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Study of interaction between sugammadex as a modified gamma
cyclodextrin and propranolol using different methods
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O ABSTRACT 0O

Sugammadex, a new modified gamma cyclodextrin, reverses the neuromuscular blockage
induced by rocuronium by forming a strong complex with this muscle relaxant. In order to
evaluate possible interactions with potentially co-administered drugs, the interaction
between sugammadex and propranolol was investigated using three different methods; the
affinity capillary electrophoresis (ACE) method coupled to an ultraviolet (UV) detector,
the affinity capillary electrophoresis method coupled to fluorescence detector and
Fluorimeter, for the first time. Using ACE, changes in the effective mobility of guest drug
were correlated with the increasing concentration of the host molecules in background
electrolyte (BGE). Using Fluorimeter, changes in the fluorescence intensity of guest drug
were correlated with the increasing host concentration in sample solution. Detected
changes were successfully fitted into a nonlinear curve equation; assuming 1:1
stoichiometric interaction. The calculated association constants (K,) were: 4137 M™, 4215
M™and 4110 M using three methods as mentioned above; respectively. These values
confirm the affinity strength of the predicted inclusion complex between sugammadex and
propranolol.
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Introduction

Cyclodextrins as excipients in drugs tend to form inclusion complexes with various
molecules due to their chemical structure. Pharmaceutics benefis can be gained from these
complexation. Enhancing the bioavailability of many problemaic drugs could be achieved
by improving their physical and chemical properties through these complexaion[1, 2, 3, 4].
Sugammadex (Figure 1), as a drug itself, is a modified gamma cyclodextrin substituted
with eight thio carboxylated groups. These modified extensions enhance the ability of
sugammadx to form strong inclusion complex with neuromuscular blocking agents
(NMBs) like roccorunium. This complexation hinders the pharmacological action of the
guest molecule, resulting in a reverse of its effect [5, 6]. The potential exists for this
complex to occur with other drugs, not only NMBs molecules. The interaction between
drugs and sugammadex was investigated and evaluated by calculating the binding constant
[7,8].

The analysis and characterization of cyclodextrin’s inclusion complexes, either in solid
form or in solution, has been done using various analytical methods; nuclear magnetic
resonance (NMR), high performance liquid chromatography (HPLC), fluorescence and etc.
[9, 10, 11, 12, 13]. The use of affinity capillary electrophoresis (ACE) is a flexible
analytical method that can determine the binding constant of drug-drug interactions [14]
and complexations of CDs and their derivatives [15, 16].

This study considered propranolol as a potential co-administered drug with sugammadex.
As a result, it may form a complex with sugammadex, which could have a substantial
impact on both the host and guest molecules' pharmacokinetic and pharmacodynamics
profiles. To confirm or deny the affinity strength of the predicted complex, three different
methods were employed to investigate the complex formation between propranolol and
sugammadex.
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Figure 1 The chemical structure of Sugammadex
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Experimental Part

Materials
Propranolol hydrochloride (Figure 2) from sigma Aldrich was used. Sugammadex from
N.V. Organon was used. Potassium hydrogen-phosphate and potassium di-hydrogen-phosphate

were used for buffer preparation.
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Figure 2 The chemical structure of Propranolol hydrochloride

Methods

CE coupled to ultraviolet detector

An ultraviolet detector coupled to capillary electrophoresis was used to detect propranolol
at 220 nm wavelength. Samples were running through fused silica capillary with an
internal diameter of 50 um and a total length (L) of 50 cm.

Analysis procedure: for 15 minutes at 40° C, a new capillary was activated with 1 N NaOH
as the initial step. Rinsing the capillary with 0.1 N NaOH followed by the buffer solution
for 3 minutes and 5 minutes, respectively, was done prior to measuring for each run. The
measurements were carried out under the following conditions: 25° C of the temperature,
21 kV of the separation voltage and 50 mbar for 9 s of the injection pressure. The
measurement was repeated 3 times for each sample (n=3).

Analysis Principle: the formation of inclusion complexes between the guest molecule and
the host molecule affects the migration time (tcuest), and as consequence the effective
electrophoretic mobility (L), of the injected drug due to increased receptor
concentration. The inclusion complex in solution was investigated by calculating the value
of the association constant (K,) using the origin (7.0) program. The equilibrium between
the free and complexed guest molecule was fast and achieved at 1:1 molar ratio according
to the following equation:

[Guest] + [Hostkek— [Complex] equation (1)

K. = [Complex] tion (2
®” [Guest] [Host] equation (2)

KGuest+Ka.[HOSt].Ucomlex .
Mess = equation (3)
1+K, .[Host]
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Where L is calculated from,

