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Abstract 

The crystalline state of calcium valproate (CaV) in different modifications, prepared by us, was investigated using 
infrared (IR) spectroscopy, X-ray powder diffraction patterns, simultaneous thermal analysis (STA combined 
thermogravimetry TG and differential thermal analysis DTA), and scanning electron microscopy (SEM). The 
influence of the simple recrystallized solvent on the crystal state of the drug is evident. 
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The antiepileptic drug calcium valproate (Con- 
vulex, Depakine, Epilini, etc.) is not included in 
the list of drugs with proven polymorphism/pseu- 
dopolymorphism (Thoma and Serno, 1984; Borka 
and Haleblian, 1990). We were not able to find 
any data concerning this problem in the literature 
and in the most recent pharmacopoeial publica- 
tions (British Pharmacopoeia, 1988; Martindale, 
1989; US Pharmacopoeia, 1990; European Phar- 
macopoeia, 1992). 

The necessity of studying the crystalline modi- 
fications of drugs has been substantiated in a 
great number of reviews (Haleblian and Mc- 
Crone, 1969; Haleblian, 1975; Borka, 1976; 
Luukko and Laine, 1981; Burger, 1982; Bettinetti, 
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1988; Borka and Haleblian, 1990). The use of 
valproic acid in combination therapy with other 
antiepileptic drugs results in teratogenicity and 
hepatotoxicity (Kondo et al., 1990). Many authors 
have investigated the crystal polymorphism of 
carbamazepine (Laine et al., 1984; Krahn and 
Mielck, 1987, 1989; Lowes et al., 1987; Lefebvre 
et al., 1987). 

We investigated the crystal polymorphism/ 
pseudopolymorphism of CaV. Following the pub- 
lished data, we tried to prepare modifications by 
recrystallization from a series of 14 simple sol- 
vents. To characterize the crystalline modifica- 
tions, we used IR spectroscopy, X-ray powder 
diffraction patterns (XRD), combined thermo- 
gravimetry (TG) differential thermal analysis 
(DTA), and scanning electron microscopy (SEM). 
The purpose of this communication is to report 
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Fig. 1. Histograms of calcium valproate (a) and calcium valproate recrystallized from water (b), chloroform (c), acetonitrile (d), 
methanol (e), 1,4-dioxane (0, acetone (g), and 1-butanol (h). 

some results of the studies of these crystalline 
modifications. Calcium valproate (Pharmaceuti- 
cals Dresden, Germany) was used as received. All 
solvents were of spectroscopic grade (Merck, 
Germany). An appropriate amount (w/v) of cal- 
cium valproate was dissolved/suspended in a sol- 
vent. The different crystalline modifications were 

obtained via slow evaporation of the solvent at 
room temperature. 

The IR spectra of the various crystal modifica- 
tions of CaV, and of the original CaV prepara- 
tion in nujol suspension, were recorded and inter- 
preted in detail in the region 3800-400 cm-i .  

The crystallization water plays a significant 

Fig. 2. Scanning electron microphotographs of calcium valproate (a) (×  600, marker 100/zm), and calcium valproate recrystaUized 
( ×  400, marker 100/zm) from: water (b), chloroform (c), acetonitrile (d), methanol (e), 1,4-dioxane (f), acetone (g), 1-butanol (h). 
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role in the formation of the IR  spectral character- 
istics; according to the manufacturer ' s  certificate 
the preparat ion is a dihydrate. As is known, crys- 
tallization water  has absorption bands in the fol- 
lowing ranges: 3550-3200 cm-1  (asymmetric and 
symmetric O H  vibrations), and at 1630-1600 
c m - l  for 5 H-O-H.  The libration vibrations ap- 
pear  in the low-frequency region (600-300 cm-1) .  

Comparing the IR  spectra of the different 
modifications with that of the standard substance 
(a), one can see a significant decrease of the 
crystallization water  band at 1630 cm-1.  

We compared the X-ray diffractograms of CaV 
(a), dehydrated (a'), and recrystallized from 1- 
butanol (h). The differences between the three 
pat terns are obvious. The amorphous type 'halo '  
peak  has a maximum at 13.5°(0 °) for (a') and (h), 
and at 12.75°(0 °) for (a). 

