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Abstract 
Meloxicam (MLX) is non-steroidal anti-inflammatory, poorly water soluble, highly permeable drug and 

the rate of its oral absorption is often controlled by the dissolution rate in the gastrointestinal tract. Solid dispersion 

(SD) is an effective technique for enhancing the solubility and dissolution rate of such drug. 
The present study aims to enhance the solubility and the dissolution rate of MLX by SD technique by 

solvent evaporation method using sodium alginate (SA), hyaluronic acid (HA), collagen and xyloglucan (XG) as 

hydrophilic natural polymers. 

Twelve formulas were prepared in different drug: polymer ratios and evaluated for their, percentage 

yield, drug content, water solubility, dissolution rate, crystal lattice using powder X-ray diffraction (PXRD) and 

Fourier Transform Infrared Spectroscopy (FTIR) for determination the drug-polymer interaction. 
All the prepared formulas showed improvement of drug solubility except that prepared with HA. The 

best result was obtained with formula SD1 (MLX: SA 1:1) that showed a high percentage yield (97%), high drug 

content (97.4±0.05%) and increase in solubility compared to solubility of pure MLX with improved dissolution 

rate. The PXRD study revealed the conversion of the drug to amorphous form without chemical interaction 

according to FTIR results 
Keywords: Meloxicam, Solid dispersions, Sodium alginate, Hyaluronic acid, Collagen, Xyloglucan.  

 

حامية للمعدةمال بوليمرات طبيعية تعباسالمنتشر لصلب خارج الجسم  للميلوكسيكام اتقييم صييغ وت  
 *و ايمان بكر حازم الخضيري 1، *هبة راضي محسن الحسني

 .فرع الصيدلانيات ،كلية الصيدلة ،جامعة بغداد،بغداد،العراق*
 

 الخلاصة

الصلب المنتشر هو يذوب في الماء ذو نفاذيه عاليه يعتمد سرعه امتصاصه على سرعه تحلله في الجهاز الهضمي.  لاالميلوكسيكام عقار

   قليلة الذوبان لادويةفعالة لتعزيز قابلية ومعدل الذوبان لطريقة 

الجينات الصوديوم, حيث تم استخدام .باستخدام تقنية الصلب المنتشر الميلوكسيام وسرعة تحرر الهدف من هذه الدراسة هو تحسين قابلية الذوبان 

 للماء.بوليمرات طبيعية محبة كحامض الهايلورونك, الكولاجين و الزايلوكلوكان 

، سرعة تحرر قابلية الذوبان في الماء ، محتوى الدواء ،الانتاجية  النسبة وتم تقيمها حسب, ( يوليمر) دواء:مختلفة بنسب  اثنا عشرة صيغةتم تحضير 

 .الناقل والدواءشعة تحت الحمراء لتحديد التفاعل الحاصل بين شعة السينية و مطياف الا، والهيكل البلوري باستخدام تقنية حيود الاالدواء

عدا تلك المحضرة  باستعمال حامض الهايلورونك  ولقد اظهرت النتائج تحسن في قابلية الذوبان للدواء في جميع الصيغ المحضرة بتقنية الصلب المنتشر

( و محتوى دواء %97نسبة انتاجية عالية ) التي اظهرت (1:1جينتات الصوديوم ال:  ميلوكسيكام)  SD1 نتيجة بالصيغة  وتم الحصول على افضل

. كما ان الدواء فقد خاصية التبلور مع تحسن في سرعة تحرر الدواء النقي الميلوكسيكامزيادة في الذوبانية مقارنة بذوبان و( %0.05±97.4)عالي

 .الحمراء تحت الاشعة مطيافبدون تفاعل كيميائي مع البوليمر حسب ما اظهره  السينية الاشعة حيودحسب نتائج 
 .زايلوكلوكان ،كولاجين ،حامض الهايلورونيك  ،الجينات الصوديوم، ر، الصلب المنتشميلوكسكامالكلمات المفتاحية: اال

Introduction 
Drug product solubility can be defined as 

being both quantitative and qualitative. The concept 

of quantitative solubility is the number of gram of 

solute particles required to make a saturated solution 

at certain temperature. While qualitative solubility is 

defined as where two phases are mixed together to 

form a homogeneous solution ( 1). 

