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ABSTRACT 

The co-grinding method has been used to produce solid dispersions that increase the solubility 

of drug substances by utilizing hydrophilic polymers. The purpose of this study was to evaluate 

the effect of chitosan and variations of sodium alginate as polymers on the dissolution rate of 

cefixime solid dispersion using the co-grinding technique. The cefixime solid dispersion 

formulation was made in three variations of sodium alginate formulas, namely 200 mg. 250 

mg. and 300 mg. Sample characterization was carried out using XRD, FTIR, SEM, solubility 

testing, dissolution rate, and flow properties. The results showed that Formula 2 (F2) cefixime 

solid dispersion was the best formula because the degree of crystallinity decreased to 21.71%, 

and FTIR analysis showed the functional group interaction. Evaluation of cefixime solid 

dispersion showed changes in particle morphology. In addition, there was an increase in the 

transmittance percentage in SIF of 98.587 ± 0.019 and an increase in the dissolution rate of 



 
 

cefixime of 83.61%, an increase in the flow rate of 6.3 ± 0.14 grams/second, an angle of repose 

of 26.4 ± 0.4°, a compressibility index of 16.3 ± 0.29%, and a Hausner ratio of 1.19 ± 0.35. 

 

Keywords: Cefixime, dissolution, flow-properties, formulation, solid-dispersion 

 

 

1. INTRODUCTION 
 
The discovery of new antibiotics is a complicated endeavor. A lot of effort must be devoted. 

Not only the efficacy aspect that scientists attempt, but the economic aspect, which is obtained 

afterward, is often reconsidered if the selling price is lower than the price to find it. Finding 

antibiotics also considers the risk factor in the future, resistance often makes its existence in 

trade not long (Silver & Bostian, 1993)(Spellberg, 2014). This is different from ordinary drugs 

that are not related to resistance; therefore, the aspect of the discovery of new antibiotics is full 

of caution. Recently, an antibiotic that is three decades old can still be found, while bacteria 

that are resistant to it continue to increase. However, this antibiotic is still formulated into the 

most commonly found dosage form, such as capsule and tablet form, even though some of 

these antibiotics have low solubility in water (Lindenberg et al, 2014). 

 

In general, it can be seen that the problem of solubility is not only found in the group of 

antibiotic drug ingredients, but also 70% of newly discovered drugs are classified as difficult 

to dissolve in water. The production of drug preparations certainly should not stop just because 

of solubility problems, and fortunately, some of these drugs, although their solubility is 

problematic, their permeability is quite good permeability. Nevertheless, the achievement 

should not stop striving for its good permeability, supported by good solubility, the efficacy of 

the drug compound will increase greatly (Shankar et al., 2017; Kalepu & Nekkanti, 2015). 

 

The efficacy of a drug compound delivered orally is determined by its bioavailability. 

Bioavailability is influenced by solubility because, to overcome difficulties in absorption, the 

drug substance must be in a dissolved state. It is also known that the use of some additional 

ingredients in the formulation involves decreasing solubility. This is due to the physical and 

chemical interactions of the functional groups owned by the active compound properties with 

additional ingredients (De Simeis & Serra, 2021; Kumari et al., 2023). 

 



 
 

Antibiotics are very specific and their targets are bacterial cells that also continue to modify 

themselves, and this is what makes antibiotics different from ordinary drug compounds. If 

ordinary drug compounds then problems do not arise because the target is not an organism that 

can modify itself. From the literature, it is known that if the concentration of an antibiotic in 

human blood plasma can be maintained to kill bacteria, then resistance can be prevented (Basak 

& Adhikari, 2012); Ajmal et al., 2023). Maintaining concentration is related to the success of 

antibiotics through the absorption process if given orally. Cefixime is a third-generation 

cephalosporin antibiotic used to treat urinary tract infections caused by Escherichia coli, 

Staphylococcus saprophyticus, Pseudomonas aeruginosa, Klebsiella pneumoniae, and 

Enterococcus spp. Until now, dosage forms containing cefixime have been in the form of film-

coated tablets, capsules, and dry suspensions. 