Lp. Lt 1 1 .
Merr = — equation (4)
U tGuest tEOF

The distance from the capillary inlet to the detector is Lp. EOF is the electro-osmotic flow
has a migration time (t gor) of the neutral substance marker.
CE coupled to fluorescence detector
A fluorescence detector coupled to capillary electrophoresis was used to detect propranolol
at 320 nm excitation wavelength and 360 nm emission wavelength.
Analysis procedure and analysis principle were same as mentioned in previous study.
Fluorimeter
A fluorescence molecule, propranolol, was detected at 320 nm excitation wavelength and
360 nm emission wavelength. Analysis principle: the formation of inclusion complexes
between the guest molecule and the host molecule affects the fluorescence intensity of the
analyzed drug due to increased receptor concentration. The inclusion complex in solution
was investigated by calculating the value of the association constant (Kj) using the origin
program. The equilibrium between the free and complexed guest molecule was fast and
achieved at 1:1 molar ratio according to the following equation:

DI = Cl. K, . [Host]

1+ CI. [Host]

Where CI is the intensity of the complexed form of drug. DI is the difference in drug
intensity that resulted from subtracting the intensity of complexed drug from the one of
free drug.
Buffer preparation
10 mM of phosphate buffer at 6.5 pH was used to prepare the buffer samples of increasing
concentrations of sugammadex (The host molecule). For CE-ultraviolet study, (0, 0.2, 0.3,
0.5, 0.7 and 1 M) concentrations of sugammadex dissolved in phosphate buffer were used.
For CE- fluorescence study, (0, 0.5, 1, 1.5, 2.5, 3.5, and 5) x 10 M concentrations of
sugammadex dissolved in phosphate buffer were used. All the samples were filtered and
degassed.
Sample Preparation
Propranolol (The guest molecule) samples were prepared in the concentrations of 10° M
and 10 M for CE-ultraviolet and CE- fluorescence studies, respectively. The drug samples
were spiked with dimethylsulfoxide (DMSO) as a neutral marker.
In contrast to CE studies, the flourometry study required the preparation of samples from
both the guest and host molecules in the same solution. A fixed amount of propranolol was
dissolved into phosphate buffer (pH = 6.5) samples that were spiked with increasing
amount of sugammadex.

equation (5)

Results and discussion

The inclusion complex of propranolol with sugammadex was successfully characterized
using three different methods. For CE coupled to ultraviolet detector, Propranolol running
in blank buffer has a positive electrophoretic mobility. As sugammadex concentration
increased in the background electrolyte solution, the effective mobility of propranolol
decreased. At 0.3 M concentration of sugammadex, the effective mobility of propranolol
inverted to negative one as shown in figure (3). This change could be resulted from
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complex formation and depend basically on the increasing of both the total negative charge
and the total mass of the complexed drug in comparison to the free one.
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Figure 3 Correlation of the effective mobility of propranolol as a function of the increasing concentration of sugammadex in
background electrolyte solution (non linear fitting equation) using CE coupled to ultraviolet detector

Fluorescence detector coupled to CE was successfully confirmed the positive effective
mobility of the drug (propranolol). The decreasing values of the effective mobility versus
the increasing concentration of sugammadex was shown clearly in figure 4. And that could
be attributed to the same circumstances of the previously discussed method.
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Figure 4 Correlation of the effective mobility of propranolol as a function of the increasing
concentration of sugammadex in background electrolyte solution (non linear fitting equation) using

CE coupled to fluorescence detector

The affinity strength of complex formation was detected by calculating the association
constant K, using non linear curve fitting method. For both studies, the electrophoretic
mobility of guest drug as a function of the concentration of the host drug was correlated
and fitted to equation (3). The values of K, were plotted in table (1).

Table 1 values of the association constant K, detected using different methods

Method K.(M™
CE coupled to ultraviolet detector 4137 + 80
CE coupled to fluorescence detector 4215 + 82
Fluorimeter 4110 £ 85
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For fluorimeter study, descending change in the fluorescence intensity of propranolol was
observed upon the increasing concentration of sugammadex in the sample mixture as
shown in figure (5). This change could be caused by the formation of inclusion complex
between the drug and modified cyclodextrin. The difference in fluorescence intensity of
propranolol as a function of the increasing concentration of sugammadex in sample
mixture was successfully correlated and fitted to equation (5). The association constant K,
was concluded in value plotted in table (1).
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Figure 5 descending fluorescence intensity of propranolol
versus ascending concentration of sugammadex
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Figure 6 Correlation of the difference in propranolol intensity as a function of the increasing
concentration of sugammadex in sample solution (non linear fitting equation) using fluorimeter

According to three different methods, The K, values (table 1) confirm the presence and
strength of the affinity between propranolol and sugammadex. Hydrophobic interaction
and hydrogen bonds have been suggested as the reason for the inclusion complex between
sugammadex and propranolol. The hydrophobic interaction could result from an
entrapment of an organic amine into the extended hydrophobic cavity of modified
cyclodextrin. The hydroxyl group attached to propranolol has the potential to form a
hydrogen bond.
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Conclusion

The inclusion complex between sugammadex and propranolol was successfully
characterized using three different methods. This study confirms the affinity strength of
sugammadex and potentially co-administrated drug (Propranolol).

