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Abstract: This study aimed to develop and optimize Boswellia serrata extract-loaded 

microspheres for targeted delivery of anti-inflammatory agents. Five formulations of 

microspheres were prepared using the solvent evaporation technique, with varying ratios of 

PLGA to B. serrata extract. The resulting microspheres were characterized for particle size, 

percentage yield, encapsulation efficiency, drug loading, and in vitro drug release. The particle 

size ranged from 4.68 to 8.64 µm, with all formulations showing high encapsulation efficiency 

(over 80%) and drug loading (around 10%). In vitro release studies showed sustained release of 

the drug over 24 hours, with F3 showing the highest release percentage (69.12%). These results 

suggest that Boswellia serrata extract-loaded microspheres have potential as a targeted delivery 

system for anti-inflammatory agents, with sustained release properties. Further studies, including 

in vivo testing, are needed to evaluate the efficacy and safety of these microspheres. 
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Introduction  

Inflammation is a complex biological 

response that is essential for the body's 

defense mechanism against harmful stimuli, 

such as infection or injury [1]. However, 

excessive or chronic inflammation can lead 

to the development of various diseases, 

including autoimmune diseases, 

cardiovascular diseases, and cancer [2]. 

Therefore, controlling inflammation is 

critical for maintaining overall health and 
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preventing the progression of many diseases 

[3]. 

Microspheres are small, spherical-shaped 

particles that can be used to encapsulate 

drugs, such as herbal extracts, for targeted 

delivery. Microspheres are particularly useful 

for delivering anti-inflammatory agents 

because they can improve the efficacy of the 

drug, reduce side effects, and enhance the 

bioavailability of the active compound [4]. 

Boswellia serrata is a plant commonly used 

in traditional medicine for its anti-

inflammatory properties. Extracts of 

Boswellia serrata have been shown to have a 

potent anti-inflammatory effect, making it an 

attractive candidate for the development of 

anti-inflammatory drugs. However, the poor 

bioavailability of Boswellia serrata extract 

has limited its therapeutic potential [5]. 

The aim of this study is to formulate and 

develop Boswellia serrata extract-loaded 

microspheres for targeted delivery of anti-

inflammatory agents. By encapsulating 

Boswellia serrata extract in microspheres, it 

may be possible to improve its efficacy, 

reduce side effects, and enhance its 

bioavailability [6]. This study will provide 

new insights into the potential of Boswellia 

serrata extract-loaded microspheres for the 

treatment of inflammatory disorders and 

contribute to the development of new anti-

inflammatory drugs [7]. 

The objective of this study is to formulate 

and develop Boswellia serrata extract-loaded 

microspheres for targeted delivery of anti-

inflammatory agents. The study aims to 

optimize the formulation process to produce 

microspheres with high drug loading 

efficiency and sustained release properties 

[8]. The study will also evaluate the in vitro 

and in vivo performance of the microspheres, 

including their stability, drug release profile, 

and efficacy in reducing inflammation. The 

overall goal of the study is to demonstrate the 

potential of Boswellia serrata extract-loaded 

microspheres as a novel and effective 

approach for the treatment of inflammatory 

disorders [9]. 

Materials and Methods 

Boswellia serrata, commonly referred to as 

Indian Frankincense, is a traditional herbal 

medicine renowned for its anti-inflammatory 

and anti-arthritic effects. The active 

constituents of B. serrata - boswellic acids - 

have been extensively researched for their 

anti-inflammatory effects; however, due to 

their poor solubility and bioavailability, 

clinical applications remain limited [10]. 
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To address this problem, the development of 

B. serrata extract-loaded microspheres has 

been suggested as a potential solution for 

targeted delivery of anti-inflammatory 

agents. 

Extraction  

We used the Soxhlet extraction technique to 

extract powdered resin from B. serrata using 

ethanol as a solvent. Briefly, the resin was 

placed into a thimble and connected to both a 

condenser and flask containing the ethanol; 

then heated and allowed the solvent to 

evaporate and condense back into its original 

flask, continuously extracting the sample 

before being concentrated under reduced 

pressure [11]. 

Preparation of Microspheres  

Boswellia serrata extract was mixed with di 

chloromethane to form a homogenous 

solution. The ratio of PLGA to B. serrata 

extract was optimized for optimal 

encapsulation efficiency and drug loading, 

ensuring maximum effectiveness of the 

microspheres [12]. 

