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ABSTRACT

 

Background:

 Eplerenone is an aldosterone receptor blocker used to manage high blood pressure and chronic heart failure. 

It falls under BCS Class II. Its oral bioavailability is limited, primarily due to poor solubility and limited absorption in the 

gastrointestinal tract.  

Method

. Eplerenone co-crystals were prepared by solvent evaporation and the slurry method. Niacinamide and citric acid 

were used as co-formers. The resulting co-crystals were evaluated for percentage yield, drug 

content, solubility, and 

dissolution. The selected co-crystal formula was further evaluated for morphology using an optical microscope. Drug-co-

former interactions were assessed by infrared spectroscopy, and crystallinity was evaluated using powder X-ray diffraction 

(PXRD) and DSC.  

Results

: The work showed an enhancement in solubility, with values ranging from 0.3mg/ml to 1.9mg/ml in which 

solubility enhanced by six-fold, and an Eplerenone drug content of 79% to 99%, which varied depending on the type of 

co-former and its ratio in the formula. Solid-state characterization of Eplerenone DSC, PXRD, and FTIR shows the 

formation of a new crystal lattice cocrystal; optical microscopy and SEM show the shape and size of the new crystal. 

Conclusion

: Co-crystallization is a technique for enhancing the physicochemical properties of drugs, including solubility 

and dissolution. Eplerenone was successfully designed and evaluated as co-crystals to enhance its solubility and dissolution. 
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: co-crystal, solubility enhancement, eplerenone, solvent evaporation, Niacinamide, citric acid, new crystal lattice 

    

 

 

 

 

   How to cite this article 

This is an open access journal and articles are distributed 

under 

the 

terms 

of 

the 

Creative 

Commons 

Attribution 

License (Attribution, Non-Commercial, ShareAlike

” 4.0) 

- 

(

CC

 BY-NC-SA 4.0) that allows others to share the work 

with 

an 

acknowledgement 

of 

the 

work's 

authorship 

and 

initial publication in this journal. 

Asaad SD, Hachem MM, Mohamed A, Raad R, 

Abbas IK, sadiq R, Salih ZM, Abass A, Hadi 

BM.  

Pharmaceutical Cocrystals of 

Eplerenone Formulation and 

Characterization. The Nigerian Health 

Journal 2026; 26(3): 1688 - 1701. 

https://doi.org/10.71637/tnhj.v26i3.1552

 

 

 

 




The Nigerian Health Journal; Volume 26, Issue 3 – September, 2026

Preparation and evaluation of Eplerenone cocrystals to enhance solubility and dissolution

Asaad et al

INTRODUCTION

Recent research in pharmaceutical formulations aimed a solvent, including water, and usually has low volatility.

to improve the medication, dissolution, and storage Coformers should be non-toxic and free from adverse

stability of active pharmaceutical ingredients1.The FDA effects. Ideally, a coformer should be listed in the FDA

describes a co-crystal as "multicomponent solid crystal and' Everything Added to Food in the United States”

supermolecular complexes made up of two or more (EAFUS) list, which comprises about 3000 compounds

components within a crystal lattice, where the recognized as food additives or GRAS-approved.

components are neutral and interact through non-ionic There are many rules to consider when selecting

forces." 2,3. coformers, including the Rule of pKa, Gibbs free energy,

Common co-crystals are usually divided into two ΔpKa, computational co-crystal design, the

categories: molecular and ionic. Molecular co-crystals are supramolecular synthons approach, HBD and HBA, and

made up of two or more neutral components connected the flexibility of synthon-forming functional groups.

through hydrogen bonds or halogen bonds. Ionic co- Rule of pka and Gibbs free energy

crystals, on the other hand, include at least one ionic This rule applies to the logical strategy for salts and co-

component and are stabilized by coordination bonds or crystals, supported by the widespread availability of

charge-assisted hydrogen bonds, especially when metal experimental and computed pKa data. This proton

cations are involved. 4 transfer primarily depends on the pKa values of the API

Co-crystallisation involves altering a compound’s and coformers. According to FDA, ΔpKa is used as a

molecular structure to modify its physical properties. threshold to differentiate between co-crystals and salts,

