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ABSTRACT  

Enhancing the physicochemical properties of active pharmaceutical ingredients (APIs) has 
been achieved by utilizing solid modification through the formation of co-crystals. Co-

crystal was formed from active pharmaceutical ingredients and co-crystal former, more 

commonly called coformers. The occurrence of hydrogen bonds in the formation of co-
crystals depends on the presence of groups that act as hydrogen bond donors or acceptors in 

API. Amide-derived coformers are widely used to form hydrogen bonds with API. This 

review aims to examine the potential of amide derivates as co-crystal-forming materials 

(coformers), groups in active pharmaceutical ingredients that can form hydrogen bonds with 
amide derivates and their impact on the physicochemical properties of API. Initial search 

results yielded 88 articles. Furthermore, the authors then conducted a screening based on 

exclusion and inclusion criteria, so that a total of 54 articles were obtained as review 
material. Data analysis in this journal review was carried out using descriptive analysis. 

Amide derivates have great potential to be used as co-crystal-forming materials due to the 

presence of amide or carboxamide groups (-CONH2), which can act as donors as well as 
acceptors of hydrogen bonds. Most of the amide-derived coformers with aliphatic amide 

groups, aromatic amides, pyridine carboxamides, and sulfonylcarboxamide form 

heterosynthon bonds with carboxylic groups on API. However, the formation of 

homosynthon bonds between amide and amide groups can occur, as in the 5-fluorouracil-
urea co-crystal. Most of the amide derivates as coformers can change the physicochemical 

properties of APIs, especially in increasing the solubility and dissolution rate. 

Keywords: Co-crystal, coformer, amide derivates, heterosynthon, physicochemical 

properties.  

 

INTRODUCTION 

Many studies related to altering the physicochemical properties of drug compounds, 
such as solubility, stability, hygroscopicity, and mechanical properties, have been performed 

through solid modification by the formation of salts and co-crystals (Liu, J., et al., 2021; 

Marani et al., 2021), solid dispersion, and co-amorphous (Sharma et al., 2022). 
Approximately 40% of drug products are released into the market, and nearly 90% of drugs 

are found to have poor solubility (Kalepu & Nekkanti, 2015). Solid modification through the 

formation of co-crystals has been widely used to improve these physicochemical properties. 
Co-crystals are multicomponent crystals consisting of active substances and coformers 

in solid form that interact through non-covalent interactions with stoichiometric ratios (Chen 

et al., 2016). Co-crystals can improve the physicochemical properties of active 
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pharmaceutical ingredients (APIs) without changing the chemical structure (Sun, 2013; 

Karimi-Jafari et al., 2018). Most coformers are excipients, but coformers can also be active 
pharmaceutical ingredients that have medicinal properties. In addition, coformers can also be 

in the form of food additives and preservatives. Compounds derived from carboxylic acids, 

both aliphatic carboxylic acids, such as oxalic acid, tartaric acid, maleic acid, malic acid, 

glutaric acid, and others, as well as aromatic carboxylic acids, such as benzoic acid, salicylic 
acid, and gallic acid, are most widely used as coformers due to the presence of carboxylic 

groups, which act as donors as well as acceptors of hydrogen bonds. Apart from carboxylic 

acid derivates, amide derivates also have great potential as coformers due to the presence of 
amide groups, which act as hydrogen bond donors and acceptors. Amide-derived coformers 

are widely used to form hydrogen bonds with API (Rachmaniar, et al., 2020). The formation 

of hydrogen bonds also depends on the presence of groups that act as hydrogen bond donors 

or acceptors in the API. This study aims to review the potency of amide derivates as co-
coformers, groups in active pharmaceutical ingredients that can form hydrogen bonds with 

amide derivates and their impact on the physicochemical properties of APIs. 

 

RESEARCH METHODS 

Tools and Materials 

This review article was written from national and international journals using Google 
Scholar and Pubmed search engines. The selected literature relates to the formation of co-

crystals with amide-derived coformers by using the keywords "co-crystal", "amide 

coformer", "nicotinamide coformer", "acetamide coformer", "urea coformer", "picolinamide 

coformer", "isonicotinamide coformer", and “saccharin coformer” with publication year 
range 2013–2023. 

Article Selection Criteria 

The inclusion criteria for this review article were articles published between 2013 
and2023, in Indonesian or English, and original research articles related to amide-derived 

coformers. The exclusion criteria for this review article are articles that are not related to the 

material or topic of discussion. 