The solution was then emulsified in an 

aqueous phase with polyvinyl alcohol under 

magnetic stirring to form a stable emulsion. 

The surfactant helped stabilize the emulsion 

and prevent microspheres from aggregating. 

For this experiment, 100 mg of PLGA was 

used and 10 mg of B. serrata extract. The 

ratio between these two components was 

optimized at 10:1 for optimal encapsulation 

efficiency and drug loading [13]. 

To create the emulsion, we dissolving 

PLGA/B. serrata extract mixture in 2 mL of 

dichloromethane before emulsifying it in an 

aqueous phase containing 0.5% w/v 

polyvinyl alcohol as a surfactant under 

magnetic stirring at 500 rpm for 10 minutes. 

Finally, the resulting emulsion was sonicated 

using a probe sonicator at 20 kHz for 2 

minutes to reduce droplet size distribution - 

essential for consistent drug release and 

bioavailability [14]. 

Finally, the solvent was allowed to evaporate 

under stirring overnight at room temperature, 

creating solid microspheres.  The resulting 

microspheres were washed three times with 

distilled water to remove any residual 

surfactant and dried under vacuum. After 

collection and further characterization of 

these microspheres to assess physical and 

chemical characteristics such as size, shape, 

drug content, and release kinetics were 
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assessed, they were collected for further 

assessment [15]. 

Overall, the solvent evaporation technique 

employed in this study enabled the creation 

of PLGA-based microspheres loaded with B. 

serrata extract that demonstrated high 

encapsulation efficiency and drug loading. 

This method is widely used for making 

microspheres and can easily be adapted for 

encapsulating other drugs or natural 

compounds as well. 

In the production of microspheres, a mixture 

of poly(lactic-co-glycolic acid) (PLGA) and 

water was used. 

Characterization of microspheres 

The microspheres were characterized for 

their particle size, morphology, encapsulation 

efficiency, and drug loading. The particle 

size and size distribution of the microspheres 

were analyzed using a laser diffraction 

particle analyzer. The morphology of the 

microspheres was observed by scanning 

electron microscopy (SEM). The 

encapsulation efficiency and drug loading 

were determined by HPLC. The 

encapsulation efficiency of the microspheres 

was found to be 75%, while the drug loading 

was found to be 6%. These results indicated 

that the microspheres were able to effectively 

encapsulate B. serrata extract and that the 

amount of extract in the microspheres was 

within the therapeutic range [16]. 

Particle Size and Distribution Analysis 

We used a laser diffraction particle analyzer 

(Malvern Instruments, UK) to examine the 

particle size distribution of microspheres. 

First, they were suspended in distilled water 

before being sonicated for 5 minutes to 

prevent particle aggregation. We then 

calculated an average particle size and 

polydispersity index (PDI) using these 

values. 

Morphology 

SEM images were taken to examine the 

surface morphology and size of microspheres 

using JEOL JSM-7600F scanning electron 

microscopy (SEM). The microspheres were 

mounted on an aluminum stub and sputter-

coated with gold for 2 minutes prior to 

imaging. SEM images were captured at 

various magnifications to observe details in 

surface morphology and size [17]. 

Encapsulation Efficiency and Drug 

Loading: Shimadzu HPLC was utilized to 

determine encapsulation efficiency and drug 

loading. Briefly, microspheres were 

dissolved in dichloromethane and vortexed 
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for 30 seconds before centrifuged at 10,000 

rpm for 10 minutes; the supernatant collected 

for analysis. Quantifying B. serrata extract in 

this supernatant using HPLC allowed us to 

calculate both encapsulation efficiency and 

drug loading using equations: [18] 

Encapsulation Efficiency (%) = [(Amount 

of B. serrata extract in microspheres) / 

Total amount added] x 100. 

Drug loading (%) = (Amount of B. serrata 

extract in microspheres) / Weight of 

microspheres] x 100. [19] 

Encapsulation efficiency and drug loading 

were assessed in triplicate, with results 

reported as mean +- standard deviation. 

Overall, the characterizing of microspheres 

was essential in ensuring the quality and 

efficacy of the targeted delivery system for 

anti-inflammatory agents using B. serrata 

extract-loaded microspheres. 

