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Cinnarizine, a piperazine derivative with multiple pharmacological activities, was

studied due to its poor aqueous solubility, which limits its clinical use. β-Cyclodextrin,

an oligosaccharide composed of seven glucopyranose units linked by α-1,4-glycosidic

bonds, serves as an effective host for hydrophobic molecules, making it suitable for

improving cinnarizine solubility and bioavailability.

The aim of this study was to investigate the complexation of cinnarizine with

hydroxypropyl-β-cyclodextrin (HP-β-CD) using nuclear magnetic resonance (NMR)

spectroscopy.

Chemical shift variations observed during titration of cinnarizine with HP-β-CD

solutions indicated inclusion of the drug within the cyclodextrin cavity. The titration,

performed up to a 1:2 molar ratio (CIN:HP-β-CD), revealed a systematic shift of the

proton assigned to CIN H-7, suggesting an extended interaction in which one

cinnarizine molecule may be partially included within two HP-β-CD cavities.

Abstract

Sample preparations and NMR measurements

Conclusion

At higher acidity (c = 1.0 mol dm⁻³ DCl), no significant spectral changes were

observed, indicating that the diprotonated form of cinnarizine was unstable within

the cyclodextrin cavity.

At lower acidity (c = 0.01 mol dm⁻³ DCl), clear downfield shifts, particularly for

protons H-7 and H-9,13,15,19, confirmed the formation of an inclusion complex.

The continuous change in chemical shifts up to a 1:2 cinnarizine:HP-β-CD molar

ratio suggested that one cinnarizine molecule could interact with two HP-β-CD

cavities, providing evidence of extended complexation in solution.

Titration of cinnarizine with hydroxypropyl-β-cyclodextrin (HP-β-CD) solutions

was carried out at two DCl concentrations, c = 1.0 mol dm⁻³ and c = 0.01 mol dm⁻³,

to assess the effect of acidity on complex formation. At higher acidity, no significant

chemical shift changes were observed, indicating that the diprotonated form of

cinnarizine was unstable within the cyclodextrin cavity. At lower acidity, where both

mono- and diprotonated species coexist, clear ¹H NMR spectral changes confirmed

inclusion complex formation. Pronounced shifts, particularly for proton H-7 and

aromatic protons H-9,13,15,19, supported this conclusion. The continuous shift of

H-7 up to a 1:2 cinnarizine:HP-β-CD molar ratio suggested possible inclusion of one

cinnarizine molecule into two HP-β-CD cavities. However, due to ¹H NMR

limitations, the exact mode of inclusion requires further confirmation by

complementary methods.

References

[1] N. G. Haress, u H. G. Brittain (ur.), Profiles of Drug Substances, Excipients, and Related

Methodology, Vol. 40, Academic Press, Burlington, 2015, 1–5.

[2] E.M.M. Del Valle, Process Biochem. 39 (2004) 1033–1046.

[3] J. Zhang, P. X. Ma, Adv. Drug Delivery Rev. 65 (9) (2013) 1215–1233.

[4] A. Celebioglu, F. Topuz, Z. Irem Yildiz, T. Uyar, Carbohydrate Polymers 207 (2019) 471–

479.

[5] S. Gould, R.C. Scott, Food and Chemical Toxicology 43 (2005) 1451–1459.

[6] M. Patel, R. Hirlekar, Asian J. Pharm. Sci. 14 (2019) 104–115.

[7] M. Kelrajter, Karakterizacija inkluzijskih kompleksa nabumetona i β-ciklodekstrina

spektroskopijom NMR, Master thesis, Faculty of Science, University of Zagreb, 2024.

[8] Q. Li, J. Xiang, Journal of Magnetic Resonance Open 23 (2025) 100199

[9] A. popielec, T. Loftsson, International    Journal   of Pharmaceutics 531 (2017) 532–542

[10] F. Sakoman, N. Galić, A. Čikoš; Poster presented at SMASH NMR conference 2025.

.

For sample preparation, 2.0 mg of cinnarizine was dissolved in 1 mL of deuterated

hydrochloric acid (DCl, c = 1.0 mol dm⁻³) and divided into two 500 μL aliquots. One

aliquot served as a blank, while the other was titrated with a hydroxypropyl-β-

cyclodextrin (HP-β-CD) solution prepared by dissolving 10.0 mg of HP-β-CD in 100

μL of DCl, c = 1.0 mol dm⁻³, with ultrasonic assistance. Titration was performed in

ten steps with 10 μL additions, and the procedure was repeated using DCl of lower

acidity (c = 0.01 mol dm⁻³).

All one-dimensional ¹H NMR spectra were recorded at 25 °C on a Bruker Avance

AV600 spectrometer (600 MHz, 14 T) equipped with a broadband observe BBO

probe and z-gradients. Standard Bruker pulse sequences were applied, and data were

processed using the Bruker TopSpin software package.

Cinnarizine, due to its asymmetric structure, can enter the hydroxypropyl-β-

cyclodextrin (HP-β-CD) cavity in two possible orientations, with potential for partial

inclusion or complexes of different stoichiometries. In this study, the interaction

between cinnarizine and HP-β-CD was examined in solution using ¹H NMR

spectroscopy to monitor chemical shift changes during titration.

It is important to note that the complex sample in study10 was previously prepared by 

mechanochemical activation in the solid state and subsequently dissolved for NMR 

measurements. In the present investigation, the interaction between cinnarizine and 

hydroxypropyl-β-cyclodextrin was examined in solution, through titration and 

analysis of chemical shift changes in the ¹H NMR spectra, providing insight into the 

behavior of the system in the dissolved state.
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MONITORING THE FORMATION OF THE 
CINNARIZINE:HYDROXYPROPYL-β-CYCLODEXTRIN 

INCLUSION COMPLEX IN SOLUTION BY SPECTROSCOPY NMR

Figure 2. a) structure of HP-β-CD and b) shematic inclusion of CIN in β-CD

Figure 4. ¹H NMR spectra for monitoring the complexation of cinnarizine with 

hydroxypropyl-β-cyclodextrin solution in 100 μL of DCl, c = 0.01 mol dm⁻³, at 25 °C

Discussion and results
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Figure 1. Structure of cinnarizine with proton numeration

a) b)

Figure 3. ¹H NMR spectra for monitoring the complexation of cinnarizine with 

hydroxypropyl-β-cyclodextrin solution in 100 μL of DCl, c = 1,00 mol dm⁻³, at 25 °C
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