The results of the D T A  and T G  analysis are 
presented in Fig. 1 as histograms showing the 
quantity (in weight and mole percent) of water  
released by the respective substances studied. The 
weight percentage loss is calculated with respect 
to a 'dry'  substance at 135°C, with the exception 
of the (h) substance, where the loss is calculated 
with respect to a dry substance at 160°C. 

Fig. 2 illustrates the differences in the crystal 
habits of the various CaV modifications observed 
by scanning electron microscopy. 

The crystalline state of CaV has not been 
described and discussed in the literature. The 
results of the present  studies enabled us to draw 
the following conclusions: 

CaV can exist in different crystalline modifica- 
tions, as proven by IR  spectroscopy, STA and 
SEM analysis, and X-ray diffraction patterns. 

The nature of the solvents (mainly polarity, 
solvents power, etc.) strongly influences the crys- 
talline state of the recrystallized drug samples. 

Acknowledgements 

We are grateful to Drs Keltsch and Foerster  
(Arzneimittelwerk Dresden, Germany)  for pro- 
viding the original CaV substance. Our  thanks 
are also due to Dr  V. Krestev of the Faculty of 

Physics, University of Sofia, for the X-ray diffrac- 
tion patterns, and to Mrs E. Vulkova of the 
Faculty of Pharmacy (Sofia, Bulgaria), for techni- 
cal assistance. 

References 

Bettinetti, G.P., Analysis of polymorphism of a drug. Farmaco 
Ed. Pr., 43 (1988) 71-89. 

Borka, L., Crystal polymorphism of drugs. Detection, analysis, 
and some pharmaceutical aspects, Ph.D. Thesis, University 
of Oslo (1976). 

Borka, L. and Haleblian, J.K., Review: Crystal polymorphism 
of pharmaceutical. Acta Pharm. Jugosl., 40 (1990) 71-84. 

British Pharmacopoeia, London, 1988. 
Burger, A., On the interpretation of polymorphism investiga- 

tions. Acta Pharm. Technol., 28 (1982) 1-20. 
European Pharmacopoeia, Maisonneuve, Sainte Ruffine, 1992. 
Haleblian, J.K,, Review: Characterization of habits and crys- 

talline modification of solids and their pharmaceutical 
applications. J. Pharm. Sci., 64 (1975) 1269-1288. 

Haleblian, J.K. and McCrone, W., Review: Pharmaceutical 
applications of polymorphism. J. Pharm. Sci., 58 (1969) 
911-929. 

Kondo, T., Otani, K., Hirano, T., Kaneko, S. and Fukushima, 
Y., The effects of phenytoin and carbamazepine on serum 
concentrations of mono-unsaturated metabolites of val- 
proic acid. Br. J. Clin. Pharmacol., 29 (1990) 116-119. 

Krahn, F.U. and Mielck, J.B., Relations between several 
polymorphic forms and the dihydrate of carbamazepine. 
Pharm, Acta Heir., 62 (1987) 247-254. 

Krahn, F.U. and Mielck, J.B., Effect of type extent of crys- 
talline order on chemical and physical stability of carba- 
mazepine. Int. J. Pharm., 53 (1989) 25-34. 

Laine, E.,. Tuominen, V., Ilvessalo, P., Kahela, P., Formation 
of dihyrate from carbamazepine anhydrite in aqueous con- 
ditions. Int. J. Pharm., 20 (1984) 307-314. 

Lefebvre, C., Guyot-Hermann, A.M., Draguet-Brughmans and 
Bouche, R., Vitesse de dissolution et polymorphisme de la 
carbamazepine: Etude de differentes specialites. Pharm. 
Acta Helv., 62 (1987) 341-347. 

Lowes, M.M.J., Caira, M.R., Loetter, A.P. and Van der Watt, 
J.G., Physicochemical properties and X-ray strucrural 
studies of the trigonal polymorph of carbamazepine. J. 
Pharm. Sci., 76 (1987) 744-752. 

Luukko, J. and Laine, E., Laakeaineiden polymorfista. Acta 
Pharm. Fenn., 90 (1981) 253-259. 

Martindale, The Extra Pharmacopoeia, 29th Edn, 1989, The 
Pharmaceutical Press, London. 

Thoma, K. and Serno, R., Physical instability of drugs as a 
results of polymorphic changes in the crystal structure. 
Dtsch. Apoth. Ztg, 124 (1984) 253-259. 

US Pharmacopoeia, 22 Rev., US Pharmacopoeial Convention, 
Rockville, MD, 1990. 


