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ABSTRACT 

Solubility is one of the physical properties of active substances that affect drug absorption after dissolved in the 

gastrointestinal tract. Drugs with a limited aqueous solubility show low bioavaibility and will affect dissolution as a 

determine rate limiting step  in the absorption process of the drug. Glibenclamide is antidiabetic which based on the 

Biopharmaceutical Classification System (BCS), has  low solubility and high permeability which causes low 

bioavailability. Cocrystallization is  the process to enhance the physical properties of drugs, especially the solubility. The 

research aimed to determine enhancement of solubility and dissolution rate  of co-crystal of glibenclamide, and determine 

the characterization of co-crystal of glibenclamide. The co-crystal of glibenclamide-oxalic acid was made by comparison 

1:0, 1:1 and 1:2 with solvent drop grinding method and then were tested for solubility and dissolution rate. After that Co-

crystal of glibenclamide-oxalic acid was characterized by X-ray Powder Diffraction (XRPD), Differential Scanning 

Calorimetry (DSC) and Fourier transform infrared spectroscopy (FTIR). The result showed that co-crystal of glibenclamide 

with oxalic acid could increase solubility and dissolution rate of glibenclamide. Comparison of glibenclamide: oxalic acid 

1: 2 showed the highest results of solubility and dissolution test. The results of x-ray diffraction characterization indicated 

co-crystal formation, the appearance of the new endothermic peak  at 99.8-123.9 oC  Differential Scanning Calorimetry  

(DSC) and changing of spectra between  3367.1-3366.73 cm-1 and 2857.99-2931.27 cm-1 through Fourier Transform 

Infrared Spectrophotometry (FT-IR).   
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INTRODUCTION 

The therapeutic effectiveness of active substances depends 

upon the solubility of drug molecules. Some active 

substance has poorly soluble drugs and low 

bioavailability1,2. Oral ingestion is ease of administration,  

cost effectiveness, and flexibility in the design of dosage 

forms. As a result, many drug companies produce 

bioequivalent oral drug products.  Crystal engineering can 

improve the solubility and dissolution rate. The Active 

Pharmaceutical Ingredients crystallize into one or more 

crystal forms that possess undesirable physical properties 

and hence there is a need for the development of crystalline 

form of APIs with desired physicochemical properties3. 

Cocrystal is neutral molecular which are structurally 

crystalline material containing component present in 

definite stoichiometric  amount.  Cocrystallization is a one 

method with established approaches to physical property 

optimization of polymorph, hydrate, and salt selection1,4.   

In Pharmaceutical,  cocrystal contains an active 

pharmaceutical ingredient (API) and coformer which may 

not have pharmacological activity. Coformer generally 

forms hydrogen bonding with the API. Both the API and 

Co-former should contain hydrogen donors or accepting 

group like ether, oxalic acid, fumaric acid etc1. Cocrystal 

methode aims to increase solubilty of the active subtances 

which poorly soluble drugs.  

Glibenclamide is insoluble in water, which leads to poor 

dissolution rate and subsequent decrease of its 

gastrointestinal (GI) absorption. Results of several 

investigations revealed that the absorption of 

glibenclamide was limited by its dissolution rate5. In the 

Biopharmaceutical Classification System (BCS) 

Glibenclamide included in class II which has a high 

permeability but has a low solubility. Therefore, it is 

important to improve the dissolution rate of glibenclamide, 

thereby increasing the rate of drug absorption6,7,8.  The 

aims this research to  prove the solubility and dissolution 

glibenclamide through cocrystal with oxalic acid using the 

solvent drop grinding method.  

 

MATERIALS AND METHODS  

Glibenclamide (Indofarma), Oxalic Acid (Walargi), 

potassium bromide, aquadest and methanol (Walargi), 

Sodium hydrogen phosphate (Merck), Sodium dihydrogen 

phosphate (Merck), NaOH (Merck).  

Preparation of Glibenclamide cocrystal  

Glibenclamide cocrystal was prepared by solvent drops 

grinding method and taking each component 1:0; 1:1 and 

1:2 molar ratio  (glibenclamide BM 494 : Oxalic acid BM 

126) by different experiment approach.  

Determination of solubility  
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Table 2: Solubility Studies 

Formula  Concentration of glibenclamide (%) 

     1:0   0.96 

1:1   3.50 

1:2 6.45 

Table 3: DSC result 

Formula Range of endothermic Peak  

      1:0 148-1 82.3 

      1:1 133.5 8-155.4 

      1:2 99.8-123.9 

  

 

Figure 1: Dissolution Test Result of Glibenclamide 

(blue), Cocrystal glibenclamide : oxalic acid 1:1 (red) 

and Cocrystal glibenclamide : oxalic acid 1:2 (green) 

 

Figure 2: FT-IR Spectrum of glibenclamide (black), 

oxalic acid (yellow), cocrystal glibenclamide : oxalic 

acid 1:1 (blue) and cocrystal glibenclamide : oxalic acid 

1:2 (red) 

 
50 mg of glibenclamide was placed in Erlenmeyer 

containing aquadest. These were agitated in mechanical 

shaker for 24 hours at room temperature. The solution was  

filtered and the amount of the drug dissolved was analyzed 

spectrophotometrically at 266 nm1. 