This process can be utilised in industry to reduce the use where ΔpKa = pKa (acceptor (drug)) − pKa (donor

of additional additives and enhance the physicochemical (coformer))13,14The FDA indicates that salt formation


	properties of drugs.	5 .	will occur in components with ΔpKa	≥ 1, whereas

	Co-crystallisation,	similar to salification, involves	components with ΔpKa < 1 will form co	-crystals 15 .



interactions between a donor and an acceptor group, but A positive ΔpKa is similar to a negative ΔpKa and

it does not involve proton transfer like salts do. This promotes proton transfer from donor to acceptor,

fundamental difference distinguishes salts from co- resulting in salt formation. Conversely, a negative ΔpKa

crystals, positioning them at opposite ends of a spectrum resembles a positive ΔpKa and favors co-crystal

of supramolecular structures, with their proton- formation. Resemble to negative ∆GHA.B and

ion−water

transport capabilities changing accordingly6. therefore prefer proton transfer from donor to acceptor

Pharmaceutical co-crystals” are formed from the active means salt formation, while negative ΔpKaresembles

pharmaceutical ingredient (API) and a coformer in a positive ∆GHA.B and prefer co-crystal formation15 .

ion−water

fixed stoichiometric ratio through hydrogen bonding or Hydrogen bond donors and acceptors .The formation of

other noncovalent interactions, such as van der Waals co-crystals depends on non-covalent interactions

forces and π-π stacking. between different components; hydrogen bonds (HB)

A co-crystal of temozolomide and hesperetin was are the most common type. Therefore, the presence of

prepared by liquid-assisted grinding, either using a safe both a hydrogen-bond acceptor (HBA) and a hydrogen-

coformer from the FDA’s GRAS list or another API. bond donor (HBD) is necessary 16.

The co-crystal improves the hygroscopic stability of Hydrogen-bond donors (HBDs) include groups such as

hesperetin and the physicochemical stability of phenolic O-H, carboxylic O-H, and amine N-H.

temozolomide7. Co-crystal development requires

Hydrogen-bond acceptors (HBAs) include groups such

understanding the drug’s target and selecting a good as amidic N-C=O and carboxylic C=O oxygens.

coformer.8-11.

Recognizing these functional groups in APIs and

Choosing an appropriate coformer is a crucial step in co- coformers makes it easier to predict co-crystal

crystal design and poses a significant challenge.12.(1) 17,18

formation

Drug candidate It should have functional groups capable

of forming hydrogen bonds, π-π interactions, van der

Waals interactions, halogen bonds, and noncovalent

interactions with the coformer. (2) Coformer Selection

A coformer is a compound that interacts with an API

within a crystal lattice via non-covalent bonds. It is not
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Methods of preparation. Both solid-based and solvent-

based methods can be used to prepare co-crystals; each

method has different techniques for preparation Solid-

state crystallization methods are effective for co-crystal

development because they require no solvent or only a

small amount; the co-crystal forms through direct

grinding with high energy20.Mechanochemistry is the

process of introducing reactivity into solids by using

mechanical energy. Its efficiency is a result of typically

quick response times, high product yields, and little

waste because grinding only requires a small amount of

solvent 21The most widely used techniques for preparing

a co-crystal by this method are neat grinding and liquid-

assisted grinding 22. The main problem with dry grinding

is that it cannot guarantee the formation of a

stoichiometric mixture of co-crystals, requiring an extra

step to produce a pure co-crystals product 23

Figures3: Methods for preparation of co-crystals 19

Figure 4 :Solid-solid reaction via gas-phase and surface diffusion, without (left) and with (right) grinding. 24

properties, whereas solid-state techniques often require

Solution-based methods This technique involves the significant thermal or mechanical energy.26,27. The most

coformer and API dissolving in a solvent or a solvent used techniques include solvent evaporation, slurry,

mixture. The solvent is subsequently removed to obtain cooling co-crystallization, freeze-drying, and antisolvent

the co-crystals. These processes involve a ternary system methods.

