release times of 0.5, 12 and 24 hours were chosen. In the present 
study, the ODP-GMS were hydrolyzed in double-distilled water. The filtrate was withdrawn at appropriate time 
intervals and its antioxidant activity were determined. Therefore, in weak acidity condition (pH 5.7) of 
double-distilled water, the ODP has been released rapidly and efficiently before the scavenging activities was car-
ried out. As shown in Table 3, the scavenging power (rate) showed a well dose dependence on the release time in all 
of the assays. The maximum scavenging ability of ODP-GMS occurred at 24 hour, which was closed to the ODP 
control. Consequently, the effect of the preparation process on the antioxidant activity of microspheres was not sig-
nificant. Incomplete extraction of the encapsulated ODP due to structural interactions may contribute to the lower 
antioxidant activity when compared to the ODP control. This assumption was supported by the findings of Rangika 
[16]. Moreover, the similar antioxidant activities of ODP in vivo was found in ours early study [3]. 

Table 3. Radical scavenging activity of ODP-GMS (%, 𝐱𝐱�± s, n =6) 

Time of ODP Released Amount of ODP Released (mg/mL) 
Scavenging Activity (%) 

Hydroxyl Radical DPPH Radical Superoxide Radical 

0.5 h 0.84 ± 0.06 5.64 ± 0.23 10.45 ± 0.10 1.55 ± 0.11 

12 h 4.53 ± 0.29 42.25 ± 0.43 47.38 ± 0.36 52.76 ± 0.29 

24 h 6.50 ± 0.26 57.94 ± 0.54 62.55 ± 0.51 60.46 ± 0.13 

ODP control 7.00 64.43 ± 0.43 63.61 ± 0.55 63.32 ± 0.43 

3. Materials and Methods 
3.1 Materials. 

Span80 and liquid paraffin were purchased from Fine Chemical Plant (Guangzhou, China). Glutaraldehyde and 
Gelatin were received from the Sinopharm Chemical Reagent Beijing Co., Ltd (Beijing, CHINA). The other chem-
icals used were reagent grade unless otherwise stated. 

3.2 Methods 

3.2.1. Extraction and purification of ODP 
Fresh tender Opuntia dillenii Haw. cladodes of uniform shape and maturity were collected from Donghai Island, 

Zhanjiang, Guangdong Province, China. ODP was obtained from Opun-tia dillenii Haw. aqueous extracts by low 
pressure chromatography as described previously [17]. 

3.2.2 Preparation of microspheres 
Microspheres were produced with the thermal gelation technique as previously described by Lupo [18]. Briefly, 

Gelatin microspheres containing ODPs were prepared by coacervation phase separation method with a temperature 
change. Gelatin was dissolved into water previously heated to 60℃. After cooling to ambient temperature, ODPs 
was dispersed in the above gelatin solution and stirred overnight to obtain a homogeneous solution. The dispersion 
was then poured dropwise into the oil phase, which containing liquid paraffin, an emulsifier Span80, at 60℃. The 
mixture was stirred for 5 minutes to ensure uniform dispersion. The temperature of the system was lowered down 
to 5℃ using an ice bath with continuous stirring to facilitate phase separation. The dispersion was stirred for 3 
hours at 5℃. At the end of the first hour, 1.5 mL of cross-linkers (glutaraldehyde) was added to the dispersion and 
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the stirring was continued for 2 hours. Stopped the stirring after 3 hours and the dispersion was refrigerated at 0℃ 
for 2 hours to ensure rigidification of the microspheres. After this crosslinking procedure the microspheres were 
filtered and washed quickly with acetone at 5℃ and vacuum-dried (10 mmHg) for at least 24 hours. The washed 
microspheres were collected and stored in a desiccator for use in further studies. The ODPs-free microspheres were 
prepared in the same way while replacing the ODPs with distilled water. 

3.2.3. Experimental design of RSM 
The preparatory parameters were optimized using RSMwith a three-level, three-variable Box-Benhnken. The 

range and center point values of tindependent variables presented in Table 1 were based on the results of sin-
gle-factor experiments. Drug loading the rate (%, w/w) was selected as the response for the 17 experimental points 
given in Table 4. 

Table 4. Independent variables and their levels used for the BBD design 

Independent Variables 
Levels 

-1 0 1 

X1: W/O ratio(v/v) 1:3 1:4 1:5 

X2: Span80 concentration(%, v/v) 0.8 1.0 1.2 

X3: ODP addition(mg/mL) 5 10 15 

3.2.4 Analysis of ODP-GMS characterization 
Determination of the drug-loading rate. The amount of ODP loaded in the microspheres was carried out using 

the drug uptake method. Dried microspheres (10 mg) was allowed to swell in 10 mL deionised water at 90℃ for 4 
h under backflow. Followed, the solution was centrifuged again (12,000×g, 20 min) for purity. The supernatant was 
determined spectrophotometrically at the wavelength of 482 nm. The drug-loading rate, expressed as percentage, is 
defined as the ratio of the mass of ODP encapsulated within the microspheres to the total mass of microspheres. 

Particle size measurement. The diameter and size distribution of the microspheres were measured with a laser 
particle sizer (Mastersizer N5, Beckman, America). The average particle size was expressed as the volume mean 
diameter in µm. 