Fourier Transform Infrared Spectroscopy (FTIR) 

The compatibility of glibenclamide and oxalic acid was 

checked by FTIR. The infrared spectra of crystals in KBr 

pellets were recorded from 400 - 4000 cm-1 at room 

temperature1,9.  

X-ray Powder Diffraction (XRPD) 

 
Figure 3: XRPD Spectra of glibenclamide (black), oxalic 

acid (yellow), cocrystal glibenclamide : oxalic acid 1:1 

(blue) and cocrystal glibenclamide : oxalic acid 1:2 (red) 

 

The XRD were undertaken to investigate the crystal nature 

of glibenclamide, oxalic acid and prepared crystal forms. 

The Study was carried out by X-ray diffractometer using 

Cu Kα radiation. The tube operated at 40 KV,40 mA and 

data were collected over an angular range from 2θ 

diffraction angle, with scanning mode 0,2° - 0,5° per 

minutes , and range scanning 2θ = 5° - 60°9. 

Differential Scanning Calorimetric (DSC) Analysis 

DSC analysis is a thermoanalytical technique used to 

identify the difference in the amount of heat required to 

increase the temperature of a sample and reference. The 

samples were analyzed by Differential Scanning 

Calorimeter (model STA PT1600) over the range of 30-

200°C at the rate of 10 °C per minute 3.  

Dissolution Test  

The studies used 900 ml of a buffer phosphate with a pH 

of 8, and USP apparatus 2 with an agitation rate of 75 rpm.  

The sample was measured every 15 minutes up to 120 

minutes and was analyzed spectrophotometrically at 266 

nm10,11. 

 

RESULT AND DISCUSSION 

Solvent drop grinding  has been witnessing a great 

progress in cocrystal formation via grinding method over 

the past few years12. Solvent as catalyst cocrystal 

formation, and sholud be lost in the final cocrystal 

product13. Glibenclamide cocrystal was prepared by taking 

each component 1:0; 1:1 and 1:2 molar ratio with solven 

drops grinding method.  

The Table 1 showed that the highest concentration in the 

ratio 1: 2.  The standard of glibenclamide showed 

percentage drug dissolved in the amount of 0,96%, while 

the co-crystal glibenclamide showed the percentage of g in 

the ratio 1: 1 was  3,50 %, and the ratio of 1: 2 was 6,45  

%. The result showed that the co-crystal of glibenclamide  

increase  the solubility compared to standard. This is due 

to hydrogen bonds would lead to an increase in solubility14. 

As solubility data are complementary of dissolution, if 

cocrystal solubility is increased in comparison to standard, 

intrinsic dissolution is also improved for cocrystals in 

comparison to standard12.  

The fig 1 showed that co-crystal glibenclamide increased  

the dissolution rate of glibenclamide in comparison to pure 

glibenclamide. This was indicated by the results of the 

dissolution at minute 60, the co-crystal of ratio  1: 2 

Table 1: The weight ratio of glibenclamide and oxalic 

acid 

Molar Ratio (1:0) (1:1) (1:2) 

Glibenclaimde 

(gram) 
0.494 0.494 0.494 

OxalicAcid 

(gram) 
- 0.126 0.252 
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showed 50%, the co-crystal ratio of 1: 1 showed  30% and 

glibenclaimde standard showed 12%.  

The differences in some peaks region, a shift in N-H stretch 

(3366.73 cm-1), C-H stretch (2857.99 cm-1) and O-H 

stretch  (3120.26 cm-1) were observed. In fig 2,  there is no 

new peak of functional groups.  This was indicated that 

there were not a chemical reaction or not formed new 

functional groups in cocrystal glibenclaimde-oxalic 

acid15,16.   

The formation of physical interaction between two 

materials can be estimated by using analysis thermal, in 

which case change in the crystalline form it will changes 

to Thermodynamic of a solid8. Differential Scanning 

Calorimetry (DSC) of glibenclamide standard showed an 

endothermic peak at 148-182.3°C. To co-crystal 

glibenclamide with ratio 1:1 showed an endothermic peak 

at 133.58-155.4 °C. While co-crystal glibenclaimde with 

ration 1:2 showed an endothermic peak at 99.8-123.9° C. 

This indicated that  the formation of physical interaction 

between glibenclamide and oxalic acid was occurred3,8.    

XRPD Analysis was conducted to investigate the lattice 

structure and solid phase of gilbenclamide-oxalic acid.  

The Fig. 3 showed that difference  intensity of  the peak at 

co-crystal  glibenclamide with ratio 1:1  from 18 472 to  15 

643. Additionally, formed a new peak at 2θ = 30-40 oC 

with intensity peak 3306. This indicated that there has been 

an increase in size, change in crystal form or the addition 

of a crystal lattice1,3.   

 

CONCLUSION  

Co-crystal of glibenclamide with oxalic acid could 

increase solubility and dissolution rate of glibenclamide. 

Comparison of glibenclamide: oxalic acid 1: 2 showed the 

highest results of solubility and dissolution test. The results 

of x-ray diffraction characterization indicated co-crystal 

formation, the appearance of new endothermic peak  at 

99.8-123.9 oC  Differential Scanning Calorimetry  (DSC) 

and changing of spectra between  3367.1-3366.73 cm-1 and 

2857.99-2931.27 cm-1 through  Fourier transform infrared 

spectrophotometry (FT-IR).   
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