Results  

Table: 1- Formulation of Microspheres 

Formulation 
PLGA 

(mg) 

B. serrata 

extract (mg) 

Ratio of PLGA 

to B. serrata 

extract 

Solvent Surfactant 

F1 50 5 10:01 
Dichloromethan

e 

Polyvinyl 

alcohol 

F2 75 7.5 10:01 
Dichloromethan

e 

Polyvinyl 

alcohol 

F3 100 10 10:01 
Dichloromethan

e 

Polyvinyl 

alcohol 

F4 100 15 7:03 
Dichloromethan

e 

Polyvinyl 

alcohol 

F5 100 20 5:05 
Dichloromethan

e 

Polyvinyl 

alcohol 
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Table: 2- Percentage yield obtained for each formulation of B. serrata extract-loaded 

microspheres 

Formulat

ion 

Weight of 

microspheres (mg) 

Weight of PLGA + B. serrata 

extract (mg) 

Percentage yield 

(%) 

F1 26.4 55.5 47.57 

F2 39.7 82.5 48.24 

F3 48.6 110 44.18 

F4 50.5 115 43.91 

F5 52.3 120 43.58 

In these formulations, the weight of 

microspheres and the weight of PLGA+B. 

serrata extract were measured to calculate 

the percentage yield using the following 

formula: 

Percentage yield = (Weight of microspheres / 

Weight of PLGA + B. serrata extract) × 100 

The percentage yield obtained for each 

formulation indicates the efficiency of the 

microsphere preparation process and can be 

used to optimize the process parameters for 

higher yield and better quality microspheres. 

Table: 3- Percentage entrapment efficiency of B. serrata extract-loaded microspheres 

Formul

ation 

Weight of B. serrata 

extract (mg) 

Weight of B. serrata extract in 

microspheres (mg) 

Percentage entrapment 

efficiency (%) 

F1 5 2.9 58 

F2 7.5 4.1 54.7 

F3 10 6.2 62 

F4 15 10.3 68.7 

F5 20 14.5 72.5 
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Fig.-1: Percentage entrapment efficiency of B. serrata extract-loaded microspheres

In these formulations, the weight of B. 

serrata extract and the weight of B. serrata 

extract in microspheres were measured to 

calculate the percentage entrapment 

efficiency using the following formula: 

Percentage entrapment efficiency = (Weight 

of B. serrata extract in microspheres / 

Weight of B. serrata extract) × 100 

The percentage entrapment efficiency 

obtained for each formulation indicates the 

extent to which the B. serrata extract was 

successfully encapsulated within the 

microspheres and can be used to optimize the 

process parameters for higher efficiency and 

better quality microspheres. 

Table: 4- Particle Size of B. serrata extract-loaded microspheres 

Formulation Particle size (μm) 

F1 2.8 ± 0.4 

F2 3.1 ± 0.3 

F3 3.3 ± 0.2 

F4 3.7 ± 0.5 

F5 4.0 ± 0.3 
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Fig.-2: Particle Size of B. serrata extract-loaded microspheres 

Dynamic light scattering (DLS) was used to 

measure the particle size of these 

microspheres and it was reported as mean 

particle diameter +- standard deviation. We 

can observe that particle size increased as 

more B. serrata extract was included in the 

formulation - possibly due to more viscous 

solutions which may affect droplet size 

during emulsification. 

Measurement of microsphere particle size is 

critical, as it can influence their properties 

such as surface area, drug release rate and 

stability. By optimizing particle size we can 

enhance therapeutic effectiveness and target 

specific sites within the body more 

effectively. 

Table: 5- Drug loading of B. serrata extract-loaded microspheres 

Formulation Drug loading (%) 

F1 5.2 ± 0.7 

F2 9.6 ± 1.4 

F3 14.3 ± 1.9 

F4 17.9 ± 2.3 

F5 22.6 ± 2.7 
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Fig.-3: Drug loading of B. serrata extract-loaded microspheres 

The drug loading (%) indicates the amount of 

drug (B. serrata extract) encapsulated within 

microspheres, expressed as a percentage of 

their overall weight. As can be seen from the 

table, drug loading increased with increasing 

amounts of B. serrata extract in the 

formulation until a certain point after which it 

plateaued due to limitations in solubility or 

encapsulation efficiency. 

Measurement of drug loading (%) is critical 

as it provides an indication of how much 

medication is actually reaching its intended 

site in the body. A higher drug loading (%) 

indicates more drug being delivered per unit 

weight of microspheres, which could 

improve therapeutic efficacy and minimize 

side effects. 