 

Solid dispersion can increase the solubility of drug compounds. A technique often used to 

obtain solid dispersions is the co-grinding of drug compounds with hydrophilic polymers. This 

technique can increase the surface activation energy and damage the crystal lattice so that it 

can form an amorphous phase effectively. In this research, cefixime was co-grinded with 

hydrophilic polymers, namely a mixture of sodium-alginate and chitosan (Attia et al., 2021; 

Leuner & Dressman, 2000). 

 
 
 
2. EXPERIMENTAL SECTION 

2.1. Materials 

 

Cefixime was obtained from Dexa Medica Pharm Co, LTD, sodium alginate, chitosan, citric 

acid (Sigma-Aldrich®), sodium phosphate, potassium dihydrogen phosphate, sodium 

hydroxide (Merc®), and aqua-bidest (Otsuka®). 

2.2.  Methods 

2.2.1. Formulation 

In this study. cefixime solid dispersion formulations were made in three formulas (F1. F2. and 

F3) shown in Table 1. Three cefixime solid dispersion formulas were made to obtain the best 

cefixime solid dispersion preparation that passed every solid dispersion system evaluation test. 

This formulation uses 50 mg cefixime and 200 mg chitosan. The variation in this study lies in 

the amount of sodium-alginate used of 200 mg, 250 mg, and 300 mg (Mardiyanto et al. 2023). 



 
 

Variations in the amount of sodium-alginate were carried out to determine the best amount to 

improve the solubility of cefixime. 

 
 
 
 
 
Table 1. Formula of F1, F2, and F3 

Component 
Amount (mg) 

       F1     F2 F3 
Cefixime (mg) 50 50 50  
Chitosan (mg) 200 200 200  

Sodium-alginate (mg) 200 250 300  

 
 
2.2.2 Formation of Solid-dispersion 

A total of 2 grams of sodium-alginate and 2 grams of chitosan were prepared for the physical 

mixture and the solid dispersion carrier of 100 mg of cefixime. The physical mixture, namely 

without cefixime, was worked in a 12 cm diameter mortar with tumbling 7 times and a duration 

of 30 seconds. For co-grinding, the working conditions were adjusted according to the amount 

of the mixture. The co-grinding conditions (Planetary-Ball-Mill Miller®) were to regulate the 

type of ball, the duration of grinding, and the grinding time interval. The type of ball used was 

ball number 8, the grinding time was 5 minutes, and the time interval was 1 minute (Lali et al., 

2022). 

 

2.2.3 Measurement of Crystallinity Using XRD 

X-ray diffractogram analysis was carried out using an X-ray diffraction meter (Rigaku 

MiniFlex-600) on cefixime samples, physical mixtures, and solid dispersion formula series. 

The operational voltage parameters used were 45kV, 40mA generator current, 9 seconds scan 

step time, and 0.0080 (2θ) scan step size (Mardiyanto et al., 2023). 

 

2.2.4 Determination of Functional Group Interactions 

Infrared spectra measurements were obtained using an FT-IR spectrophotometer (Thermo-

Scientific®). Cefixime powder, chitosan, sodium alginate, manual mixture, and solid 

dispersion, each weighing 100 mg, were detected by infrared spectra by dispersing each 

substance on a KBr plate (Akelesh et al., 2015). Then the percent transmittance was measured 

from wave numbers 4000 to 200 cm-1. 

 



 
 

 

2.2.5 Determination of Crystal Morphology 

The shape and characteristics of cefixime solid dispersion can be seen using a Scanning 

Electron Microscope (JSM-6510A JEOL®). The sample was placed on a SEM holder (diameter 

10 mm, height 3 mm), then coated with a layer of gold under vacuum conditions (0.25 torr). 

Observation of Scanning Electron Microscope (SEM) images using a 30 kV electron beam 

with a magnification of 500 times, 2500 times, and 5000 times (Mardiyanto et al., 2023). 

