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ABSTRACT 

 

The aim of this study was to optimize the use of Ca-Alginates beads as a drug reservoir in the patch system with 

and without freeze-drying process. Meloxicam, an anti-inflammatory non-steroidal drug, was used as a drug 

model. Ca-alginate beads were prepared by ionic gelation method using polymer alginate and cross-linker CaCl2. 

The beads were evaluated for its melting temperature, FTIR spectra, and entrapment efficiency. The FTIR study 

showed the loss of guluronic peaks of alginate caused by a cross-linking process with Ca2+, characteristics peaks 

of meloxicam still appeared indicating the compatibility of the drug with the polymers used. The using Ca-alginate 

beads without freeze-drying process as a drug reservoir resulted in a very wet patch that was difficult to dry, 

cracked surface, and pharmaceutically not acceptable. Meanwhile, patch using Ca-alginate beads with the freeze-

drying process as a drug reservoir demonstrated satisfactory characteristics with minimum weight variation among 

the patches that lead to giving uniformity in the drug content. 
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INTRODUCTION 

 

Background 

 

Ca-alginate beads formed of complexation of polymer alginate with ca2+ cation. Alginate is a natural 

polymer derived from brown algae that widely used in food, biomedical, and pharmaceutical applications because 

of its biocompatible and biodegradable properties. Ca-Alginate beads or Alginate hydrogels were safe and cheap 

to prepare and can be used in a variety of applications. Ca-alginate beads have been used for drug delivery such 

as the parenteral delivery of chemotherapeutics and topical drug applications such as wound healing dressings(1). 

Ca-alginate beads may act as not only the drug transporters but also the reservoir that releases an active ingredient 

over an extended period of time to maintain effective drug concentration in the skin and at the same time, reducing 

undesired side effects(2). 
Meloxicam (4-hydroxy-2-methyl-N-(5-methyl-2-thiazoyl)-2H-1, 2-benzothiazine-3-carboxamide-1, 1-

dioxide) is a non-steroidal anti-inflammatory drug (NSAID) that shows efficacy for reducing pain and 

inflammatory symptoms and has definite activity in treating osteoarthritis, rheumatoid arthritis and ankylosing 

spondylitis (3). Meloxicam inhibits the cyclooxygenase-2 (COX-2) isozyme and shows similar efficacy but lower 

toxicity than the other NSAIDs (4,5). 

Meloxicam has low toxicity for oral administration but it can cause frequent gastrointestinal side effects 

such as gastrointestinal perforation and ulceration and/or bleeding. Meloxicam 15 mg for 14 and 28 days had 

higher endoscopy scores compared to 7.5 mg meloxicam, suggesting that long-term therapy and high doses of it 

can induce more significant gastrointestinal side effects (6). So, it required an alternative route which could avoid 

the disadvantages.  

One promising method is to deliver drug via skin (Transdermal). Transdermal drug delivery system 

(TDDS) is an innovative technique for the application on the skin to achieve local and or systemic effects. It has 

several advantages over other routes of drug delivery like provides convenient and painless, enhanced and 

controlled therapeutic responses and avoid adverse effects of oral administration(7). So it can deliver a drug 
directly to the disease site in order to maximize local effects with minimum systemic activity. 
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The aim of this study was to optimation the use of Ca-Alginate beads as a drug reservoir in the patch system 

for an anti-inflammatory drug that can achieve sustained release anti-inflammatory activity. Moreover, to provide 

a transdermal dosage form which able to reduce the frequency of dosing so that it can be applied to other drugs 

that have a short half-time. 

 

METHODS 

 

The calibration curve was prepared with phosphate buffer saline pH 7.4 in the concentration range 1-10 

µg/ml. The absorbance was measured at 363 nm using Uv-Vis spectrophotometer and recorded, then 

concentration vs absorbance values was plotted. Ca-Alginate beads were prepared using the ionotropic gelation 

technique. Meloxicam was dispersed in an aqueous solution of 1% w/v sodium alginate with continuous stirring. 

The polymer-drug solution was sprayed into a beaker containing 4% w/v solution of calcium chloride with 

continuous stirring at 1000 rpm. Beads were collected/filtered using Whattman filter paper and washed out using 

aqua demineralized. Ca-alginate beads that have been washed can be directly applied over the backing layer as a 

drug reservoir and dried using an oven for 4 hours, then the HPMC polymer as rate controlling membrane was 

applied to it and dried again for 2 hours.  