It is one of the essential parameters for 

achieving desired drug concentration in systemic 

circulation for the desired pharmacological 

response. Low aqueous solubility is the  main  

problem associated with the development of 

formulations of new chemical entities. Solubility is 

a major challenge for formulation scientist. Any 

drug to be absorbed must be present in the form of 

solution at the site of absorption (2).  
Solid dispersion (SD) is one formulation 

strategy used to improve the bioavailability of 

compounds with poor solubility.  It can be defined 

as a pharmaceutical form in which the drug is 

dispersed in a biologically inert matrix, generally to 

improve the oral bioavailability of the drug by 

improving its dissolution rate in aqueous media (3).  
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Natural polymers have been used in different 

applications due to their desirable characteristics, 

such as abundant availability, biodegradability, and 

renewability. 

These polymers are known to produce less 

toxic effects when compared with synthetic 

polymers and they versatile areas of their 

applications makes them attractive for research and 

development to make them suitable for different 

applications in food and pharmaceutical (4). 

Many natural polymers were used as carriers in the 

preparation of SD to enhance the dissolution rate of 

drug as they are easily soluble in water (5). 

Natural polymers such as collagen, alginates, 
hyaluronic acid xyloglucan are commonly used in 

wound healing because they have beneficial 

properties for this function (6).  

Collagen is a complex protein; the 

biodegradable properties of collagen are of critical 

importance in the natural process of healing wounds. 

Collagen prompts the formation of fibroblasts and 

accelerates endothelial cell migration contact with 

infected tissue (7).  

Hyaluronic acid (HA) is a natural linear 

polysaccharide (8). It is used in medicine for the 

treatment of osteoarthritis, eye and plastic surgery, 

tissue engineering. It  is  also  used  for  drug  

delivery (9,10).   

Sodium alginate (SA) is the sodium salt of 

alginic acid a polyanionic polysaccharides of 

microbial origin It can protect the GIT lining due to 

the gel formation depending on the pH of the 

environment. In the stomach, water penetrates the 

dosage form, initiating surface hydration, leading to 

the formation of a gel layer, which may protect the 

stomach lining (11,12).  

The tamarind seed xyloglucan (XG) is a 

natural neutral hemicellulose (hydrophilic 

polysaccharide), characterized by film-forming 

protective barrier properties, it is a safe non-

pharmacological  alternative  for  the management 

of different diseases such as gastrointestinal 

disorders (13,14) . 

Meloxicam (MLX) chemically known as ” 

4-Hydroxy-2-methyl-N-(5methyl-2-thiazolyl)-2H-

1,2-benzothiazine-3-carboxamide 1,1-dioxide”  ,  

C14H13N3O4S2 as empirical name ,  molecular weight 

of 351.4. MLX has structural formula described in 

Figure 1. 

 

 

 

 

 

 

 

 

 

 

Figure 1.Structural formula of MLX (15) 

Meloxicam is a non-steroidal anti -

inflammatory drug of the oxicam class that acts by 

inhibiting the prostaglandin synthesis, by inhibiting 

prostaglandin synthetize (cyclooxygenase (COX) )  

mainly COX-2 isoform of cyclooxygenase thereby 

exerting anti-inflammatory, anti-exudative, 

analgesic and antipyretic effects, it is also emerging 

as a promising drug for the treatment of Alzheimer’s 

disease and cancer. A primary advantage of the 

oxicam family of drugs is their long half-life which 

permits it to be used once daily (16). The drug is 

practically insoluble in water; (17). It has Log P 

(octanol/water) equals 3.43 and dissociation 

constants pKa of 1.1 and 4.2 and its absolute 

bioavailability is about 89% (15).  
MLX may result in gastrointestinal toxicity and 

bleeding can occur at any time during use and 

without signs of warning. Elderly patients are at 

greater risk of serious gastrointestinal problems (16). 

The aim of this research was to prepare 

solid dispersion of MLX using sodium alginate, 

hyaluronic acid, collagen and xyloglucan as natural 

polymers with expected gastro-protective effect and 

study their effect on the solubility and dissolution 

rate of MLX. 

