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Introduction

The solubility of drug is very important factor that
determines its applicability, since solubility may act as rate-limiting
step in absorption and therefore may affect the bioavailability of the
drug. Therefore, it is important to identify ways over which
solubility improvement can be accomplished. Our goal was to
improve the solubility of the Verapamil® (VHCI) by the

10 15 20 25 30 35 40 45 50

T

T T T

4000 ——PVHCI 4

2000 4
0

ra) 1

L L L L L L L

—— PVHCI (milled 5min) |

2000

y (a.u
3
8
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planetary mill, keeping the milling time in the range of few minutes Fig. 3. Scanning electron micrographs of a) pVHCI milled for b) 5 min, ¢) 15 min and d) 60 min. 5{91._[?:‘1 2::11“16630[%:?;5 ;tl :‘:C}:;nllgalrlny‘ :cal:(/!a:}d 630)
to the several hours. Influence of mechanochemical parameters and min.
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a XRD, FE SEM technique and Malvern’s Master Sizer instrument 10 ; " j ::: j j ~—ower]  Milling of the pVHCL leads to
for particle size distribution. Finally, solubility of verapamil 501 : eool. 1 the reduction of the particle
hydrochloride was correlated with the particle size, structural and ol 1 ss0l 1 sizes and changes of the
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Both VHCI and pVHCI absorb radiation in the UV and § 5ol ] E2450 1 particle sizes is accompanied by
visible light regions (Fig. l1a). Intense, and better defined a 2400} { the structure amorphization
absorption at A=229 nm  was used for calibration and °le) | pvHcimitea t5min) | 2350 . - .9 (Fig. 4). As evidenced by
determination of dissolution concentrations of the commercial Beor o PwclmiedSimnl - paman spectrometry (Fig. 6),
Verapamil® drug formulation (Fig. 1b). After milling, particle size or greatest changes are noticeable
distr'ibution of the milled VHCI was measured (Flg. Za} and peaks ofd) M1 pvhc gmitied somin) | = ) ) b d)] in the region 300-1600 cm,
maxima were correlated with the time at which maxima of the 0 1000 2000 3000 4000 0 1000 2000 3000 4000 while IC measurements showed
dissolution concentration were observed (Fig. 2b) wavenumber (cm!) wavenumber (cm1) that treated samples have only
10 } Fig. 5. IR spectra of mechanically activated a) Fig. 6. Raman spectra of mechanically activated a) increased amount of adsorbed
€510 —a-wiol pVHCI milled for b) 5 min, ¢) 15 min and d) 60 pVHCI milled for b) 5 min, ¢) 15 min and d) 60 A
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*This treatment induces the changes of the morphology and, in the cases of the prolonged milling
Fig. 1. a) UV-VIS spectrum of the VHCL and b) dissolution curves of VHCL after mechanochemical a o q a a
treatment determined from the absorbance at the 229 nm time, the formation of the nanoscale partlcles is viable
*At the same time, particle size reduction is accompanied by the amorphization i.e. structural
disorder; this is corroborated by Raman spectrometry, while, other than increased amount of the
adsorbed water, there are no new bonds created as a result of milling (as evidenced by IC
4 measurements).
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2 *Solubility and kinetics of the solubility of VHCI can be successfully investigated by applying UV-
Vis spectrometry
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e There is linear relationship between particle sizes and the time at which maxima of the
dissolution concentrations are achieved
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Particle size (um) * Reduction of particle sizes to the nanometer scale, the amorphization of the crystalline structure
as well as increased dissolution rate imply that mechanochemical treatment can be successfully

Fig. 2. a) Particle size distribution of milled VHCL and b) linear relationship between particle size and the li fi he i f solubili £di il

time of the maximum observed dissolution concentration app led or the 1mprovement o1 so ubl lty o dlSperSe materials.
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