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Abstract
Objective: This study harnessed adriamycin-loaded gelatin microspheres (ADM-GMS) to examine 
their properties and in vitro release characteristics, and explore their effect on human osteosarcoma 
U-20s cell strain and its mechanism.

Methods: ADM-GMS was prepared using the emulsification-crosslinking method. The scanning 
electron microscope was employed to observe the shape of microspheres, and particle size and 
distribution were measured using a laser particle size device. The drug loading rate and encapsulation 
rate were calculated by ultraviolet spectrophotometry, and the drug release performance of the 
microspheres to adriamycin (ADM) was evaluated. The cell counting kit-8 (CCK-8) method was used 
to evaluate the anti-tumor activity of ADM-GMS on human osteosarcoma U-20s cell strain in vitro.

Results: We determined an optimal material ratio of 1:10 for ADM-GMS, with which the 
microspheres showed a round shape and excellent dispersity. The average particle size with the optimal 
material ratio was 14.02±1.67μm, with a drug loading rate of 6.05±0.26% and an encapsulation rate of 
84.27±3.10%. ADM-GMS had excellent sustained-release properties and a significant inhibitory effect 
on the growth of human osteosarcoma U-20s.

Conclusion: ADM-GMS, prepared with a material ratio of 1:1, has a promising slow-release ability 
and an anti-bone tumor effect with a lower Semi-inhibitory concentration. Thus, this ADM gelatin 
delivery system is worthy of further clinical research. However, the detection method in this study 
is simple and weakly supported by clinical trials, and more investigations are required for further 
verification.
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1 INTRODUCTION
Osteosarcoma is the most common malignant 

bone tumor in clinical practice[1]. It mostly occurs in 
adolescents, with a propensity to lung metastasis in 
the early stage and a somber prognosis[2]. In the 1970s, 
patients with osteosarcoma were mostly treated with 
amputation surgery, which is associated with a poor 
postoperative quality of life[3]. With medical advances, 
the use of chemotherapy provides significant survival 
benefits for patients with surgery. Chemotherapy 
after surgical resection is important for limb saving. 
Clinically, the most common chemotherapy regimen 
is high-dose methotrexate, adriamycin (ADM), and 
cisplatin[4,5]. ADM is an efficacious drug for almost all 
malignant tumors and osteosarcomas[6].

While chemotherapy has achieved good results, there 
are serious side effects such as depletion of granulocytes 
and platelets and infection. Due to potential irreversible 
heart failure induced by ADM toxicity, maximum 
ADM dose levels are limited[7]. In addition, it has been 
reported that ADM is associated with poor specificity 
and multiple side effects, such as gastrointestinal 
reactions, cardiotoxicity, and bone marrow suppression, 
and that long-term medication of ADM may result in 
drug tolerance[8,9]. To reduce these side effects, previous 
studies have shown that ADM can be released more 
slowly and safely by using microspheres as drug 
carriers[10]. Therefore, it is essential to develop a novel 
drug that improves the bioavailability and specificity of 
ADM for targeting bone tumors, reduces drug dosage, 
and minimizes toxic side effects.

Because bones are rich in vascular leakage, 
microspheres cannot be used as effective arterial 
embolic agents for osteosarcoma, such as those used 
in the treatment of lung and liver cancer. But studies 
have demonstrated that embedding doxorubicin in 
biodegradable gelatin microspheres ensures slow drug 
release and increases local drug concentration[11-13]. 
Therefore, we designed slow-releasing microspheres to 
deliver doxorubicin (ADM), investigated its physical and 
chemical properties, and examined the effects of drug-
loaded microspheres on human osteosarcoma U-20s cell 
lines. The report is as follows.

2 MATERIALS AND METHODS
2.1 Instruments and Materials

ADM was purchased from Shenzhen Main Luck 
Pharmaceutical Inc. The medical gelatin was purchased 
from Beijing Chemical Reagent Company. The human 
osteosarcoma cell strain U-20s was purchased from the 
Shanghai Institute of Biochemistry and Cell Biology, 
Chinese Academy of Sciences. Fetal bovine serum was 
purchased from Nanjing Shenghang Biochannel Co., 
Ltd. UV2550 UV spectrophotometer was purchased 

from Shimadzu Corporation, Japan. D-800 smart drug 
dissolution apparatus was purchased from Tianjin 
University Radio Factory. S-3000N scanning electron 
microscope was purchased from Hitachi, Japan; RW20 
electric mixer was purchased from IKA. Electric heating 
constant temperature water bath box was purchased from 
Sushazhou Medical Equipment Factory.