 

2.2.6 Solubility Testing 

The solubility test was carried out using the transmittance percentage indicator. The solubility 

test began with the preparation of a 200 ppm concentrated stock solution using SGF, SIF, and 

distilled water as solvents. A total of 20 mg of sample was dissolved in a 100 ml measuring 

flask to produce a 200 ppm stock solution. Next, 1 ml of the stock solution was taken using a 

pipette, then 10 ml of each SGF, SIF, and distilled water were added, so that a solution with a 

final concentration of 20 ppm was obtained. The solution was then measured for optical density 

at a wavelength of 650 nm using a UV-Vis spectrophotometer (Tajmir & Roosta, 2020). 

 

2.2.7 Dissolution Testing 

In vitro dissolution testing using the dissolution tester DT-128 Erweka® of cefixime solid 

dispersion was carried out by testing cefixime, manual mixture, and cefixime solid dispersion 

in a dissolution tester apparatus (tool name) type I at 100 rpm in 900 ml of 0.05 M potassium 

phosphate buffer (pH 7.2). The test was maintained at a temperature of 37.0 ± 0.5 0C. The 

solution was taken 5 ml at certain time intervals of 5, 10, 15, 20, 30, 45 minutes, and replaced 

with the same volume of new medium (Attia et al., 2021). 

 

2.2.8 Determination of Flow Properties 

A total of 10 grams of powder was weighed and then put into the flowability tester funnel 

(GTL-B Erweka®). Then the bottom cover of the funnel was opened while the timer was 

running. The flow rate was expressed in grams/second. Measurement of the angle of repose 

(α), cone height (h), and radius (r) of the cone base of the formed granules was carried out after 

the powder flowed freely (Attia et al., 2021). 

2.2.9 Stability Test 

Quantification of cefixime level when tested for thermodynamic stability is necessary to predict 

dosage form storage, was conducted in this step. The selected solid dispersion formula, 



 
 

physical mixture, and pure cefixime were placed in a temperature difference of 40 degrees 

Celsius in an oven (Oberhaus®) and a temperature of 8 degrees Celsius in a refrigerator 

(Toshiba®) for each warm and chill for each 24 hours. The cycle was repeated up to 6 times. 

 

 

 

3. RESULTS AND DISCUSSION 

3.1 Formation of Solid Dispersions Containing Cefixime 

The increase of cefixime solubility was carried out through a solid dispersion method using a 

co-grinding technique (the grinding results can be seen in Figure 1). In this process, cefixime 

was dispersed with a carrier material in the form of a combination of chitosan and various 

concentrations of sodium alginate. This method has been recognized to determine the most 

effective proportion of sodium alginate in changing the crystalline phase to amorphous to 

increase the solubility and dissolution rate of drugs, intended to support the efficiency of its 

absorption in the body (Adamo et al, 2015)(Mardiyanto et al., 2022). 

 

Figure 1. The product of formula co-grinding 

Cefixime solid dispersion was formed based on the formula that has been determined according 

to Table 1. In this process, the ratio of powder mass to ball mass, or known as ball to powder 

ratio (BPR), was 8:1. The BPR value plays an important role in determining the effectiveness 

of mechanical energy transferred to the powder during grinding, as well as the pressure applied 

to the powder particles.  

Formula 1 Formula 2 Formula 3 



 
 

An illustrative image of the position of cefixime and the two polymers surrounding it can be 

seen in Figure 2.  

 

Figure 2. Illustration of preparation cefixime solid dispersion 

 

3.2 Measurement of Crystallinity 

Cefixime has a specific diffraction peak at the angle of 5.751°. 8.859°. 14.969°. 19.512°. 

22.152°. and 27.274°. Based on the diffractogram (Figure 3) of pure cefixime, the specific 

diffraction peak, which revealed the difference value of 2θ, i.e 5.86°. 8.92°. 15.02°. 19.54°. 

22.24°. and 27.32°. The difference is caused by the changes in molecule distance  (Table 2).  