References

[1] A. sarabia-vallejo, M. del Mar Caja, A. I. Olives, M. A. Martin and J. c. Menendez,
"Cyclodextrin incluson complexes for improved drug bioavailability and activity:
synthetic and analytical aspects,” Pharmaceutics, vol. 15, no. 9, p. 2345, 2023.

[2] S. Rawat and S. K. Jain, "Solubility enhancement of celcoxib using bta cyclodextrin
inclusion complexes,” European journal of pharmaceutics and biopharmaceuics , vol.
57, no. 2, p. 263, 2004.

[3] D. Boczar and K. Michalska, "Cyclodextrin inclusion complxes with anibiotics an
anibacteral agents as dug-delivery Systems - A Pharmacutical Perspective,”
Pharmaceutics, vol. 14, no. 7, p. 1389, 2022.

[4] T.Hammad, F. Madani and F. Kafa, "A study of sulfasalazine solubility enhancement
by some cosolvents," Tishreen University Journal for Research and Scientific Studies -Health
Sciences Series, vol. 34, no. 3, p. 149, 2012.

[5] F. Gijsenbergh, S. Ramael , N. Houwing and T. van lersel, " First human exposure of
Org 25969, a novel agent to reverse the action of rocuronium bromide,"
Anesthsiology, vol. 103, no. 4, p. 695, 2005.

[6] A. Bom and et al., "A novel concept of reversing neuromuscular block: chemical
encapsulation of rocuronium bromide by a cyclodextrin-based synthetic host,” Angew
Chem Int Ed Engl, vol. 41, no. 2, p. 266, 2002.

[7] KS. Cameron, D. Fletcher and L. Fielding, "An NMR study of cyclodextrin
complexes of the steroidal neuromuscular blocker drug Rocuronium Bromide," Magn
Reson Chem, vol. 40, no. 4, p. 251, 2002.

[8] K. Darwish, y. Mrestani and R. Neubert, "Study of Interactions between Sugammadex
and Penicillins using Affinity Capillary Electrophoresis,” Chromatographia , vol. 76,
no. 23-24, p. 1767, 2013.

[91 SM. Ali, SK. Upadhyay, "Complexation study of midazolam hydrochloride with beta-
cyclodextrin: NMR spectroscopic study in solution.,” Magn Reson Chem, vol. 46, no.
7, p. 676, 2008.

[10] P. Mura, "Analytical techniques for characterization of cyclodextrin complexes in
aqueous solution: A review," Journal of pharmaceutical and biomedical analysis, vol.
101, p. 238, 2014.

[11] O. Abou-Zied, "A spectroscopic study of the inclusion of azulene by beta- and
gamma-cyclodextrins," Spectrochim Acta A Mol Biomol Spectrosc, vol. 62, no. 1-3, p.
245, 2005.

[12] P. Mura, "Analytical techniques for characterization of cyclodextrin complexes in the
solid state: A review," Journal of pharmaceutical and iomedical analysis, vol. 113, p.
226, 2015.

journal.tishreen.edu.sy Print ISSN: 2079-309X, Online ISSN: 2663-4287
24



Uingy) ddling Gihh alaaialy Jolsilg plls (Jamall (ina S L)) GuSlale su o Jaliiall BYA R

[13] R. Maazaoui and R. Abderrahim, "Application of cyclodxtrins: formation of inclusion
complexes and their characterization,” International Journal of Advanced Research,
vol. 3, no. 2, p. 1030, 2015.

[14] K. Darwish, y. Mrestani and R. Neubert, "Optimization of ion-pair formation between
glycopyrronium bromide and different ion-pair agents using ACE," Electrophorsis,
vol. 36, no. 21-22, p. 2805, 2015.

[15] L. Kim L and Z. Wolfgandg, "Analysis and characterisation of cyclodextrins and their
inclusion complexes Dby affinity capillary electrophoresis,” Journal of
Chromatography A, vol. 836, no. 1, p. 3, 1999.

[16] A. Danel and et. al.,, "Study of the complexation of risperidone and 9-
hydroxyrisperidone with cyclodextrin hosts using affinity capillary electrophoresis
and (1)H NMR spectroscopy.,” J Chromatogr A, vol. 1215, no. 1-2, p. 185, 2008.

journal.tishreen.edu.sy Print ISSN: 2079-309X, Online ISSN: 2663-4287
25