2.2 Methods
2.2.1 Preparation of Adriamycin-loaded Gelatin 
Microspheres (ADM-GMS)

The emulsification-crosslinking method was used 
to prepare ADM-GMS. The medical gelatin with a 
concentration of 25% was heated in a water bath at 
50°C until it was completely dissolved, and doxorubicin 
hydrochloride was added and mixed thoroughly in a 
vortex mixer. An appropriate amount of Span-80 was 
added to liquid paraffin and placed in a three-necked 
bottle. Using liquid paraffin in the oil phase as the main 
drug, compound emulsifier A as the emulsifier, and 
formaldehyde as the curing agent, with the temperature 
maintained at 50°C, gelatin solution containing ADM 
was slowly added to liquid paraffin containing compound 
emulsifier A under stirring and emulsified to form a W/O 
emulsion of suitable size. After changing to an ice bath 
and continuing to stir until it cools below 5°C, a 2.0mol/
L NH4OH solution was added to increase the pH value to 
8.5, followed by the addition of formaldehyde for curing. 
The product was dehydrated and filtered with isopropyl 
alcohol, washed 3 times with isopropyl alcohol and 
acetone, filtered, and dried to obtain powdered purple-
red microspheres (Figure 1). 

The XS-18 optical biological microscope was used to 
observe and analyze the apparent shape and size of the 
microspheres. Then, the typical samples were dissolved 
in absolute ethanol, dispersed by ultrasonic, and 
gilded, and the appearance and size of the microsphere 
were observed with a scanning electron microscope. 
ADM-GMS was dissolved in 0.9% NaCl solution, 
ultrasonically dispersed for 6min, and analyzed for 
particle size and distribution using a laser particle size 
meter (Mastersizer 2000 analyzer). For the 722-grating 
spectrophotometer, 482nm was used as the measurement 
wavelength, with the regression equation of: C = 
67.2706A-0.6881, where C is the concentration of ADM 
(pg/mL), A is the absorbance value and r = 0. 9991(n=3).

The in vitro release determination of ADM-GMS was 
performed as follows. The precisely weighed ADM-
GMS was dispersed in 200mL of phosphate buffer with 
a pH of 7.4, and the water bath was maintained at 37°C 
with a stirring speed of 100r/min. 10mL of solution 
was sampled periodically while supplementing with the 
same volume of phosphate buffer. The sample solution 
was centrifugated at high speed for 2min, and 5mL of 
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the supernatant was withdrawn to maintain a constant 
volume. The gelatin microsphere solution operated 
by the same method was used as a blank control. The 
absorbance was measured at 482nm, and the standard 
regression equation was used to calculate the cumulative 
release percentage of the microspheres. The results 
showed that the particle size of the microspheres had a 
good normal distribution. The average particle size of 
each sample was 69.154μm, of which 87.32% of the 
total particle size was in the range of 50-120μm. The 
above test results suggested that ADM-GMS met the 
requirements of arterial embolization for the treatment of 
tumors with a passive targeting function (Figure 2).

2.2.2 Characterization and Particle Size Detection of 
ADM-GMS

A few microspheres were placed on a glass 
slide at room temperature and observed under the 
optical biological microscope and scanning electron 
microscope after adding an appropriate amount of 
liquid paraffin. It could be seen that the microspheres 
are purplish red in color, with smooth and round 
surfaces, good dispersion, and relatively uniform size. 
The ball diameter of 500 microspheres was detected 
under the microscope to obtain the arithmetic mean 
diameter. The particle size of the microspheres to be 
measured = The length when the eyepiece micrometer 
coincides with the stage micrometer / The number of 
grids occupied when the eyepiece micrometer and the 
stage micrometer coincide × The number of grids of 
the eyepiece micrometer occupied by the microspheres 
to be measured.

2.2.3 Detection of Drug Content and Encapsulation 
Rate in Microspheres

The configuration of standard products was as 
follows. 10mg of ADM reference substance was 
weighed and placed in a 100mL volumetric flask to 
prepare a series of concentration solutions, with normal 
saline as a blank control. The elevation rate of pH value 

was slightly faster at the beginning when NH4OH was 
used as the alkali source. After the pH value reached 
about 7, the elevation rate slowed down; therefore, the 
pH value of the final reaction could be stably controlled. 
Ultraviolet spectrophotometry was used to determine 
the concentration of each solution at 570nm. Linear 
regression analysis was performed, and a standard curve 
was drawn to calculate the regression equation, which 
was employed as the basis for determining the drug 
content.

