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ABSTRACT 

Objective: The objective of the present work was to inhibit transformation of carbamazepine anhydrous to its dihydrate form in aqueous medium 
by adopting the co-crystal approach. 

Methods: Co-crystallization of carbamazepine and glucomannan as co-former was carried out by solution mediated phase transformation. The 
solution of carbamazepine and glucomannan in ethanol (95%) was agitated for 2 h and the co-crystals obtained were recovered after 24 h. 

Results: Co-crystal formation due to hydrogen bonding between carbamazepine and glucomannan as a co-former was confirmed by FTIR study. 
Inhibition of transformation of co-crystal of carbamazepine to carbamazepine dihydrate in aqueous medium was confirmed by SEM. 

Conclusion: Inhibition of transformation of carbamazepine co-crystal to its dihydrate form resulted in its improved dissolution. Dissolution 
efficiency of carbamazepine in its co-crystal was increased up to 79.26% within 30 min. 
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Carbamazepine transforms to its dihydrate form when it comes in 
contact with the aqueous medium. Since dihydrate form of 
carbamazepine is three times lesser soluble (0.12 mg/ml) as compared 
to its anhydrous (0.38 mg/ml) form; such transformation is a critical 
parameter that affects its dissolution and bioavailability [1]. It is 
reported in the literature that co-crystal formation of carbamazepine is a 
suitable approach to increase its rate of dissolution. Transformation of 
carbamazepine to dihydrate form is prevented when carbamazepine is 
in its co-crystal form. This is so, as in the co-crystal structure the 
hydrogen bonding occurs between the appropriate functional groups of 
drug and co-former. There are two possible hydrogen bonding sites in 
carbamazepine structure–‘N’-of amine and ‘C’ of carbonyl; and hence 
carbamazepine transforms to dihydrate in an aqueous medium. These 
sites are expected to undergo hydrogen bonding with co-former during 
co-crystallization processes [2-4].  

In crystal engineering, hydrogen bonding is the strongest and key 
interaction in the co-crystal formation. Glucomannan is 
polyoxygenated compound and contains hydroxyl groups in 
abundance. Hydroxyl group is highly polar and capable of forming 
hydrogen bonds with other polar molecules. Therefore glucomannan 
isolated from the seeds of Ocimum basilicum was selected as a co-
former in the present study [5]. At present study co-crystallization 
of carbamazepine was carried out by adopting solution-mediated 
phase transformation (SMPT) [6]. The hydrogel was isolated from 
the seeds of Ocimum bacilicum by the method reported earlier. 
Glucomannan present in the hydrogel was precipitated with 95% 
ethanol at 4 °C by following the procedure reported by Chua M et al.; 
2012 [7, 8]. FT-IR spectrum of Glucomannan was obtained on IR 
spectrophotometer (Shimadzu, FTIR-8400S, Japan) using KBr 
powder. The scan was evaluated for the presence of principle peaks 
of glucomannan to confirm its purity. In FTIR spectrum of the 
glucomannan (fig. 1) the broad peak at 3217 cm-1 resulted from the 
stretching vibration of O-H group which is moderately strong 
hydrogen bonding group [9]. The peaks at 2808 cm-1, 1604 cm-1and 
1381 cm-1 are assigned to–CH2

Carbamazepine and glucomannan in 1:1 stoichiometric ratio were 
dissolved in ethanol (95%) to prepare their saturated solution. The 

solution was continuously agitated for 2 h by adding more amount of 
ethanol (95%) as required to keep both the components in solution. The 
solution was kept aside or 24 h to obtain co-crystals of carbamazepine. 
Co-crystals equivalent to 0.1 gm of carbamazepine was weighted 
accurately and evaluated for content uniformity by the method reported 
in Indian Pharmacopoeia. It was found to be 97.91%±0.81 [10].  

 stretching vibration and two C-H 
bending modes respectively [8].  

FTIR of carbamazepine co-crystals showed distinct shifts in the 
absorption peaks of carbamazepine drug. The characteristic peak 
for–NH vibration at 3464.27 cm-1 was found to be shifted to 3402.5 
cm-1. The peak at 1674.27 cm-1 due to C =O stretching was found to 
be shifted to 1620.26 cm-1. The absorption band at 1597.11 cm-1

Inhibition of transformation of carbamazepine co crystal to 
carbamazepine dihydrate was expected due to its co-crystallization and 
was confirmed from scanning electron microscope (SEM) imaging. SEM 
images were taken of plain carbamazepine and its co-crystal; both 
recovered after immersing them in 0.1N HCl for 30 min. Samples were 
sputter coated with a thin layer of gold-palladium under argon vacuum 
prior to analysis. SEM was performed using a KV beam acceleration 
voltage. The SEM images are shown in (fig. 4). Plain carbamazepine was 
converted to the dihydrate form; as evident from the formation of 
distinct needles on the surface of carbamazepine particles. The SEM 
images of co-crystal of carbamazepine clearly exhibited inhibition of 
transformation to less soluble dihydrate form of carbamazepine. This 
was the major cause of dissolution improvement of the carbamazepine 
in its co-crystal form [11]. 

 
characteristics for–NH deformation observed in carbamazepine drug 
was found to be absent in the spectrum of co-crystal (fig. 2 and 3). 
These frequency shifts were due to hydrogen bonding between 
carbamazepine and glucomannan in the co-crystal form [5].  

Dissolution efficiency of plain carbamazepine and its co-crystal 
equivalent to 100 mg was determined by the procedure reported by 
Khan K. A.; 1975 [12]. The dissolution rate was determined by using USP 
dissolution apparatus II. The medium used was 0.1N HCl (900 ml) and 
the rotational speed of the paddle was kept at 100 rpm. The temperature 
of the dissolution medium was maintained at 37±0.5 °C throughout the 
study. The 5 ml aliquots were withdrawn, at predetermined time 
intervals, sufficiently diluted and absorbances were measured at 284 
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nm. There was increase in dissolution efficiency of carbamazepine in its 
co-crystal form when compared to that with plain carbamazepine. 

Dissolution efficiency was increased from 30.84%±1.9 to 79.26%±2.32 
in first 30 min and was statistically significant. 

 

 

Fig. 1: FTIR spectrum of glucomannan 
 

 

Fig. 2: FTIR spectrum of carbamazepine 
 

 

Fig. 3: FTIR spectrum of co-crystal of carbamazepine and glucomannan 

 

 

Fig. 4: SEM images of carbamazepine (A) and it’s co-crystal with glucomannan (B) 
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