Other formulas were made with the same method but undergo a freeze-drying process after washing and 

resulted in a dry powder ca-alginate beads form. The Ca-alginate beads powder then dispersed in HPMC solution 

formed a patch similar to a microreservoir type patch.  

Ca-alginate beads were evaluated for its melting temperature, FTIR spectra and entrapment efficiency 

meanwhile the patches were examined visually and inspected for smoothness, color, and odor. Moisture content 

was determined by placed patches in a desiccator containing silica as a desiccant and weighing each patch 

individually each every 30 minutes. Percent moisture loss is a measure of moisture content. Drug content 

evaluated by dissolved patches in a phosphate buffer saline pH 7.4. The solutions were stirred for 7 h and filtered. 

Meloxicam concentration was determined using Uv-Vis spectrophotometer against a blank prepared similarly 

without meloxicam.  
 

RESULTS 

 

Calibration Curve of Meloxicam 

 

A standard curve ranging from 1-10 μg/ml with phosphate buffer saline pH 7.4 at 363 nm was found to be 

linear with y=0.0549x and R2=0.9994 as shown in Figure 1. 

 

 
Figure 1. Standard calibration curve of meloxicam. 
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Wet Ca-Alginate Beads and Dry Powder Ca-Alginate as a Drug Reservoir 

 

The appearance of wet ca-alginate beads and dry powder ca-alginate was shown in figure 2 and figure 3 as 

well as the appearance of the patch while using wet ca-alginate beads and dry powder ca-alginate as a drug 

reservoir 

  

 

         

  
(a) (b) 

 

 

Figure 2. Wet Ca-alginate beads (a) and Patch using wet Ca-alginate beads as a drug reservoir (b). 

 

 

 

 

 

        

 
  

(a) 
(b) 

 

Figure 3. Dry powder Ca-Alginate beads (a) and Patch using dry powder Ca-Alginate beads as a drug reservoir. 

 

 

Drug-polymer interaction study 

 

The FTIR study and melting temperature (DTA) only carried out on dry powder ca-alginate beads. The 

FTIR and DTA study were presented in figure 4 and figure 5.  
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Figure 4. IR spectra of : (A) pure meloxicam; (B) meloxicam-loaded Ca-alginate beads; (C) alginate. 

 

Organoleptic, weight and moisture content of Patch using dry powder Ca-Alginate beads as a drug 

reservoir 

 

Organoleptic, weight and moisture content of patch using dry powder Ca-alginate beads as a drug reservoir 

were shown in table 1.  

 

 

Table 1. Organoleptic observation, weight and moisture content of meloxicam patch using dry powder Ca-

alginate beads as a drug reservoir. 

 

Replication Shape Color Odor Weight (mg) Moisture content (%) 

I 
Thin, slightly stiff, smooth 

surface texture 
Yellow Odorless 850 8.8 

II 
Thin, slightly stiff, smooth 

surface texture 
Yellow Odorless 907 8.4 

III 
Thin, slightly stiff, smooth 

surface texture 
Yellow odorless 909 9.0 

Average    889 8.7 

SD    0.032 0.33 

 

Drug Content 

 

Drug content of patch using dry powder Ca-alginate beads as a drug reservoir were shown in table 2.  

 

 

Table 2. Drug content of meloxicam reservoir type patches. 

 

Replication Drug content (%) Average (%) SD 

I 96.37 

96.37 0.14 II 97.28 

III 95.46 
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DISCUSSION 

 

Meloxicam-loaded Ca-alginate beads were successfully prepared by ionotropic gelation method. Although 

only carried out on dry powder Ca-alginate beads, from the FT-IR spectra of the pure drug and polymer and 

meloxicam-loaded Ca-alginate beads we knew that there was interaction characterized by the shifts of wavelength 

and loss of guluronic fingerprint of Na-alginate caused by cross-linking reaction with CaCl2. DTA thermogram 

(not displayed) of pure drug, polymer, and meloxicam-loaded Ca-alginate beads showed a sharp peak of melting 

temperature about 255,6 C for meloxicam, 193 C for alginate, but no related peak was observed for meloxicam-

loaded Ca-alginate beads formulation. These result suggested that drug was totally entrapped in polymer and there 

was a new system formed that has a new melting temperature (165 C). 

From figure 2 we knew that the using Ca-alginate beads without freeze-drying process (wet Ca-alginate 

beads) as a drug reservoir resulted in a very wet patch that was difficult to dry, cracked surface, and 

pharmaceutically not acceptable. The patch takes a long time to dry and when it was dried, the surface was cracked 

and rough. Therefore, the next optimization was only done by using Ca-alginate beads which have been through 

a freeze-drying process.  