Research Procedure 

Initial search results using the keywords "co-crystal", "amide coformer", 

"nicotinamide coformer", "acetamide coformer", "urea coformer", "picolinamide coformer" 

and "isonicotinamide coformer" through Google Scholar obtained 83 articles, Pubmed 5 
articles, so a total of 88 articles. The results of duplication-checking found the same two 

articles, so a total number of articles obtained was 86. The authors then filtered the inclusion 

and exclusion criteria to obtain a total of 54 articles to be reviewed. The data analysis for this 
assessment was carried out using descriptive analysis. The flowchart of  the literature study 

in this review is shown in Figure 1. 
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Figure 1. Flowchart of review writing method 

 

RESULT AND DISCUSSION 

The preparation of the co-crystal is carried out by modifying the solid form of API to 
produce API with better physicochemical properties without changing the desired biological 

properties. (Izutsu et al., 2016). Although co-crystals have been extensively studied, the 

definition of co-crystals varies from one study to another. The United States Food and Drug 

Administration states that pharmaceutical co-crystals are "crystalline materials consisting of 
two or more different molecules, usually the active pharmaceutical ingredients and co-crystal 

formers (coformers) in the same crystal lattice", and that "from a physical chemistry point of 

view, co-crystals are different from solvates and hydrates in that the material forming the co-
crystal (coformer) is not a liquid" (Raheem et al., 2020).  

Coformer is an excipient with a small molecular weight that is required in small 

amounts in the formation of co-crystals because the ratio of coformer and drug in forming 
co-crystals uses a stoichiometric ratio. Stoichiometric ratios are used in forming co-crystals 

because co-crystals require molecular interactions in the process of their formation, such as 

hydrogen bonds and van der Waals bonds (Rachmaniar et al., 2020). In general, the ratio 

between API and coformer is 1:1, 1:2, or vice versa. Coformers from active pharmaceutical 
ingredients are known as drug-drug co-crystals. Pharmaceutical active ingredients and 

coformers can be acidic, basic, or neutral (Rodrigues et al., 2020). 

In the formation of co-crystals, API and coformer molecules interact to form non-ionic 
and non-covalent bonds, such as hydrogen bonds, π-π interactions, or van der Waals 

interactions. (Hairunnisa et al., 2019). This is what distinguishes it from salt, which involves 

ionic interactions. Strong hydrogen bonds occur when a hydrogen atom is bonded 
noncovalently to an atom with a high electronegativity, such as nitrogen, and interacts with a 

negatively charged and relatively less polar acceptor atom, such as oxygen (Shteingolts et 

al., 2021). Meanwhile, bond-withdrawing donors such as carbon and acceptor groups such as 

electron clouds from aromatic rings will form weak hydrogen bonds. The strength of the 
hydrogen bond is often estimated based on the donor-acceptor distance. This hydrogen bond 

will form a supramolecular synthon, which includes two types of formations, namely 

homosynthon and heterosynthon, which can form strong crystals. Synthones are structural 
units involved in intermolecular interactions that lead to the formation of co-crystals. In 

other words, a synthone is a part of a molecule or an ion that interacts specifically with the 

corresponding synthone in another molecule to form a stable crystal structure. Crystal 
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structure analysis (CSD) can be used to predict the likelihood of supramolecular synthon 

formation (Groom & Allen, 2014). 
Coformers are generally selected from a list of compounds that have been designated 

by the USFDA as Generally Recognised as Safe (GRAS). Coformers do not affect the 

pharmacological effects of API (Thayyil et al., 2020). Compounds included in GRAS are 

consumer choices that are safe for human use and economical (cheap). Coformers with high 
water solubility generally increase the solubility of active pharmaceutical ingredients when 

co-crystals are formed (Kuminek et al., 2016; Machado et al., 2020).  

Amide derivates are widely used as co-crystal forming materials because they have -
C=O and -NH groups. These groups act as hydrogen bond acceptors and donors, 

respectively. The -C=O group can act as a hydrogen bond acceptor by providing a lone pair 

of electrons on the oxygen atom, which can interact with hydrogen bond donors on the API. 

Conversely, the -NH2 group can act as a hydrogen bond donor by providing hydrogen atoms 
that can form hydrogen bonds with hydrogen bond acceptors on the API. Based on the 

structure, the co-crystal-forming materials of amide derivates consist of 

pyridinecarboxamides, aliphatic amides, aromatic amides, and sulfonylcarboxamides.  
The pyridinecarboxamide group can form hydrogen bonds with other molecules that 

have suitable hydrogen bond donors or acceptors. Hydrogen bond interactions can form 

between the hydrogen atoms in the amide group and the hydrogen bond acceptor, such as the 
-C=O group in API, which has a carboxylic group. In addition, the oxygen atom in the 

carbonyl group of pyridine carboxamide can also interact with hydrogen bond donors, such 

as -OH and -NH groups, which are available on the API. 