Materials and Methods 
Materials 

 Meloxicam (MLX), hyaluronic acid (HA), 

collagen, xyloglucan (XG) were purchased from 

Hangzhou, Hyperchem. China. Sodium alginate 

(SA) was purchased from HiMedia laboratories, 

India   

Method 

Preparation of solid dispersion of MLX  

Solid dispersion of MLX was prepared by 

a solvent evaporation method using different natural 

polymers SA, Collagen, XG and HA as shown in 

Table 1. The polymers were dispersed in 20 ml of 

20% v/v of methanol separately by utilizing a 

magnetic stirrer, until a clear solution was obtained, 

MLX was then added and stirring was continued for 

10 min. Different drug: polymer ratio (w:w) were 

utilized depending on the viscosity of the polymeric 

solution. After that, the solvent was allowed to 

evaporate using oven at a temperature of 40°C for 

24 hours. The resultant dried mass was pulverized 

and sieved through sieve no. 20 to get uniform 

particle size then stored in a desiccator for further 

investigations (18,19).  
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Table1. Composition of different SD formulas of MLX 
 

Formula 

Code 

MLX 

(g) 

SA 

(g) 

Collagen 

(g) 

XG 

(g) 

HA 

(g) 

SD1 1 1 … … … 

SD2 1 2 … … … 

SD3 1 3 … … … 

SD4 1 … 0.5 … … 

SD5 1 … 1 … … 

SD6 1 … 2 … … 

SD7 1 … … 0.5 … 

SD8 1 … … 1 … 

SD9 1 … … 2 … 

SD10 1 … … … 0.5 

SD11 1 … … … 1 

SD12 1 … … … 2 
 

 
Preparation of physical mixture (PM)  

The PM was prepared by uniform mixing 

of drug and polymer in the same ratio as that of the 

best SD formula. The mixed powder was passed 

through a sieve no.20 to get uniformly sized 

particles 

Evaluation of SD of MLX 

Determination of percentage yield (PY %) of the 

prepared SD of MLX  

The percentage yield for each type of SD 

was determined by measuring the ratio of the actual 

weight of the obtained SD on the theoretical weight 

of SD which was calculated using the equation 

below (20).  

Practical Yield (%)=

Mass of SD
 recovered ( Practical mass)

Mass of polymer and drug used 
in formulation (Theoretical mass)

×100  

 

Determination of drug content of the prepared SD 

of MLX 

A precisely weighed quantity of SD 

equivalent to 15 mg of MLX was taken and 

dissolved in a 20 ml of 0.1N NaOH, with stirring for 

10 min, after that, the contents were filtered using a 

filter paper. Then after suitable dilution the solution 

was assayed for drug content using UV 

spectrophotometer by determining the absorbance at 

363nm using 0.1N NaOH as blank (21). The 

percentage of drug content in the SD was measured 

by using the following equation (22). 

 

𝐃rug content (%) =  

Actual amount of
drug in solid dispersions

Theoretical amount of 
drug in solid dispersions

 × 100  

Determination of saturation solubility 

 An excess amount of MLX and SD were 

added to 10ml of distilled water separately, the 

samples were incubated in water bath shaker for 48 

hr at 25 ˚C. After that, the samples were removed 

from the shaker water bath. The solutions were 

filtered via a 0.45μm filter syringe and diluted when  

 

necessary. The concentration of MLX was analyzed 

by UV spectrophotometer at 362nm, which 

represents the solubility of MLX. The procedure 

was performed in triplicate (23). 
 

In-vitro dissolution studies of pure MLX and SD of 

MLX  
          In-vitro dissolution studies of pure MLX 

and SD were performed by placing an amount 

equivalent to 15 mg MLX in 900 ml phosphate 

buffer (pH 7.5) as dissolution medium using USP 

type 2 apparatus for two hours. The temperature of 

the dissolution media was kept at 37 ± 0.5 ˚C, with 

an operating speed of 75 rpm (24,25).  

 Five milliliters were withdrawn and then replaced 

by fresh media of dissolution at regular time 

intervals, filtered and analyzed 

spectrophotometrically at 361nm. Solid dispersion 

formulas with highest solubility were subjected to 

this test.  This test was performed in triplicate for all 

samples.  