 

 

 

 

 

 

 

 
 

 



 
 

 

 

 

 

 

 

 

 

 

Figure 3. Diffractogram of solid dispersion, physical mixture, and cefixime 

 

Table 2. Specific Angle of Solid Dispersion, Physical Mixture, and Cefixime 

Samples Intensity (cps) 
5.86° 8.92° 15.02° 19.54° 22.24° 27.32° 

Cefixime 396.452 819.973 1010.433 1489.721 1043.401 843.253 
PM 253.331 388.493 470.912 929.739 838.344 584.131 
Formula 1 178.653 262.219 384.106 783.296 765.471 580.514 
Formula 2 222.827 300.462 397.769 692.460 642.151 536.533 
Formula 3 186.514 266.123 375.904 726.825 706.588 534.483 

 

The disappearance of this characteristic peak indicates a possible decrease in the degree of 

crystallinity. The absence of a characteristic peak indicates a decrease in the degree of 

crystallinity and the formation of an amorphous phase in the solid dispersion system. This 

change is usually caused by the interaction between the active ingredient and the polymer in 

the solid dispersion system, which disrupts the regular arrangement of molecules in the crystal 

structure (Wu et al., 2020). The maximum crystal intensity of pure cefixime reached 1489.721 

at an angle of 19.54°. While the manual mixture. Formula 1, Formula 2, and Formula 3 of each 

were recorded with an intensity of 929.739. 783.296. 692.460. and 726.825. From these results. 

Formula 2 showed the greatest decrease in crystal intensity compared to the others. The 

Physical mixture 

Cefixime 



 
 

widening of the diffraction peak, accompanied by a decrease in intensity, can indicate a change 

in the crystal structure. It leads to the formation of a new phase and causes the crystal structure 

to become more amorphous (Urakov et al., 2021)(O’Malley et al., 2021). 

3.3 Determination of Molecular Interaction of Functional Group  

FTIR analysis was performed to identify specific functional groups and the possibility of the 

formation of new functional groups in each sample (Han et al., 2017). In Table 3, it was stated 

the wave number of functional groups. In addition, the analysis aims to observe the interaction 

between cefixime with a combination of chitosan and sodium alginate. Through measurements 

using infrared spectroscopy. Information can be obtained regarding the presence of chemical 

interactions and the formation of new functional groups in the tested samples (Lali et al., 2022). 

Based on the results of the FTIR spectrum (Figure 4 and 5), pure cefixime has a typical IR 

absorption at 3303.27 cm-1 (N-H stretching). 1774.51 cm-1 (C=O stretching). 1543.59 cm-1 (C-

C stretching). 1338.14 cm-1 (N-O stretching). 1226.16 cm-1 (C-O stretching). Cefixime has a 

characteristic IR absorption peak in the wave number around 3300 cm-1, 1772 cm-1, 1543 cm-

1. 1338 cm-1. and 12223 cm-1. The wavenumber around 1772 (C=O stretching) is a typical peak 

of the β-lactam ring. The main functional group in β-lactam antibiotics, such as cefixime which 

interacted to hydroxy and amine of chitosan and hydroxyl and carboxylate of alginate (Figure 

6). 

 



 
 

 

 

Figure 4. Spectra IR of cefixime, Na-alginate, and chitosan 

Sodium-alginate 

Chitosan 



 
 

 

 

Figure 5. Comparison IR spectra of the solid dispersion to the physical mixture 

Table 3. Specific Wave Number Of Functional Group 
Functional 

Group 
Wave-length 

Cefixime Sodium- 
alginat 

Chitosan CF F1 F2 F3 

N-H 3303.27 - 3427.11 3425.67 3421.78 3402.93 3428.43 
C=O 1774.51 1654.90 1603.90 1768.49 1750.04 1749.19 1731.83 
O-H 1338.14 1326.24 1379.42 1383.59 1383.03 1382.61 1382.09 
C-O 1226.16 1062.11 1076.54 1063.92 1065.89 1075.51 1071.06 
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Figure 6. Interaction functional group 

 

3.4 Determination of Solid Dispersion Solubility 

Cefixime was analyzed using the UV-Vis spectrophotometry method, which involves two main 

stages, i.e, scanning to determine the maximum wavelength of cefixime and the preparation of 

a calibration curve. In this process, the stock solution consists of a mixture of cefixime with a 

pH 7.2 phosphate buffer, while the pH 7.2 phosphate buffer is also used as a blank in UV-Vis 

spectrophotometry measurements. The maximum wavelength of cefixime in phosphate buffer 

is 288 nm. 