The drug content and encapsulation efficiency in 
microspheres were determined as follows: 20mg of 
ADM drug-loaded microspheres was weighed and 
placed in 50mL of physiological saline, 50mL of acetic 
acid pepsin solution was added, with the temperature at 
37°C without light, and placed in a constant temperature 
shaker for 72h. 1mL of the supernatant was diluted to 
10mL and measured by ultraviolet spectrophotometry. 
According to the standard curve equation, the content 
and encapsulation efficiency of the contained drugs 
were calculated. Encapsulation rate = ADM contained in 
ADM-GMS microspheres/total amount of ADM input × 
100%.

2.2.4 In Vitro Release Curve Detection
20mg of ADM-GMS was put into the sample bottle of 

the drug dissolution apparatus at a temperature of 37°C 
and completely immersed in 100mL of physiological 
saline. 1mL was sampled at certain intervals, with 1mL 
of physiological saline for replenishment. Ultraviolet 
spectrophotometry was used to determine the drug 
spectrophotometric value of each tube, and the release 
amount was calculated according to the standard curve.

2.2.5 Cytotoxicity Test of ADM-GMS
The cell counting kit-8 (CCK-8) method was used 

to determine the cell-killing effect of ADM-GMS and 
naked drug ADM. Human osteosarcoma U-20s cells 
were inoculated, at a density of 5×103cells/well, into 96-

Figure 1. Optimization process and results of ADM-GMS.
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Figure 2. ADM-GMD particle size distribution chart.

Table 1. Physical and Chemical Properties of ADM-GMS

Groups Ratios Form Rate (%)

1 1:5 Irregular, crystalline 72.52±3.26

2 1:10 Smooth and round 84.45±2.77

3 1:15 Smooth and round 86.70±2.12

4 1:20 Smooth and round 89.74±2.96

Table 2. Physical and Chemical Properties of ADM-GMS

Microspheres Average Particle Size (μm) Polydispersity Drug Loading Rate (%) Encapsulation Rate (%)

Blank microspheres 12.11±1.71 0.15±0.02 NA NA

ADM-GMS 
microspheres 14.02±1.67 0.15±0.04 6.05±0.26 84.27±3.10

Figure 3. In vitro release curve of ADM-GMS.

well plates with DMEN high-glycemic culture medium 
containing 10% newborn calf serum. The cells were then 
placed in an incubator containing 5% CO2 and 37°C for 
24h at full humidity. A blank control group was set up, 
with ADM-GMS as the experimental group, ADM naked 
drug as the control group. The experimental group was 
cultured for 24, 48, and 72h after adding a certain dose 
of drugs, and then the cell survival rate was measured 
by the CCK-8 method. The absorbance of each well was 
measured at 490nm with a microplate reader.

2.3 Statistical Processing
SPSS 22.0 statistical software was used to analyze 

the data of this experiment. The measurement data were 
expressed as mean±SD and analyzed using t-test. P<0.05 
indicates that the difference was statistically significant.

3 RESULTS
3.1 Optimal Preparation of ADM-GMS

We set 4 groups of experiments with different material 
ratios to explore the optimal preparation of ADM-
GMS. The physical and chemical properties rates of 

different material ratios of 1:5, 1:10, 1:15, and 1:20 were 
72.52±3.26%, 84.45±2.77%, 86.70±2.12%, 89.74±2.96% 
respectively. The analysis of the characteristics of the 
microspheres prepared with different material ratios in 
each group showed that the best material ratio of ADM-
GMS was 1:10 (drug: carrier) (Table 1). 

3.2 Detection of Drug Loading Rate and Encapsulation 
Rate of ADM-GMS

In this study, the microspheres prepared with a 
material ratio of 1:10 were spherical after being dried and 
pelletized, with a relatively uniform shape and an average 
particle size of (14.02±1.67)μm, which was larger than 
the average particle size of (12.11±1.71)μm in the blank 
microspheres. The measured drug loading rate was about 
6%, and the encapsulation rate exceeded 80%, whereas 
blank microspheres showed no measured drug loading 
rate or encapsulation rate (Table 2). 