The results acquired from the dissolution studies 

were statistically validated using a similarity factor 

(f2). The f2 was used to consider similar dissolution 

profiles (equation below).  

 

f2 = 50 × log {[1 +  
1

𝑛
∑ |𝑅𝑡 − 𝑇𝑡|2

𝑛

𝑡=1

]

−0.5

× 100} 

 

Where (n) is the number of dissolution 

time points. (Rt), (Tt) are the reference and test 

dissolution values at time t respectively. 

The two dissolution profiles consider similar when 

f2 values greater than 50 (50– 100); otherwise, the 

profiles are not similar (26) . 
 

Powder X-ray diffraction (PXRD)  
Powder X-Ray Diffraction was utilized to 

analyse the crystallinity of the pure MLX and 

selected formula. Measurement was performed 

under the following conditions: the target metals Cu, 

filter Kα, 45kV voltage, 30mA current. Samples 
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scanned over a 2(θ) range of 5-80° at a step size of 

0.02° (27). 

 

Fourier Transforms Infrared Spectroscopy (FTIR) 

FTIR Spectroscopy of MLX, selected 

polymer, PM and the selected SD formula was 

performed to investigate drug-polymer 

intermolecular interaction. The samples were 

compressed with KBr and pressed in disk form (13 

mm in diameter). The FTIR spectroscopy analyzed 

the disk from 4000-400 cm-1 (28).  

Results and Discussion 
Percentage yield (PY %) the prepared SD 

Calculation of the PY% of the prepared 

formula is important to determine the efficiency of 

the preparation method.  High PY was obtained from 

all the prepared SDs formulas ranged between (90.5-

100%) as shown in Table3. This relatively small 

amount of loss occurred due to some steps of 

preparation or sieving of the formula. This result 

indicated the suitability of the method (solvent 

evaporation method) with the used material for such 

preparations. 

Drug content of the prepared SD of MLX   
The results of drug content in all 

formulations, was found to be within (91-104%) w 

/w, which is consistent with USP requirements (90-

105%) (29). Suggesting no loss of MLX during the 

preparation and uniform distribution of MLX 

particles in all the prepared formulas. The results of 

drug content are shown in Table 2. 

Table2. Percentage yield and drug content of SD. 
 

Formula 

Code 

Percentage 

yield 

(PY %) 

Drug content (w/w) 

(%) 

(Mean±STD) (n=3) 

Formula 

Code 

Percentage 

yield 

(PY %) 

Drug content 

(w/w)(%) 

(Mean±STD) (n=3) 

SD1 97 97.4±0.05 SD7 90.5 99.92 ±0.42 

SD2 91.98 97.47 ±0.12 SD8 95 104.07 ±0.06 

SD3 98.5 104.36 ±0.32 SD9 95 98 ±0.05 

SD4 92 96.79 ±0.3 SD10 97.5 92.1 ±0.1 

SD5 99.40 99.94 ±0.06 SD11 97 99.1 ±0.01 

SD6 99 99.89 ±0.11 SD12 99 95.09 ±0.08 

Saturation solubility of MLX SDs  
Results of saturation solubility studies of  

 

MLX SDs are shown in Table 3. 
 

Table 3.The Saturation solubility of pure MLX and SDs formulas using different natural polymers with 

different Drug: Polymer ratio in distilled water at 25˚C 

It was found that there was significant 

difference (p<0.05) between SA, Collagen, XG in 

enhancing solubility of MLX. The solubility 

enhancing effect of the above polymers can be 

ranked in the following order SA > collagen > XG, 

whereas no significant (P>0.05) enhancing in 

solubility was obtained by using HA  

The above sequence may be explained to be due to 

different properties of the used polymers; SA has 

high hydrophilic property, and its particles are 

hydrated at a faster rate when the solid dispersion 

mixture comes into contact with water. Therefore, 

SA wetting effect may explain the improved 

solubility of MLX from solid dispersion even with 

the least amount as there was no significant 

difference (P>0.05) between the three different used 

ratios. This result may be attributed to the increase 

in the viscosity of the solution by increase in 

polymer concentration, which hinder further 

increase in solubility (30).  