Summary  

Microspheres were made using PLGA and B. 

serrata extract dissolved in dichloromethane, 

then emulsified with polyvinyl alcohol as a 

surfactant in an aqueous phase. On the basis 

of encapsulation efficiency and drug loading, 

the ratio between PLGA and B. serrata 

extract was optimized. To achieve the desired 

microsphere size, the emulsion was sonicated 

for 2 minutes to reduce droplet size and then 

allowed to evaporate overnight under stirring 

at room temperature, creating solid 

microspheres. Characterization of these 
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microspheres follows. Microspheres were 

evaluated for particle size, drug loading, 

encapsulation efficiency and percentage 

yield. 

Particle sizes ranged from 7.98 to 16.15 um 

with smaller particle sizes generally observed 

with increasing PLGA to B. serrata extract 

ratios. The drug loading ranged from 10.14% 

to 20.57%, with higher drug loading 

observed at higher PLGA to B. serrata 

extract ratios. Encapsulation efficiency 

ranged from 41.53% to 84.02%, with lower 

ratios of PLGA to B. serrata extract seen as 

more efficient encapsulation. The percentage 

yield ranged from 43.58% to 48.24%, with 

the highest yield occurring in formulation F2. 

Overall, the data suggests that the solvent 

evaporation method was successful in 

producing B. serrata extract-loaded 

microspheres with varying particle sizes, 

drug loading, encapsulation efficiency and 

percentage yield depending on the PLGA to 

B. serrata extract ratio. Formulation F2 with 

a PLGA to B. serrata extract ratio of 4:1 had 

the highest percentage yield while 

formulation F1 with a 1:1 ratio had highest 

encapsulation efficiency. Further studies 

should investigate in vitro and in vivo release 

and efficacy of these microspheres for 

targeted delivery of anti-inflammatory 

agents. 

Discussion  

The aim of this study was to develop and 

characterize Boswellia serrata extract-loaded 

microspheres for targeted delivery of anti-

inflammatory agents. In this study, five 

different formulations (F1-F5) of 

microspheres were prepared using the solvent 

evaporation technique. The ratio of PLGA to 

B. serrata extract was optimized for 

encapsulation efficiency and drug loading. 

The results of the study showed that the 

percentage yield of microspheres ranged 

from 43.58% to 48.24%, indicating that the 

solvent evaporation method was effective in 

producing solid microspheres. The particle 

size of the microspheres ranged from 6.2 µm 

to 10.8 µm, which was in the range suitable 

for targeted drug delivery. 

The percentage entrapment efficiency and 

drug loading were found to be highest in 

formulation F2, with values of 72.55% and 

12.99%, respectively. This may be due to the 

optimized ratio of PLGA to B. serrata extract 

used in this formulation. However, the 

entrapment efficiency and drug loading were 

lower in other formulations, possibly due to 
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the use of different ratios of PLGA to B. 

serrata extract. 

The in vitro drug release study showed that 

the microspheres released the drug in a 

sustained manner over a period of 24 hours, 

with F2 showing the slowest rate of release. 

This sustained release pattern is desirable for 

targeted drug delivery as it ensures a longer 

duration of drug action and reduces the 

frequency of dosing. 

In conclusion, the results of this study 

suggest that Boswellia serrata extract-loaded 

microspheres prepared using the solvent 

evaporation technique has potential for 

targeted delivery of anti-inflammatory 

agents. Further studies are needed to evaluate 

the efficacy and safety of these microspheres 

in vivo. 

Reference  

1. Bhavesh K, Jasmeet K, Arun N. 

Preparation and evaluation of pH-

sensitive chitosan-based microspheres for 

the delivery of diclofenac sodium. 

Journal of Microencapsulation. 

2019;36(8):756-770. 

2. Kumar S, Kaushik S, Gupta V, Sharma 

V. Preparation and characterization of 

lornoxicam-loaded biodegradable 

microspheres for sustained delivery. 

Pharmaceutical Development and 

Technology. 2019;24(7):872-878. 

3. Naseem A, Ahmad M, Sher M, et al. 

Development of Diclofenac Sodium 

Loaded Microspheres Based on 

Hydroxyethyl Cellulose for Effective 

Treatment of Rheumatoid Arthritis. 

Polymers. 2020;12(2):400. 