Solubility testing based on percent transmittance is carried out to measure the clarity of samples 

in various solvents. namely: SGF (Simulated Gastric Fluid). SIF (Simulated Intestinal Fluid) 

and aquadest. This test aims to determine the extent to which particles in a solid dispersion can 

Chitosan

Cefixime 

Sodium-alginate 



 
 

transmit light at a certain wavelength. Thus, providing an overview of the level of transparency 

or clarity of the solution. By using a UV-Vis spectrophotometer. The percent transmittance 

value (%T) is measured as an indicator of clarity. Higher results indicate that the particles have 

dissolved in the solvent medium. The transmittance percentage reflects the level of solution 

clarity. Lower transmittance values indicate higher turbidity. In the Figure 7, the transmittance 

values for pure cefixime, manual mixture, and Formula 2 are in the range of 90.3–98.587%. 

Percent transmittance values approaching 100% indicate that the particles have dissolved in a 

medium approaching the clarity of aquadest. The pictures to support solubility claim was 

presented in Figure 8.  

 
 

 

 

Figure 7. The %Transmittance of solid-dispersion, physical mixture, and cefixime 

 

Cefixime has sufficient solubility in SIF medium but is low in SGF. The test results showed 

consistency with the reference. Where the percent transmittance of pure cefixime is. Physical 

mixture and formula 2 were higher in the SIF solution than SGF. Among the three samples. 

Formula 2 has the highest transmittance value. which is 98.587%. The transmittance value 



 
 

above 90% indicates the clarity of the solution which indicates optimal particle dispersion. This 

indicates that the particles are perfectly dispersed and the solution becomes clear. The surface 

area of the particles increases. Increased surface area interfacial tension. which contributes to 

faster drug release and absorption in the digestive tract (Tajmir & Roosta, 2020). 

 

 

 

Figure 8. The comparison of clarity; solid dispersion, physical mixture, and cefixime 

3.5 Dissolution Profile of Solid Dispersion 

The drug content of solid dispersion has an impact to the dissolution profile, therefore the 

determination was conducted to F1, F2, and F3 (three formula) solid dispersion.  F2 was 

selected (Table 4) to the dissolution. Based on the results of the dissolution test, the solid 

dispersion formula has the highest dissolution percentage compared to pure cefixime and 

manual mixture samples. At the 45th minute, the pure cefixime sample has a dissolution 

percentage of 51.59%, the physical mixture of 70.07%, and the solid dispersion (Formula 2) of 

83.61%. The results of the analysis of the drug release mechanism in solid dispersions showed 

an R2 value approaching 1 and located in the range of 0.45-0.89 which indicated the 

Korsmeyer-Peppas; a non-Fickian transport model. The results in Figure 9 indicate that the 

method of forming solid dispersions using the co-grinding technique could increase the release 

ability of the active substance cefixime. Pure cefixime showed the lowest dissolution 

Clear                       less-turbid                   Turbid 



 
 

percentage in the dissolution test. This is due to the absence of polymers that act as a carrier 

matrix to help release the active substance. In addition, pure cefixime has a very regular crystal 

structure and a high degree of crystallinity. This crystal structure affects the ability of molecules 

to separate and interact with solvents (Kim & Ulrich, 2022). Particles with a very regular and 

dense crystal structure tend to be more difficult to dissolve in solvents (Khantri et al., 2022). 