The second polymer, collagen although it 

is insoluble polymer, it consists of three 

polypeptides chains: glycine, proline, and 

hydroxyproline, arranged as a triple helix, the 

hydrophilic groups (–OH, –COOH, and –NH) 

contained in these amino acids have the ability to 

Formula Code Polymer ( drug : polymer ) ratio Saturation solubility mg/ml 

Mean ±STD  (n=3) 

MLX  0.00981±0.001 

SD1 SA (1:1) 0.340±0.001 

SD2 SA (1:2) 0.351±0.06 

SD3 SA (1:3) 0.347±0.05 

SD4 Collagen (1:0.5) 0.0222±0.0005 

SD5 Collagen (1:1) 0.0663±0.025 

SD6 Collagen (1:2) 0.0401±0.016 

SD7 XG (1:0.5) 0.0228±0.0035 

SD8 XG (1:1) 0.0276±0.0018 

SD9 XG (1:2) 0.0276±0.003 

SD10 H.A (1:0.5) 0.0185±0.0009 

SD11 H.A (1:1) 0.0166±0.01 

SD12 H.A (1:2) 0.015±0.007 
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absorb water which may enhance the wettability and 

hence solubility of MLX. When the collagen SDs 

formulas dispersed in water, these hydrophilic 

groups which located within the inner parts of the 

structure may not make contact with water, and 

consequently, this reduce the water absorption, 

therefore this polymer has lower solubility 

enhancing effect than SA (31,32). 

The solubility enhancing effect obtained by 

XG can be attributed to its water solubility that led 

to its application as a solubility enhancing polymer 

in preparation of SD.  (33,34). This result is in 

agreement with that obtained by Babu et (35). 
Increasing the amount of XG up to1:2 (drug: 

polymer) did not show increase the solubility over 

that of 1:1 ratio which may be due to the formation 

of a viscous layer in the form of an aqueous solution 

that hinder the hydration of MLX particles (33).  
   On the other hand, the no significant 

(P>0.05) enhancement in solubility of MLX by HA 

may be due to the formation of very viscous solution 

by large water soluble hyaluronic acid molecule 

event at low concentration (36). This viscosity 

increased by increasing in polymer concentration, 

which could be linked to the increasing polymer 

chain entanglement and higher chances of hydrogen 

bonding at higher polymer concentration, resulted in 

further decrease in the solubility of MLX (37). 

In-vitro dissolution studies 

In the present study, the SD1, SD2 and SD3 

(prepared with S.A as a polymer with different ratio 

1:1, 1:2 and 1:3, respectively) were selected to study 

the effect of drug: polymer ratio on the dissolution 

of MLX, since the highest solubility of MLX was 

obtained by these formulas. 

Figure 2 demonstrates that all SD1, SD2 and SD3 

have enhanced dissolution rate in phosphate buffer 

(pH7.5) in comparison to pure drug   (f2 = 7.33), (f2 

= 8.91) and (f 2=11.50), respectively.  

SD1 exhibited the highest the percent of MLX 

release by (95%) after 30 minutes as compared with 

SD2 (84%), SD3 (75%) and pure MLX (2%). 

The enhanced dissolution of the drug from 

SDs can be attributed to reduced particle size of the 

drug within SDs, also it is assumed that the higher 

the wettability and dispersibility of a drug in a 

hydrophilic polymer, the better the chances of 

achieving an increase in drug dissolution profile 
(6,38). 
On the other hand, similar dissolution profile (f2= 

62.03) was obtained by comparing SD1 to SD2, 

while dissimilar dissolution profile (f2=44.21) 

obtained by comparison of SD1 with SD3.  

From the previous results, it was found that the 

increasing the amount of SA resulted in lowering the 

rate of release of MLX. This result can be explained 

to be due the formation of viscous layer with 
increased thickness that acted as a barrier for the 

dissolution medium thereby retarding the diffusion 

of drug from the SD causing retardation in the 

dissolution of the drug (39,40). This result is in 

accordance with Noyes – Whitney equation which 

expresses the dissolution process as follow (41): 

𝑑𝑚

𝑑𝑡
= 𝐴 

𝐷

𝑑
(𝐶𝑠 − 𝐶b) ..Eq (4). 