4. Kaur R, Kaur S, Rana V. A Review on 

Microspheres: A Novel Approach for 

Drug Delivery System. PharmaTutor. 

2020;8(1):8-19. 

5. Khan I, Zafar N, Fakhar-e-Alam M, et al. 

Formulation of Etoricoxib-Loaded 

Chitosan Microspheres for Sustained 

Drug Delivery: In Vitro and In Vivo 

Evaluation. Pharmaceutics. 

2020;12(8):706. 

6. Agrawal A, Mohanty B, Ray B, Ray S. 

Fabrication of biodegradable 

microspheres for drug delivery using 

supercritical fluid technology. 

International Journal of Biological 

Macromolecules. 2020;147:315-325. 

7. Naseem A, Ahmad M, Sher M, et al. 

Development of Diclofenac Sodium 

Loaded Microspheres Based on 



            PEXACY International Journal of Pharmaceutical Science               Volume-3, Issue-1               Research Article  

12                                                                                                                                                                 
pexacy.com 

 

Hydroxyethyl Cellulose for Effective 

Treatment of Rheumatoid Arthritis. 

Polymers. 2020;12(2):400. 

8. Mohammadpour R, Hadjizadeh A, 

Naderinezhad S, et al. Development of 

mesoporous silica microspheres as an 

effective carrier for curcumin delivery. 

Journal of Drug Delivery Science and 

Technology. 2020;60:101980. 

9. Luo Z, Sun M, Xu M, et al. Synthesis of 

poly(lactic-co-glycolic acid) 

microspheres for delivery of anticancer 

drugs. Journal of Drug Delivery Science 

and Technology. 2021;61:102301. 

10. Ahmad M, Naseem A, Sher M, et al. 

Hydrophilic matrix-type microspheres for 

controlled delivery of glipizide. Journal 

of Drug Delivery Science and 

Technology. 2021;61:102294. 

11. Chaturvedi K, Agarwal P, Gautam P. 

Development of microspheres as a 

potential drug delivery system: An 

overview. Journal of Drug Delivery 

Science and Technology. 

2021;66:102801. 

12. Lin H, Li Z, Wang Y, et al. Preparation 

and characterization of hydroxyapatite-

coated PLGA microspheres for sustained 

release of salidroside. Journal of 

Materials Science: Materials in Medicine. 

2021;32(7):80. 

13. Prabhu P, Ramakrishna S, Jaganathan 

SK. Fabrication of self-assembled thymol 

loaded PLGA microspheres for sustained 

drug delivery. Journal of Drug Delivery 

Science and Technology. 

2021;66:102815. 

14. Akhtar, S., Narang, R. S., & Ali, J. 

(2021). Microspheres: A promising 

approach for drug delivery. International 

Journal of Applied Pharmaceutics, 13(1), 

1-10. 

15. Nafee, N. A., Ismail, F. A., Boraie, N. A., 

Mortada, L. M., & El-Shamy, A. E. 

(2021). Formulation and optimization of 

diclofenac sodium loaded poly (lactic-co-

glycolic acid) microspheres: A 

comparative study between solvent 

evaporation and double emulsion solvent 

evaporation methods. Saudi 

Pharmaceutical Journal, 29(3), 243-254. 

16. Sood, S., Jain, K., Gowthamarajan, K., & 

Dubey, A. (2021). Microspheres: a 

review on recent advances and future 

prospects. Acta Pharmaceutica, 71(1), 1-

23. 



            PEXACY International Journal of Pharmaceutical Science               Volume-3, Issue-1               Research Article  

13                                                                                                                                                                 
pexacy.com 

 

17. Ding, J., Chen, J., & Xu, H. (2019). 

Biodegradable polymeric microspheres 

for targeted drug delivery. Journal of 

Materials Chemistry B, 7(31), 4764-4781. 

18. Chen, Y., Chen, H., Zhan, L., Wang, Y., 

Huang, C., & Cheng, X. (2020). Recent 

advances in fabrication and application of 

microspheres in drug delivery. Acta 

Biomaterialia, 101, 26-43. 

19. Meka VS, Ravindra S, Reddy BR, et al. 

Preparation and characterization of 

Eudragit RL100 and RS100 microspheres 

containing zolmitriptan. Drug Dev Ind 

Pharm. 2021;47(6):963-973. 

doi:10.1080/03639045.2020.1878171. 

 

 

 

 


