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Abstract

With the help of inclusion complexes formed with B-cyclodextrin (8-CD), hydroxypropyl B-cyclodextrin (HP-B-CD), and
randomly methylated B-cyclodextrin (RAMEB), respectively, the current study aims to assess the potential for improving the
solubility of metformin (MET), an oral antidiabetic drug, in water. It also estimates their composition and apparent stability
constants, Kst, from phase-solubility diagrams. We have observed that the phase solubility diagrams of MET - $-CD and
RAMERB are B type, whereas the ones for the MET - HP-B-CD inclusion complex are A type. Since the zwitterionic structure
of MET is lipophilic, all calculations were carried out in buffered phosphate solutions (pH 6). The phase-solubility diagrams
show that the presence of B-CD and its derivatives, HP-B-CD and RAMEB, enhances the solubility of MET to varying degrees
depending on the type of cyclodextrin.

Keywords: Drug development, drug carriers, drug design, polymers, B-cyclodextrin, inclusion complexes, phase solubility
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INTRODUCTION

The cyclodextrins capacity to prepare a hydrophobic cavity in an aqueous solution for a hydrophobic guest
molecule or hydrophobic moieties in the guest molecule is what allows them to form inclusion complexes with a
range of chemical molecules [1]. These inclusion complexes are important because they can increase the stability
of the guest molecule or improve the aqueous solubility of the drug substances. They can also be used to control
drug release, which has many potential applications in drug formulations. These inclusion complexes are widely
used in the pharmaceutical domain [2]. The improvement of a drug's water solubility is particularly crucial to its
bioavailability [3]. For a very long time, type 2 diabetes has been widely treated with metformin (MET) and its
variants. It has no pharmacological or molecular similarities to any other class of oral antihyperglycemic drugs,
and it decreases plasma glucose both basally and postprandial (that is, after eating a meal). MET is a crystalline
powder that is white, hygroscopic, and bitter in flavour. Its mechanism of action and applications are comparable
to those of other biguanides. Chemically, it is 1,1 dimethyl-biguanide hydrochloride [4]. This little molecule is
nearly insoluble in ether or chloroform, although it is soluble in water and 95% alcohol. For a number of years,
its structure was typically shown in an incorrect tautomeric form; however, this was fixed in 2005. It is low water
solubility (2/20 mL of water at 37°C) and low lipophilicity (logP = -0.97) [5]. The chemical structure of MET is
presented in Fig 1.
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Fig 1. Chemical structure of MET hydrochloride

To assess their impact on MET solubility in water, we have examined MET's capacity to form inclusion complexes
with B-cyclodextrin (B-CD), hydroxypropyl B-cyclodextrin (HP B-CD), and randomly methylated B-cyclodextrin
(RAMEB). These inclusion complexes' synthesis and characterisation are described in another place [6]. The
molar ratio and apparent stability constants of the inclusion complexes generated could be estimated with the use
of the phase-solubility diagrams produced using the Higuchi and Connors approach [7].

MATERIALS AND METHODS

Materials

We acquired 97.69% pure metformin (MET) from SRL Pvt. Ltd, Maharashtra, India. Beta-cyclodextrin was
acquired from BASF Corporation, Mumbai, India; Fluka (Sigma - Aldrich, Bangalore, India) provided 2-
hydroxypropyl-B-cyclodextrin and the randomly methylated-p cyclodextrin (substitution rate 1.7-1.8). Analytical
grade sodium hydroxide and phosphoric acid were utilised to prepare the buffers. The solvent for the
chromatography was deionized ultrapure water. H3PO4 85% solution and NaOH 1 M solution were used to create
10 mM phosphate buffer solutions. Using a Metrohm 716 DMS Titrino potentiometer, the pH values (3.00, 4.00,
5.00, 6.00, 7.00, and 8.00) were altered under potentiometrical control. We employed a Agilent Cary 60 UV—Vis
Spectrophotometer, USA and a Vortex-Genie®2 (Scientific Industries) shaker for the solubility tests. Three
duplicates of each experiment were carried out.

Phase solubility study

Aqueous solutions of cyclodextrins with increasing concentrations (10 M to10' M for HP-p—CD and 2.5-10° M
to 2-10"2 M for B-CD and RAMEB) were filled with excess drug (about 100 mg MET) and shaken at 254+0.5°C.
The best time to mix was determined by shaking the vials for 24 or 48 h, respectively. There were no discernible
differences in the comparison results. The shaking time was therefore adjusted to 24 h. Following a 24-h mixing
period, the specimens underwent filtration over a 0.2 um Nylon filter membrane (Whatman® PuradiscTM), and
the concentration of the dissolved MET was ascertained by measuring the absorbance at A 232 nm [8].