Microsphere morphological analysis. The morphology of the gelatin microspheres was evaluated using optical 
microscopy (Nikon Diaphot inverted microscope, Tokyo, Japan) and scanning electron microscopy (SEM) (360 
Stereoscan Cambridge Instruments Ltd, Cambridge, UK). The samples were fractured in absolute ethyl alcohol, and 
the fractured surfaces were sputtered with a layer of gold to eliminate discharge effects before they were observed. 

Determination of the swelling ratio. The microspheres were left in double distilled water (swelling medium) over 
60 min to reach maximum swelling and then to be assessed the diameters by volumetric measurements at appropri-
ate time intervals. The swelling ratio was calculated from the swollen particle volume to that of the dry particles by 
measuring the diameter of the gelatin microspheres and assuming a spherical geometry of particles according to 
Equation (2). 

Swelling rate (%) =(Vs - Vd )/ Vd × 100%                       (2) 
where Vsand Vd arethe volume of the swollen microspheres and the dried microspheres, respectively. 
In vitro release studies. The dissolution tests were enacted in 10 mL of PBS (pH = 7.4) and HCl (pH = 1), re-

spectively. All experiments were carried out under continuous magnetic stirring (100 r/min) at 37 ± 0.5℃ using 100 
mg of ODP-GMS.  After different lengths of time (0-24h), the ODP content in the solution was measured by the 
phenol-sulfuric acid method using D-glucose as a standard. Sample solution (2.0 mL) was mixed with 0.5 mL of 
phenol (5%) and 5mL of sulfuric acid (98%). After standing for 20 min, the absorbance at 490 nm was recorded 
and the ODP content was then calculated. All experiments were performed independently in triplicates, and the re-
sults were accepted within 3.5% error. The average values were reported in the figures and the results were reported 
as Mean ± 3.5% Standard Error. 

3.2.5 Assay of antioxidant activity 
Extraction of ODP from ODP-GMS.The ODP-GMS (1.000 g) were hydrolyzed in 10 mL of double-distilled wa-

ter at 37℃. The filtrate was withdrawn at appropriate time intervals and the ODP concentration and its antioxidant 
activity were determined. ODP extracted from fresh Opuntia dillenii plants was applied as the control. 

Assay of scavenging activity on 1,1-Diphenyl-2-picrylhydrazyl radical (DPPH).The scavenging activity against 
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DPPH free radicals was measured using a reported method with some modifications [17]. The concentration range 
of ODP-GMS filtrate were 0, 0.8, 1.6, 2.4, 3.2, 4.0, 4.8, 5.6, 6.4 mg/mL. The scavenging effect on DPPH free radi-
cal was calculated using the formula: 

Scavenging activity (%)= i j

o

-
1- 100%

A
A A

×                              (3) 

Where Ao is the absorbance of the control (50% alcohol instead of sample solution), and Aj is the absorbance of 
the sample under identical conditions as Ai with 50% alcohol instead of DPPH solution. 

Assay of hydroxyl radical scavenging activity. The hydroxyl radical scavenging activity was measured with the 
method reported by Li [17] with a minor modification. The amount of ODP-GMS added was 1.0 mL. The sca-
venging activity against •OH was calculated with the following equation. 

Scavenging activity (%) = (Aa –As) / (Ao – As) × 100%                  (4) 
where Aa is the absorbance of the sample, As is the absorbance of the control (deionized water instead of sample 

solution), and Ao is the absorbance of the deionized water replacing H2O2 and sample in the assay system. 
Assay of superoxide anion free radical scavenging activities. Thesuperoxide anion free radical scavenging activ-

ity was measured using the method reported by Li [17] with slight modifications. The autoxidation rate of the tested 
sample was assessed with 1 mL of ODP-GMS filtrated solution and 4.2 mL of deionized water. The scavenging 
effect against the superoxide anion free radicals (%) was calculated according to the following equation: 

Scavenging activity (%) = (A – Ai) / A × 100%                         (5) 
Where A is the autoxidation rate of pyrogallol; Ai is the autoxidation rate of pyrogallola and sample. 

4. Conclusion 
In this study, gelatin microspheres crosslinked with glutaraldehyde were prepared and investigated to assess their 

potential as a sustained delivery system for antioxidant drugs. Different concentrations of the emulsifier, ODP con-
tents and the water/oil ratio were investigated to determine the drug loading rate and obtain the optimal conditions 
for preparation. All three variables strongly affected drug loading rate. The optimal conditions obtained by RSM for 
the ODP-GMS were: 1 to 3.67 W/O ratio, 1.06% emulsifier, and 11.47 mg/mL ODP. Under these conditions, drug 
loading rate reached 7.756%, and the particle diameters were approximately 7.24 μm, with a normal distribution 
curve. Furthermore, we prepared microspheres with an appropriate drug release profile by using these conditions. 
The ODP-GMS prepared under these optimal conditions had strong scavenging activity against three types of 
free-radicals (DPPH radical, hydroxyl radicals and superoxide radical). The antioxidant capacity over a 24 hours 
release should no difference from the same quantity of fresh ODP. These results demonstrated that the ODP was 
suitable as a natural plant-derived drug and functional food for the antioxidants. The drug loading rates and drug 
release rates data supportted the potential adjuvant efficacy of gelatin microspheres. Therefore these encapsulating 
methods is a promising technique for nutraceutical and drug applications of ODP. More studies have to be done to 
found the antioxidant activity of ODP-GMS in animals. 
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