Amide derivates with an aliphatic amide structure, such as acetamide, propionamide, 
and urea, have a carboxamide group that can form hydrogen bonds with pharmaceutical 

active ingredients. Urea coformer is expected to affect the solubility of API greatly. Urea 

also has functional groups that are often found in co-crystal hydrogen bonding patterns, so 
this coformer is often a candidate for co-crystal screening (Gunawardana & Aakeröy, 2018). 

Figure 2 is an example of an amide derivative widely used as a coformer.  

 
 

Figure 2. Amide derivative coformer materials used for the formation of co-crystals 

Intermolecular interactions involving synthons that have the same composition and 

characteristics will form homosynthons For example, hydrogen bonds formed from non-

covalent interactions between hydrogen bond donor and hydrogen bond acceptor groups 
originating from carboxylic acids between carbonyl and hydroxyl groups, and synthons 

formed between amide groups with other amides (homodimers) will also form homosynthon. 

While supramolecular heterosynthon occurs in hydrogen bonds formed from different 

groups, for example between aromatic carboxylic acid-nitrogen functional groups, 
carboxylic acids-amides, and alcohol-pyridines, with non-covalent styles (Savjani & Pathak, 

UreaPropionamide BenzamideAcetamide

Isonicotinamide Nicotinamide Picolinamide Saccharin
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2016), The location of the hydrogen bonds in the formation of co-crystals between amide 

derivates and active pharmaceutical ingredients (APIs) is shown in Table I. 

 

Table I. Location of Hydrogen Bonds in Co-Crystal Formation between Amide 

Derivates and Active Pharmaceutical Ingredients 

Coformer APIs 
Type and the location of the 

hydrogen bond (synthon) 
References 

Aliphatic amides    

Acetamide Myricetin Type: Heterosynthon  

The carbonyl group (myricetin) binds 
to N of the amide group (acetamide). 

The hydroxyl (myricetin) binds to the 

carbonyl group (acetamide) 

(Mureşan-

Pop et al., 
2016) 

 Entacapone Type: Heterosynthon  

The carbonyl group (entacapone) binds 

to N of the amide group (acetamide) 

The phenol group (entacapone) binds 
to the carbonyl group (acetamide) 

(Bommaka 

et al., 2018) 

Propionamide Triflusal Type: Heterosynthon  

The carbonyl group (triflusal) binds to 
N of the amide group (propionamide). 

The hydroxyl group (triflusal) binds to 

carbonyl group (propionamide). 

(Aitipamula 

et al., 2015) 

 Gallic acid Type: Heterosynthon  
The carbonyl group (propionamide) 

binds to the hydroxyl group (gallic 

acid). 
N of amide group (propionamide) 

binds to carbonyl group (gallic acid). 

(Jyothi et 
al., 2019) 

Urea 5 -Fluorouracil Type: Heterosynthon  

The carbonyl group (5 -fluorouracil) 
binds to N of the amide group (urea). 

The Amine group (5-fluorouracil) 

binds to the Carbonyl group (urea). 

(Cuadra et 

al., 2020) 

 Febuxostat Type: Heterosynthon  
The carbonyl group (febuxostat) binds 

to N of the amide group (urea). 

The hydroxyl group (febuxostat) binds 
to the carbonyl group (urea). 

(An et al., 
2017) 

Aromatic amides   

Benzamide Probenesid Type: Heterosynthon  

The carbonyl group (probenesid) binds 
to N of the amide group (benzamide), 

The hydroxyl group (probenecid) 

binds to carbonyl group (benzamide). 

(Bruni et 

al., 2020) 

 Carbamazepine Type: Heterosynthon 
The N of amide group 

(carbamazepine) binds to the carbonyl 

group (benzamide). 
The carbonyl group (carbamazepine) 

binds to the hydroxyl (benzamide). 

(Manin et 
al., 2022) 

Pyridine carboxamides derivative 
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Isonicotin-

amide 

Bergenin Type: Heterosynthon 

The carbonyl (bergenin) binds to N of 

amide group (isonicotinamide). 
The hydroxyl group (bergenin) binds 

to the carbonyl group 

(isonicotinamide). 