composed of (coformer and solvent) in solution, and the The drug used in this study, Eplerenone, is an

optimal scenario occurs when the co-crystals are aldosterone receptor blocker used to manage high blood

supersaturated, and the components (API-coformer) are pressure and chronic heart failure. It is a BCS class II

either undersaturated or saturated. As a result, the drug. Its oral bioavailability is limited, primarily due to

amounts of API and coformer can be adjusted to change poor solubility and reduced gastrointestinal tract


	the degree of	supersaturation of the	co-crystals	in	absorption, thereby	reducing its effectiveness. With a

	solution, which	is the most important	factor for	co-	molecular weight of	414.49 g/mol, EPL appears as a



crystallization 25. crystalline powder and has very low water solubility (< 1

Solution-based co-crystallization surpasses solid-state mg/mL). It also has a high octanol/water partition

methods by offering better crystal quality, higher purity, coefficient, with a log Kow of 7.1 at pH 728.

larger, well-formed crystals, and easier control over
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The aim of the study is to understand the main concept Preparation of cocrystals by the solvent

of cocrystals, along with their preparation and evaporation method (SE): Three ratios were prepared

characterization, specifically with the eplerenone by this method using different molar ratios (Eplerenone:

cocrystal, to improve solubility and dissolution. coformer) (Table 1). The drug and the coformer were

dissolved in methanol with stirring for 1 hour at 1000

METHODOLOGY rpm; the solution was then dried at 40 °C. Then, the co-

Chemicals and reagents: Eplerenone was acquired crystals were collected and stored for evaluation 29.

from Zhejiang Shenzhou Pharmaceutical Co., LTD, Preparation of cocrystals by the Slurry Method:

china, Niacinamide (NIC)fromThomas Baker India; and Two ratios were prepared using 1:4 and 1:6 molar ratios

citric acid (CIA) from CDH, Ltd, India of citric acid because of citric acid's high-water solubility;

Preparation of cocrystals of EPL it cannot be prepared by solvent evaporation and

Selection of Coformer: According to the requires a large volume of methanol. We used an

supramolecular synthon approach that is based on the alternative method as shown in Table 1. The drug and

presence of complementary functional groups between the coformer were dissolved in 5 mL of methanol in a

the drug and coformer, closed container with stirring for one hour at 1000 rpm.

ΔpKa (ΔpKa=pKa (acceptor (Eplerenone)) – pKa Then, the cover was removed and left apart for slow

(donor (coformer)) and Gibbs free energy, where the evaporation at room temperature to obtain co-crystals to

negative ΔpKa and positive Gibbs free energy prefer be subjected to evaluation 30 .

cocrystal formation.

Table 1: Composition of Eplerenone Co-crystals Formulas by different methods

Formula cod Method of preparation Coformerused Eplerenone: coformer molar

ratio


	EP1	Solvent evaporation	Niacinamide	1-1

	EP2	Solvent evaporation	Niacinamide	1-2

	EP3	Solvent evaporation	Niacinamide	1-3

	EP4	Solvent evaporation	Niacinamide	1-4

	EP5	Solvent evaporation	Niacinamide	1-5

	EP6	Solvent evaporation	Niacinamide	1-6

	EP7	Solvent evaporation	Citric acid	1-1

	EP8	Solvent evaporation	Citric acid	1-2

	EP9	slurry	Citric acid	1-4

	EP10	slurry	Citric acid	1-6



Evaluation of the prepared Eplerenone co-crystals

Determination of percentage yield: The percentage yield of the prepared co-crystals was calculated by using the

following equation:31 This test was done to determine the efficiency of the method

𝐖𝐞𝐢𝐠𝐡𝐭 𝐨𝐟 𝐜𝐨𝐜𝐫𝐲𝐬𝐭𝐚𝐥𝐬

%𝐲𝐞𝐢𝐥𝐝 = 𝐰𝐭 𝐨𝐟 𝐝𝐫𝐮𝐠+𝐰𝐭 𝐨𝐟 𝐜𝐨𝐟𝐨𝐫𝐦𝐞𝐫 × 𝟏𝟎𝟎%

Determination of Drug Content: Eplerenone co-crystals equivalent to 25 mg Eplerenone were dissolved in 10 mL of

methanol with stirring for 30min, then after suitable dilution, the drug content was estimated by determining the

absorbance of the resultant solution at the specific λ max 32 .The percentage of drug content in the co-crystals was

calculated by the following equation.