3.3 In Vitro Release of ADM-GMS
The in vitro release results of ADM-GMS showed 

that ADM released about 26% in 20min, about 55% 
in 40min, about 78% in 80min, about 88% in 160min, 
and more than 90% in 240min, as shown in Figure 3. It 
confirmed that the microspheres have an obvious slow-
release effect.
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Figure 4. The IC50 of naked drug ADM and ADM-GMS on 
U-20s cells.

Table 3. Effects of Different Concentrations of ADM on the Growth of U-20s Cells (μg/mL, n=6)

Groups 24h 48h 72h

0.5 91.46±5.35 89.89±5.33 71.16±5.29

1 90.27±3.12* 75.22±4.03* 37.13±4.26*

2 89.11±2.32* 50.22±3.38* 22.26±3.78*

4 80.78±2.40* 30.70±3.03* 20.17±3.30*

8 72.82±2.53* 21.58±2.53* 13.17±3.10*

Table 4. Effects of Different Concentrations of ADM-GMS on the Growth of U-20s Cells (μg/mL, n=6)

Groups 24h 48h 72h

0.5 93.46±5.42 78.80±4.63 42.56±4.35

1 90.27±3.12* 58.22±4.13* 28.09±3.16*

2 82.11±2.32* 40.56±3.22* 8.77±2.58*

4 78.64±2.40* 23.70±2.03* 8.68±2.09*

8 69.80±2.53* 20.56±1.97* 7.18±2.10*

Table 5. IC50 Values of Naked Drugs ADM and ADM-GMS at Different Time Points (μg/mL, n=6)

IC50 24h 48h 72h

Naked drug ADM 8.26±2.05 2.86±1.04 2.20±0.78

ADM-GMS 6.05±2.01 2.73±1.04 1.76±0.79

t 2.309 0.265 1.189

P 0.035 0.794 0.252

3.4 Inhibition of ADM-GMS in Vitro
The results demonstrated that both naked drug ADM 

and ADM-GMS have killing effects on U-20s, and are 
time- and concentration-dependent. The ADM killing 
effects on U-20s cells at 5 different concentrations were 
the strongest at 24h, followed by 48h, and gradually 
attenuated at 72h. The ADM-GMS killing effects 
on U-20s cells at 5 different concentrations were 
the strongest at 24h, followed by 48h, and gradually 
attenuated at 72h (Tables 3 and 4). 

After calculating the half inhibitory concentration 
(IC50) of the naked drug ADM and ADM-GMS, it was 
found that the IC50 value of ADM-GMS at each time 
point was lower than that of the naked drug ADM. In the 

comparison of IC50 between the two at 24h, naked drug 
ADM exhibited a higher IC50, as compared to ADM-
GMS (P<0.05). No statistical differences were observed 
at 48h and 72h despite a higher IC50 of Naked drug ADM 
than that of ADM-GMS (P>0.05) (Table 5 and Figure 4). 

4 DISCUSSION
Osteosarcoma originates from mesenchymal cells, 

characterized by early metastasis, high malignancy, 
rapid disease progression, and a high fatality rate[14,15]. 
In recent years, with the improvement of surgical 
techniques and neoadjuvant chemotherapy, the 5-year 
survival rate of patients with bone tumors has increased 
by 40% to 70%. However, studies have revealed that the 
adverse reactions of chemotherapy drugs, bone defects, 
and tumor recurrence after surgery critically hinder the 
physical and mental health of patients[16,17].

ADM is an antitumor antibiotic of the anthracycline 
class, which can prevent the formation of mRNA by 
interfering with the transcription process and produce 
a wide range of biochemical reactions in the body, 
exerting a strong cytotoxic effect[18,19]. Currently, ADM 
has been frequently used in chemotherapy for various 
malignant tumors such as osteosarcoma[20]. However, its 
clinical application is limited due to multiple systemic 
adverse reactions, such as bone marrow suppression, 
cardiotoxicity, heart damage, and gastrointestinal 
adverse reactions. To ameliorate its drug effect, increase 
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its bioavailability, and reduce toxic and side effects, the 
research of new dosage forms of ADM has exerted a 
tremendous fascination on researchers.