All patches showed a yellow color due to meloxicam color. There were no significant differences between 

replication 1, 2, and 3 in visual observation as well as the weight and moisture content value. Moisture content 

value of the patches was found to be slightly larger than expected, it was difficult to lower the moisture content 

value because the patch will be very rigid. There was no problem with this because the patch also required a 

certain amount of water to increase the hydration of the skin.  

The Drug content result were shown in table 2. Based on one-way ANOVA, there were no significant 

differences in drug content between the replication (p > 0,05). Maybe the good content uniformity between the 

replication formula due to minimum weight variation among the patches that lead to giving uniformity in the drug 

content. These results indicated that the use of dry powder Ca-alginate beads as drug reservoir has the potential 

to formed a patch with minimum weight variability and uniform drug content. 

 

CONCLUSION  

 
A dry powder Ca-alginate beads were can be used as a drug reservoir for patch system. The drug can be 

trapped well in the system and the patches demonstrated satisfactory characteristics with minimum weight 

variation among the patches that lead to giving uniformity in the drug content. 

 

REFERENCES 

 

1. Patel MA, AbouGhaly MHH, Schryer-Praga JV, Chadwick K. The Effect of Ionotropic Gelation Residence 

Time on Alginate Cross-linking and Properties. Carbohydrate Polymers 155. 2017;362-371.  

2. Atefeh S, Narmada GY. Formulation and Evaluation of Topical Dosage Form Containing Microspheres for 

Model Anti Inflammatory Drug.  Indo American Journal of Pharmaceutical Research. 2017. 

3. Degner F, Sigmund R, Zeidler H. Efficacy and Tolerability of Meloxicam in an Observational, Controlled 

Cohort Study in Patients with Rheumatic Disease. Clin Ther. 2000; 400-410. 

4. Pairet M, van Ryn J, Schierok H. Differential Inhibition of Cyclooxygenases-1 and -2 by Meloxicam and its 

4’-isomer. Inflamm Res. 1998; 270-276. 

5. Senna GE, Passalacqua G, Dama A. Nimesulide and Meloxicam are a Aafe Alternative Drugs for Patients 

Intolerant to Nonsteroidal Anti-inflammatory Drugs. Eur Ann Allergy Clin Immunol. 2003; 393-396. 

6. Patoia L, Santucci L, Furno P. A 4-week, Double-blind, Parallel-group Study to Compare the Gastrointestinal 

Effects of Meloxicam 7.5 mg, Meloxicam 15 mg, Piroxicam 20 mg and Placebo by Means of Faecal Blood 

Loss, Endoscopy and Symptom Evaluation in Healthy Volunteers. Rheumatology. 1996; 61–67. 

7. Ah, Young-Chang, Choi JK, Choi YK, Ki HM, Bae JH. A Novel Transdermal Patch Incorporating Meloxicam: 

In Vitro and In Vivo Characterization. International Journal of Pharmaceutics. 2010; 12–19. 

8. Alam MDI, Alam N, Singh V, Alam MDS, Ali MDS, Anwer T, Safhi MM. Type, Preparation and Evaluation 

of Transdermal Patch: A Review. World Journal of Pharmacy and Pharmaceutical Sciences. 2013;2(4):2199-

2233. 

9. Chen J, Gao Y. Strategies for Meloxicam Delivery to and Across the Skin: A Review. Drug Delivery. 

2016;23(8). 

10. Chen ZZ, Niu J, Chong YS, Huang YF, Chu Y, Xie SY, Jiang ZH, Peng LH. Porous Microspheres as 

Promising Vehicles for the Topical Delivery of Poorly Soluble Asiaticoside Accelerate Wound Healing and 

Inhibit Scar Formation in Vitro & in Vivo. European Journal of Pharmaceutics and Biopharmaceutics. 2016; 

109:1-13. 



Health Notions, Volume 2 Number 9 (September 2018)                                                                             ISSN 2580-4936 
 

951 | Publisher: Humanistic Network for Science and Technology                               
 

11. Kumar JR, Muralidharan S, Parasuraman S. In Vitro and In Vivo Evaluation of Microspheres Loaded Topical 

Gel Delivery System of Ketoconazole in Male Rats against Candida glabrata. Journal Pharmaceutical 

Sciences & Research. 2010;6(11):378-381. 

 