Practical drug content

𝐃𝐫𝐮𝐠 𝐜𝐨𝐧𝐭𝐞𝐧𝐭 = × 100

Theoretical drug content

Determination of saturated solubility: The solubility of Eplerenone co-crystal was determined by adding excess

Eplerenone co-crystal to a plain tube containing 10 mL of distilled water, which was placed in a water bath shaker at 25
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°C for 48 hours. The sample was then filtered using a Whatman filter paper, and after suitable dilution, it was analyzed by UV spectroscopy at the specific λ max (245nm)33. This study was done in triplicate

In-vitro dissolution: The USP type II apparatus (paddle) was employed to conduct dissolution testing of co-crystal formulations with the highest solubility. An equal amount of 25 mg of Eplerenone co-crystals was dispersed into 1000 mL of 0.1 N HCl (pH 1.2) dissolution medium. The temperature was maintained at 37 ± 0.5 °C, with a rotation speed of 100 rpm34 .

Optical microscope: The optical microscope was used to investigate the morphology of the selected co-crystals. On glass slides,  the selected formula, selected coformer, and pure drug were examined and compared 35 . Powder X-ray diffraction (PXRD):  Powder X-ray diffraction (PXRD) study was performed to evaluate changes in the crystalline nature of the drug and to detect the formation of a new crystalline form 36,37. PXRD analysis was performed for the pure drug, the selected coformer, and the selected formula. An X-ray diffractometer (XRD-6000 Shimadzu, Japan). The samples were irradiated with the monochromatized CuKα radiation and an (XRDat 2theta between 10° and 90° 

Fourier transform infrared spectroscopy (FTIR): The FTIR spectra of EB, the selected coformer, the selected formula, and Niacinamide were measured. The  samples were scanned in the range between 4000 and 400 cm-1 To detect possible drug-coformer Interactions38.

Scanning electron microscopy: Using a scanning electron microscope, the surface morphology of the produced cocrystals was compared to that of the EPL and NIC and selected formula. It is a type of electron microscope that produces images of a sample by scanning it with a high-energy electron beam. It is used to determine the cocrystal's surface properties 39.

Differential Scanning Calorimetry (DSC): Device for measuring heat transfer (DSC-60) made by Shimadzu in Japan. The instrument temperature increased from 25 to 300 °C at a heating rate of 10 °C/min, with a nitrogen flow rate of 50 mL/min. Shimadzu® Co. supplied the software (TA-60WS) version 2.2 for data collection and analysis, which was used to generate and analyze the thermograms.

Stability studies: The influence of temperature on the stability of the co-crystal of the optimum formula was studied by storing samples at two temperatures (50 °C and room temperature) for 2 months. At the end, the formula was characterized by visual appearance, solubility, and drug content.

Statistical analysis: The experimental data were presented as the mean and standard deviation (STDV) for each sample and were analysed using a one-way analysis of variance. A P-value ≤ 0.05 was considered statistically significant, as determined using SPSS.

RESULTS

Selection of Coformer: Based on the supermolecule synthon, EPL has six hydrogen-bond acceptors and zero hydrogen- bond donors; niacinamide has one hydrogen-bond donor; and CTA has one hydrogen-bond donor, making it highly likely to form a co-crystal. Eplerenone pKa = 4.2, pKa of niacinamide = 3.5, and citric acid pKa1 = 3.1, pKa2 = 4.7, and pKa3 = 6.40. According to the ΔpKa rule, ΔpKa (EPL - NCA) = -7.7 (-4.2- 3.5), and ΔpKa (EPL – CtA) = ( -7.3, -8.9, and - 10.6), respectively, which favors co-crystal formation.