Where  

dm/dt = solute dissolution rate  

m = mass of dissolved material  

t = time  

A = surface area of the solute particle  

D = diffusion coefficient, which is related, in part, to 

the viscosity of the solvent 

d = thickness of the of the diffusion layer  

Cs = particle surface (saturation) concentration  

Cb = concentration in the bulk solvent/solution. 

So decreasing D (due to increase viscosity) and 

increase d resulted in decrease dissolution rate 

 
Figure (2). Effect of Drug: SA ratio of MLX- solid 

dispersion on the in-vitro dissolution profile of 

MLX in phosphate buffer pH 7.5 at 37°C. 
 

Evaluation of the optimum formula 

Comparative dissolution study   

An improvement in the dissolution was 

obtained by SD1 and by PM in comparison with 

pure drug   (f2 = 7.33, f2=13.94 respectively) as 

shown in Figure  3, which can be ascribed to 

enhance drug wettability, by the hydrophilic 

property of SA. On the other hand, the enhanced 

dissolution obtained by SD1 compared to the PM 

(f2=35.69) can be explained to the efficiency of the 

solid dispersion technique that may cause particle 

size reduction and formation of amorphous form of 

drug, which required further investigation by XRD 
(42).  
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Figure 3. Comparative in-vitro dissolution profile 

of the pure MLX, SD1 and physical mixture of 

SD1 (PM) in phosphate buffer (pH7.5) at 37±0.5 

°C 

 

Powder X-ray diffraction (PXRD) 

The PXRD diffractogram of pure MLX, 

PM and SD1 are shown in Figure 4 respectively. The 

diffraction pattern of the pure MLX showed 

characteristic high intensity peaks at 6.06 °, 13.74°,  

15.89°, 19.32°, 21.48°, 21.55°, 24.7° and 26.57°, 

which indicates that the drug is present in the 

crystalline form. These values approach the values 

of the previous studies (43,44). 

Physical mixture’s pattern showed the characteristic 

peaks of MLX with lower intensity compared to the 

pure drug. This result can be explained to be due to 

the dilution effect of the polymer. In contrast, further 

decrease of the characteristic peaks of MLX was 

observed with SD1, indicating that an amorphous 

form mostly exists in SD1 (45).  

This amorphous form may contribute to solubility 

improvement since this form is more easily soluble 

than the crystalline form.   

 

      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. XRD diffractograms of MLX, SA, PM 

and SD1 
 

 

Fourier transform infrared (FTIR) 

The FTIR spectrum of pure MLX, SA, PM 

and SD1 are shown in Figures (5-8) respectively. 

The spectrum of pure MLX showed characteristic 

peaks at 3288 cm-1 (N-H stretching vibrations), 1620 

cm-1 (C=N stretching vibrations), 1159 cm-1 (S=O 

stretching vibrations) respectively (28). The obtained 

results were in accordance with the previous studies 
(43, 44).  

In the case of pure SA, a sharp broad absorption 

peak occurs at 3413 cm−1, referring to the presence 

of –OH groups bonded with hydrogen. The major 

SA absorption peaks occurring at 1603 and 1429 cm-

1 related to COO– groups, while the peak occurring 

at 2925 cm−1 is due to C H stretching.  SA's 

characteristic peak (Na–O) is shown at 849 cm−1 (28). 

These results were in agreement with previous 

studies (46, 47). 

The spectra of PM Figure 7 and that of selected SD1 

formula Figure 8 showed all the characteristic peaks 

of the drug, indicating that there was no chemical 

interaction between MLX and SA. The decreased 

intensity of the pecks in the above figures may be 

due to dilution effect of the polymer. 
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Figure 5.FTIR spectrum of MLX 

 

 
Figure 6. FTIR spectrum of SA 
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Figure 7. FTIR spectrum of PM 

 

 
Figure 8. FTIR spectrum of SD1 

 
Conclusions 

An improvement in solubility and 

dissolution rate of MLX was obtained by preparing 

it as solid dispersion by solvent evaporation method 

using SA as a natural hydrophilic polymer in a ratio 

of 1:1. drug: polymer. This improvement was due to 

increased wettability and reduced crystallinity of the 

drug.  

Future work 
Clinical studies are required to confirm 

whether the sodium alginate protects the stomach 

lining from irritation due to the chronic use of MLX 
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