Drug-loaded microspheres, as a drug sustained-
release and controlled-release preparation, are a new 
type of drug delivery system that has been studied in 
recent years. The drug offers a long function time and 
no obvious effect on the normal tissues of the body. 
Moreover, gelatin is a non-toxic, low antigenic, and 
biodegradable polymer material. As an embolic agent, 
the gelatin sponge is an ideal drug carrier that has 
been widely used in clinical practice. It will gradually 
degrade and absorb after 2 weeks in the body[21,22]. 
Microspheres refer to tiny spherical entities formed by 
dissolving, adsorbing, and dispersing drugs inside the 
polymer carrier, with a particle size mostly ranging from 
1 to 250μm[23]. At present, the biodegradable polymer 
materials that can be injected into the human body are 
mainly divided into two categories according to their 
sources: natural biodegradable polymers and chemically 
synthesized polymers. Common natural biodegradable 
polymers include chitosan, proteins, and gelatin[24]. 
Gelatin is mainly extracted by hydrolysis of collagen 
in animal skin or bone. Doxorubicin is a sensitive drug 
against malignant tumors, to which osteosarcoma is 
particularly sensitive. Hence, it is feasible to combine 
gelatin and ADM in a certain proportion to prepare drug 
particles. Furthermore, there are no toxic and side effects 
in clinical applications as the preparation is thoroughly 
disinfected and contains no harmful substances. The 
drug microspheres stay in small arteries with a diameter 
of less than 100um, which can substantially prevent 
collateral circulation[25]. Research has demonstrated 
that chemotherapeutic drugs loaded in microspheres 
are released locally in the tumor, with a release time 
as long as 105 days[26]. The high degree of embolism 
results in severe ischemic necrosis of most of the tumor. 
Aseptic inflammation triggered by tumor tissue necrosis 
can stimulate the proliferation of fibrous tissue to 
ensure a more complete tumor pseudocapsule[27]. Thus, 
this regimen can significantly abate or eliminate the 
clinical symptoms. In addition, the gradual degradation 
of gelatin in the body and the slow release of the 
contained doxorubicin maintain the concentration of 
chemotherapeutic agents in the tumor at a consistently 
high level with minimal systemic distribution[28]. 
It demonstrates that microparticle embolization of 
osteosarcoma yields promising outcomes in the 
development of limb salvage surgery. Therefore, in this 
study, gelatin was selected as the carrier of doxorubicin 
microspheres. The physical and chemical properties of 
the drug-loaded microspheres were determined using 
different technical methods and the antitumor effect of 
the drug-loaded microspheres on human osteosarcoma 
cell lines was investigated.

The ADM-GMS prepared in this research showed 
a drug loading rate of about 6%, which is considered 
an excellent drug loading efficiency. Moreover, the 
encapsulation rate in this study exceeded 80%, which 
indicates a promising slow-release effect. Through 
in vitro pharmacodynamic experiments on human 
osteosarcoma U-20s cells, it has been confirmed that 
ADM-GMS microspheres yield positive inhibitory 
effects on osteosarcoma U-20s tumor cells and can 
reduce the concentration of the drug. The analysis of 
its anti-tumor mechanism may be related to the slow-
release properties of gelatin microspheres, such as low 
friction coefficient, good biocompatibility, and natural 
degradation in the body. The biocompatibility of ADM-
GMS and its ability to allow rapid diffusion of molecules 
make them useful for drug delivery, and are based on 
local delivery of chemotherapy drugs, rather than simply 
increasing doses (because, as, since……please put your 
reason but with strong basis). In addition, it may also be 
related to the method gelatin microspheres enter the cell. 
Cells ingest drug-loaded gelatin microspheres through 
high-efficiency endocytosis, and when the concentration 
remains at a low level, it can reach a relatively high 
intracellular drug concentration, thereby effectively 
inducing cell apoptosis[29]. This study preliminarily 
explored the inhibitory effect of ADM-GMS on 
the proliferation of osteosarcoma U-20s cell strain. 
Nonetheless, this study did not conduct in-depth research 
on the molecular mechanism and pharmacokinetics, and 
the detection method was comparatively single. The 
relevant literature references were limited, and more 
methods are to be required to study the inhibitory effects 
of ADM-GMS on bone tumor cells. The limitation of 
this study is that ADM-GMS has not been further studied 
in clinical trials. Experiments will be expanded to obtain 
relevant animal experimental data in future studies. 

5 CONCLUSION
Finding an effective way to bend osteosarcoma 

chemotherapy remains a huge challenge. Here, we 
chose gelatin microspheres to load ADM to achieve 
local release of the drug. ADM-GMS can significantly 
increase the concentration of local drugs and exert anti-
tumor cell effects. Future studies of animal models of 
osteosarcoma are needed to investigate whether ADM-
GMS system can locally kill osteosarcoma cells and can 
support local bone tissue regeneration.
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