Percentage Yield and Drug Content of the prepared Eplerenone Co-crystal: All formulations exhibit yields ranging from 80% to 98%, depending on the coformer type and the preparation method used for Eplerenone co-crystals, as shown in Table 2. Citric acid shows a low yield by the slurry method in EP9 and EP10; the percent drug content of all formulas was in the range of 95%-99%, as shown in Table 2, indicating a minor loss of drug during co-crystal formation. 
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Table 2: Percentage yield, drug content and solubility of Eplerenone Co-crystal Formulas by different methods

Formula cod Eplerenone:coformer Percentage of Drug Content Eplerenone solubility mg/ml

molar ratio yield %

Eplarenon - - - 0.3 ±0.018

pure drug


	EP1	1-1	95	89.1	0.38±0.03

	EP2	1-2	95	79.32	0.4±0.025

	EP3	1-3	98	99.1	0.48±0.015

	EP4	1-4	97	98.2	0.55 ± 0.03

	EP5	1-5	95	94.8	0.61±0.01

	EP6	1-6	95	99.6	1.98±0.015

	EP7	1-1	89	92.1	0.35± 0.022

	EP8	1-2	89	94.9	0.42±0.011

	EP9	1-4	80	98.5	0.48± 0.02

	EP10	1-6	85	97.22	0.51±0.01



n=3 ±SD

Saturated Solubility: Saturated solubility increased significantly (p<0.05) as the coformer molar ratio rose. This can be

attributed to the properties of co-crystals, which are thought to enhance solubility by altering lattice and solvation energies

and by increasing solvent affinity due to the presence of the coformer. 40,41

Morphology: The Optical microscope (Figure 3) revealed a change in the surface morphology of co-crystals compared to

pure Eplerenone; the SEM of the EP 6 co-crystal shows block co-crystals.

Figure 3: Optical Microscope Image of Eplerenone and Niacinamide - Eplerenone cocrystal
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Figure 4: SEM of EP6 Co-crystal

Powder X-ray diffraction (PXRD):  The PXRD pattern of Eplerenone revealed its sharp crystalline peaks at 2θ values of 10°, 14.55°, 15.55°, 17.5°, and 24.85° (42), as shown in Figure 5. The niacinamide PXRD pattern Figure 6 exhibited characteristic crystalline diffraction bands at 2θ of 14.61, 22.07, 25.67, 27.06, and 36.83, respectively. This indicates that the carrier is also in a crystalline state, which agrees with prior studies 42. Figure 7 shows PXRD of the former co-crystal, in which the new crystallographic peak differs from the characteristic peaks of Eplerenone and Niacinamide at 6° and a highly intense peak at 10° and 15°; the PXRD of the co-crystal shows a new diffractogram (different from EPL and Niacinamide). This result indicated the formation of a new crystal lattice  37,43

[image: ]

Figure 5: Powder X-ray diffraction oof Eplerenone
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Figure 6: Powder X-ray diffraction of Niacinamide

[image: ]

Figure 7: Powder X-ray diffraction of Niacinamide - Eplerenone cocrystal

Fourier transform infrared spectroscopy (FTIR): The analysis was performed using a KBr disc, as shown in the accompanying figure. The spectra of Eplerenone revealed distinct absorption bands linked to its primary functional groups. These included a C-H stretching band at 2970.38 cm⁻¹, an anhydride O-C-O stretching band at 1724.37 cm⁻¹, a C=O ester stretching band at 1776 cm⁻¹, and a C-O stretching band at 1654.92 cm⁻¹. Niacinamide displayed a peak at 3369 cm⁻¹, attributed to the symmetric stretching vibration of the amino group (Figure 9). Additionally, the C=O and –CN stretching vibrations were observed at 1616 and 1423 cm⁻¹, respectively, consistent with the literature 45. The hydrogen acceptor groups of EPL are the carbonyl group, Ester group, and Epoxide group; the stretching of this group was faded in the FTIR of EP6 due to hydrogen bond formation between EPL and Niacinamide and formation cocrystal 44,45
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Figure 8: 