RESULTS AND DISCUSSION

With two protonation sites and four potential species in equilibrium with one another, MET is an acid-base
ampholyte. Potentiometric titration yielded the following pKa values: pKal =5.22 + 0.07 and pKa2 =7.13 + 0.06.
MET exists in two neutral forms (zwitterionic and uncharged form) at the isoelectric pH 5.50, which contributes
to its considerable lipophilicity [9]. We have looked into how pH affects MET solubility both with and without
cyclodextrins in order to determine the ideal pH of the solution utilised for the solubility studies. Using the
previously obtained specific absorbance (A% | = 62), the MET concentration was computed. As shown in Figs.
2a and 3b, cyclodextrins do not obstruct the measurement.
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Fig 2. UV-Spectrum of (a) MET Hcl at 0.5 mg/mL and (b) HP- B -CD at 0.1 M

As illustrated in Fig. 3, the impact of CDs on MET solubility is noteworthy throughout the pH range of 5-7;
however, above pH 5.7, a combined effect of both CDs and pH takes place. It can be shown that pH ranges between
4 and 6 are where MET is least soluble. As the complexation is greatly influenced by the hydrophobicity of the
MET, our studies were conducted using the methodology described by Higuchi and Connors [10] in buffered
phosphate solutions at a pH of 5.7, which is also the pH range where the CDs effect on solubility is predominant
(also, the pH of the mutual mixture of MET and B-cyclodextrin and its derivatives is 6.1-6.7).
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Fig. 3. The impact of pH and CDs on the solubility of MET in water

Phase-solubility diagrams

The phase solubility diagram for the MET — HP—B—CD inclusion complex is A type, indicating the creation of a
soluble complex, in accordance with the Higuchi and Connors classification [6]. Plot shape suggests that, at very
low doses of HP-B-CD, a distinct mechanism of solubilization is likely at play (Fig 4a). When CD concentrations
are high enough—above 0.01 M, roughly—complexation can happen [11]. We were able to infer that the majority
of the aqueous solution contains a 1:1 inclusion complex based on the calculated regression parameters (slope =
10%). Regarding the inclusion complexes involving MET and either B CD or RAMEB, the phase solubility
diagrams are B type. This suggests that MET's solubility increases as cyclodextrin concentration rises to
approximately 1.5-102 M, after which it reaches a plateau that is likely associated with the two complexes' limited
solubility (Fig. 4b and 4c).
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Fig. 4. Phase solubility diagram of HP- B-CD (Kst. = 354.7 M™!), -B-CD complex (Kst. = 151.4 M), and
RAMEB complex (Kst. = 189.2 M™") complex

The solubility curve's shape suggests that the formation of inclusion complexes with a 1:1 molar ratio is most
likely (slope =7.1-1073 for p-CD and 6.6- 10 for RAMEB) [9]. Assuming that 1:1 complex was initially generated,
we estimated the apparent stability constants, Kst, using the parameters of the linear portion of the solubility
diagrams [12].
Based on the Higuchi-Connors equation:

slope
(1 — slope)
The stability constants for the MET — HP—f—CD complex, MET — B—CD complex, and MET — RAMEB complex
are determined to be Kst = 354.7 M"!, 151.4 M"!, and 189.2 M}, respectively. Fig. 4c presents the most likely
molecular model for the 1:1 complex MET: HP-B-CD.

Based on the Higuchi — Connors equation:

CONCLUSIONS

B-CD, along with its derivatives HP-B-CD and RAMEB, improves the solubility of MET, a medication that is
nearly water insoluble. With MET, the CDs under study create a 1:1 inclusion complex. When B-CD and RAMEB
are present, inclusion complexes with restricted solubility are generated, whereas HP-B-CD yields a soluble
complex. Based on the determined apparent stability constants, the MET complexes with f-CD, HP-B-CD, and
RAMEB exhibit the following variations in stability: RAMEB > 3-CD > HP-B-CD.

Declarations

Acknowledgments

The authors are thankful to the Faculty of pharmacy & BioMedical Sciences, MAHSA University, Selangor.
Malaysia for providing the necessary lab facilities during the experimental study.

Ethical Approval

Not Applicable in this section.