 

Figure 9. Dissolution profiles of pure cefixime, physical mixture, and solid dispersion 
 

3.6 Morphology of Solid-dispersion 

Observation of the surface morphology of a sample can be done using a Scanning Electron 

Microscope (SEM). SEM is used to study the morphology of powder and the structure of the 

sample after becoming a solid dispersion (Wu et al., 2020)(Khan et al., 2020). SEM analysis was 

carried out on pure cefixime samples, physical mixture, and the best formula (F2). During SEM 

testing, images were taken by focusing on a certain point on the object using a magnification of 

1000 times. The SEM test results in Figure 10 was showed that the pure cefixime sample has a 

crystal morphology with a rod shape. Pure cefixime is in the form of a rod crystal with a rough 

surface. The analyzed samples showed variations in crystal size with a diverse distribution. 

Observations via SEM also revealed that some crystals were larger while others were smaller. 

Based on the ImageJ processing, the average size of powder was 310 ± 14 m. 
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Table 4. The drug content of F1. F2, and F3 

Samples % Drug Content ± SD %CV 

F1 72 ± 5.32 7.38 

F2 94 ± 3.12 3.31 

F3 81 ± 6.29 7.76 

 

a b 

c 

: cefixime 

: Solid-dispersion 
 

Figure 10.  The morphology of solid dispersion compared to physical interaction and pure 
cefixime. 



 
 

 
 

 

3.7 Determination of Solid-dispersion Flow Properties 

Flow properties characteristics are intended to identify the characteristics of powder flow, which 

is an important parameter in ensuring the consistency of filling the compression space during the 

tablet and capsule manufacturing process (Rekdal et al., 2018)(Akelesh et al., 2015). In this 

study, testing was carried out on pure cefixime samples, physical mixture, and F2 solid 

dispersions were selected as the best formula. Flow properties testing carried out in this study 

includes four parameters: flow rate testing, angle of repose, compressibility index, and Hausner 

ratio. The results were presented in Table 5. 

 

Table 5. The Flow Properties of Solid-dispersion, Physical Mixture, and Cefixime 

Samples Flow Rate ± SD Angle of Repose 
± SD 

Compressibility 
Index ± SD 

Hausner Rasio ± 
SD 

Cefixime  3.6016 ± 0.0269      

 
31.4951 ± 0.3876 27.2787 ± 0.4961 1.3752 ± 0.6822 

Physical 
mixture 

5.1464 ± 0.0665 29.6304 ± 0.3599 23.07853 ± 1.0189 1.3000 ± 0.3051 

Solid-
dispersion 

6.3046 ± 0.1400 26.4598 ± 0.4027 16.3672 ± 0.2976 1.1957 ± 0.3559 

 

3.8. Stability of Drug Content 

The results of the quantification of cefixime in samples stored at different temperatures would 

be affected theoretically because antibiotics are generally known to be less stable. The results 

obtained as %decreasing levels (Table 6), that was generally an insignificant decrease in the 

third cycle. Solid dispersions (F2) and physical mixtures are more stable in the fifth cycle with 

a decrease in levels that was not higher than pure cefixime (p ≤0.05). 

 

Table 6. The %Decreasing Levels of Cefixime During Stability Test 
 

Samples %Decreasing 
CI 

%Decreasing 
CII 

%Decreasing 
CIII 

%Decreasing 
CIV 

%Decreasing 
CV 

%Decreasing 
CVI 

Cefixime 2.056    2.320 2.814 5.431 10.302 23.391 
Phys. mixture 1.328 0.043 0.061 1.824 4.205 8.348 

F2 0.012 0.018 0.038 1.157 3.461 5.024 
*c= cycles 



 
 

 
 
 
 
 
4. CONCLUSION 
Based on the results, it was known that F2 cefixime solid dispersion was the best formula because 

the degree of crystallinity decreased to 21.71%, and FTIR analysis showed no new peaks. 

Evaluation of cefixime solid dispersion showed changes in particle morphology. In addition, 

there was an increase in the transmittance percentage in SIF of 98.587 ± 0.019 and an increase 

in the dissolution rate of cefixime of 83.61%, an increase in the flow rate of 6.3 ± 0.14 

grams/second, an angle of repose of 26.4 ± 0.4°, a compressibility index of 16.3 ± 0.29%, and a 

Hausner ratio of 1.19 ± 0.35. 
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