FTIR spectrum of Eplerenone

  

 

Figure 9: 

FTIR spectrum of  Niacinamide 
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Figure 10: 

FTIR spectrum of Eplerenone- Niacinamide co-crystal  

 

In vitro drug release

: In this study's dissolution experiments, the best formulations were dissolved to examine how the 

coformer affects eplerenone's dissolution profile. As shown in Figure 10, these formulations released the drug more quickly 

and distinctly compared to the pure drug. The increased solubility of eplerenone led to a higher dissolution rate of the 

cocrystals 

41 

. To leverage the biopharmaceutical benefits of highly soluble co-crystals

46

. 

 

 

Figure 11: 

in vitro eplerenone and Eplerenone- Niacinamide co-crystal  

 

Differential scanning calorimetry (DSC)

: The pure drug samples were subjected to DSC analysis by heating 

at a 

constant rate of 10 °C/min over the temperature range of 25 °C to 300 °C, using hermetically sealed aluminum pans. The 

indium standard was used to calibrate the DSC temperature and enthalpy scale. It exhibited a distinct endothermic peak 

at around 243.9 °C, as shown in Figure 12, indicating the drug's melting point, which was near the reported value 

47 

. 

Demonstrating that the drug has a crystalline structure and high purity. Figure 13 shows the melting point of EP6, which 

is equal to 220.4°C, which differs from the EPL melting point, indicating the formation of a new crystalline lattice. 
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Figure 12:

thermogram of EPL

Figure 13:

thermogram of EP 6 Co-crystal

Stability study: The optimum formula was studied for stability after two months in different conditions at the end, the

formula was characterized by visual appearance, solubility, and drug content. as shown in Table 3


	Storage condition Formula before stability study	Visual appearance White crystal	Solubility 1.93mg/ml	Drug content 98%

	Formula after stability study at 25 C Formula after stability study at 50 C	White crystal White crystal	1.88mg /ml 1.91 mg /ml	97.2% 98.6%



Strengths and limitations of the study: The work investigated the co-crystallization of eplerenone as a potential strategy to

overcome the poor aqueous solubility of this BCS Class II drug. Two techniques were used to prepare the co-crystals:

solvent evaporation and slurry methods. The use of niacinamide and citric acid as co-formers allowed an evaluation of

how different co-formers and their ratios affect the physicochemical properties of eplerenone. The formulations were

evaluated for key pharmaceutical parameters, including percentage yield, drug content, solubility, and dissolution,

providing a relatively complete assessment of the performance of the formulations. A limitation of the study was that no

in vivo pharmacokinetic or pharmacodynamic studies have been conducted to assess the potential therapeutic benefit of

the optimized co-crystals. It has not been established whether the developed co-crystals have good physical and chemical

stability, since no long-term stability studies have been carried out under different storage conditions. The amount of drug

reported varied from 79% to 99%, indicating that more optimization is required if reproducible high drug loading is to be

achieved. Clinical studies should examine whether the improved physicochemical properties result in real therapeutic

benefits in the case of eplerenone therapy.
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Implications of the findings of the study: The results of the present study suggest that co-crystallization is a feasible approach to

improve the physicochemical properties of eplerenone, especially its poor aqueous solubility and dissolution behavior. The

almost six-fold increase in solubility suggests that the formation of eplerenone co-crystals with suitable co-formers can

improve drug dissolution and thus gastrointestinal absorption. The formation of new crystalline phases, as demonstrated

by FTIR, PXRD, DSC, optical microscopy and SEM, indicates that co-crystallization can modify the solid-state structure

of eplerenone. The results also show that the type and ratio of co-former are important in controlling the drug content

and physicochemical performance of the prepared co-crystals.
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