Competing Interest

Author declares that there is no potential conflict of interest in this paper

Author Contribution

All the authors are equally contributed and approved the manuscript.

REFERENCES

1. Tiwari G, Tiwari R, Rai AK. Cyclodextrins in delivery systems: Applications. J Pharm Bioallied Sci. 2010 Apr;2(2):72-9. doi:
10.4103/0975-7406.67003.

2. Carneiro SB, Costa Duarte Fi, Heimfarth L, Siqueira Quintans JS, Quintans-Janior LJ, Veiga Junior VFD, Neves de Lima AA.
Cyclodextrin Drug Inclusion Complexes: In Vivo and In Vitro Approaches. Int J Mol Sci. 2019 Feb 2;20(3):642. doi:
10.3390/ijms20030642.

3. Mohamed JM, Alqahtani A, Ahmad F, Krishnaraju V, Kalpana K (2021) Pectin co-functionalized dual layered solid lipid nanoparticle

made by soluble curcumin for the targeted potential treatment of colorectal cancer. Carbohydr Polym. 2021; 252:117180. doi:
10.1016/j.carbpol.2020.117180.

4. Lee MY, Choi DS, Lee MK, Lee HW, Park TS, Kim DM, Chung CH, Kim DK, Kim 1J, Jang HC, Park YS, Kwon HS, Lee SH, Shin
HK. Comparison of acarbose and voglibose in diabetes patients who are inadequately controlled with basal insulin treatment:
randomized, parallel, open-label, active-controlled study. J Korean Med Sci. 2014 Jan;29(1):90-7. doi: 10.3346/jkms.2014.29.1.90.

5. Mady OY, Al-Shoubki AA, Donia AA. An Industrial Procedure for Pharmacodynamic Improvement of Metformin HCI via
Granulation with Its Paracellular Pathway Enhancer Using Factorial Experimental Design. Drug Des Devel Ther. 2021;15:4469-4487.
https://doi.org/10.2147/DDDT.S328262

6. Al-Abboodi AS, Al-Sheikh WM, Eid EEM, Azam F, Al-Qubaisi MS. Inclusion complex of clausenidin with hydroxypropyl-B-
cyclodextrin: Improved physicochemical properties and anti-colon cancer activity. Saudi Pharm J. 2021 Mar;29(3):223-235. doi:
10.1016/.jsps.2021.01.006.

- Journal of Pharmaceutical Negative Results | Volume 14 | Special Issue2 | 2023 @




10.

11.

12.

Higuchi, T.; Connors, K.A. Phase solubility techniques. Adv Anal Chem Instrum. 1965, 4, 117-212.

Jamal Moideen MM, Alqahtani A, Venkatesan K, Ahmad F, Krisharaju K, Gayasuddin M, Shaik RA, Ibraheem KMM, Salama MEM,
Abed SY. Application of the Box-Behnken design for the production of soluble curcumin: Skimmed milk powder inclusion complex
for improving the treatment of colorectal cancer. Food Sci Nutr. 2020 Oct 30;8(12):6643-6659. doi: 10.1002/fsn3.1957.
Pérez-Caballero, Guadalupe & Pérez-Arévalo, José & Morales Hipolito, Elvia & Carbajal-Arenas, Maria & Rojas-Hernandez, Alberto.
(2011). Potentiometric Study of Acid-base Properties of Thiamine Hydrochloride and Thiamine Mononitrate in Aqueous Medium.
Journal of the Mexican Chemical Society. 55. 126-131.

Yanhao Zhang, Haohan Zhang, Zhibin Zhang, Chengying Liu, Cuizhen Sun, Wen Zhang, Taha Marhaba, "pH Effect on Heavy Metal
Release from a Polluted Sediment", Journal of Chemistry, vol. 2018, Article ID 7597640, 7 pages, 2018.
ttps://doi.org/10.1155/2018/7597640

Saokham P, Muankaew C, Jansook P, Loftsson T. Solubility of Cyclodextrins and Drug/Cyclodextrin Complexes. Molecules. 2018
May 11;23(5):1161. doi: 10.3390/molecules23051161.

Boczar D, Michalska K. Cyclodextrin Inclusion Complexes with Antibiotics and Antibacterial Agents as Drug-Delivery Systems-A
Pharmaceutical Perspective. Pharmaceutics. 2022 Jun 30;14(7):1389. doi: 10.3390/pharmaceutics14071389.

- Journal of Pharmaceutical Negative Results | Volume 14 | Special Issue2 | 2023 @