(Liu et al., 

2021) 

 Furosemide Type: Heterosynthon 

The carbonyl group (Furosemide) 

binds to N of the amide group 

(isonicotinamide).  
The hydroxyl group (furosemide) 

binds to the carbonyl 

(isonicotinamide). 

(Kerr et al., 

2015) 

Nicolinamide Ibuprofen Type: Heterosynthon 

The carbonyl group (ibuprofen) binds 

to N of amide group (Nicotinamide). 

The hydroxyl (ibuprofen) binds to the 
carbonyl group (nicotinamide). 

(Yuliandra 

et al., 2018) 

 Salicylic acid Type: Heterosynthon 

The carbonyl group (salicylic acid) 
binds to N of amide group 

(nicotinamide).  

The hydroxyl group (salicylic acid) 

binds to the carbonyl group 
(nicotinamide). 

(Lee et al., 

2016) 

Picolinamide Hydrochlorothia

zide 

Type: Heterosynthon 

The N of sulfonyl group 
(hydrochlorotiazide) binds to the 

carbonyl group (picolinamide).  

(Gopi et al., 

2017) 

 Quercetin Type: Heterosynthon 

The carbonyl (quercetin) binds to N of 
the amide group (picolinamide). 

The hydroxyl group (quercetin) binds 

to the carbonyl group (picolinamide). 

(De Souza 

et al., 2022) 

Sulfimide derivates   

Saccharin Carbamazepine Type: Heterosynthon 

The carbonyl group (carbamazepine) 

binds to N-sulfonyl carboxamide 
group (saccharin). 

The N of the amide group 

(Carbamazepine) binds to the O 

sulfonyl group (saccharin). 

(Roca-

Paixão et 

al., 2019) 

 Indomethacin Type: Heterosynthon 

The hydroxyl in carboxylic groups 

(indomethacin) binds to sulfonyl 

(saccharin) 
The carbonyl in the carboxylic group 

(indomethacin) binds to N of 

sulfonylcarboxamide group. 

(Connor et 

al., 2019) 

 

Amide derivative co-crystal-forming materials can enhance the physicochemical 

properties of active pharmaceutical ingredients. In the probenecid-benzamide co-crystal, it 

shows that the aromatic ring, C=O carboxylate of probenecid plays an important role in the 
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formation of hydrogen bonds with the amide group of benzamide. This led to the formation 

of strong hydrogen bonds and supramolecular synthons, which underlie the formation of co-
crystals. Co-crystal solubility and dissolution rates measured in several bio-relevant liquids 

showed a marked increase compared to pure probenecid (Bruni et al., 2020). 

Paliperidone-benzamide and paliperidone-nicotinamide co-crystals have succeeded in 

increasing the solubility and dissolution of paliperidone. Coformers such as benzamide, 
nicotinamide, and PHBA were found to be suitable for co-crystal preparation with 

paliperidone based on predictions of co-crystal formation by theoretical calculations using 

HSP. Paliperidone has one hydrogen bond donor group and seven hydrogen bond acceptor 
groups. Further, the formation of co-crystals by coformers was confirmed by the results 

obtained from Fourier transform infrared (FTIR), powder X-ray diffraction (PXRD), thermal 

analysis, and microscopy methods (Thimmasetty et al., 2021). 

Aitimula et al. developed various amide-derived coformers, which have an impact on 
the stability of active pharmaceutical ingredients. The triflusal co-crystal was stable under 

slurry and accelerated conditions (40°C, relative 77%), indicating that the triflusal co-crystal 

with benzamide (BA), isonicotinamide, propionamide, picolinamide, and urea was stable 
under accelerated conditions. Intermolecular interactions occur between amide-acid and 

pyridine-acid molecules. All co-crystals have heterosynthone features, as shown by analysis 

of the crystal structure of the co-crystals. Thermal analysis, except for the triflusal-
isonicotinamide co-crystal, showed that all of the co-crystals melted at a lower temperature 

compared to the melting points of the triflusal and conformer (Aitipamula et al., 2015).  

In the carbamazepine co-crystal with benzamide, hydrogen bonds are formed between 

the hydrogen atoms on the carbamazepine amide group and the oxygen atom on the 
benzamide carbonyl group. In the carbamazepine-isonicotinamide co-crystal, hydrogen 

bonds are formed between the hydrogen atoms in the carbamazepine amide group and the 

nitrogen atom in the isonicotinamide pyridine group. This hydrogen bond interaction can 
affect the crystal structure and physicochemical properties of the carbamazepine co-crystal. 

Hydrogen bonds can increase the stability and solubility of co-crystals, as well as affect the 

pharmacokinetic and pharmacodynamic properties of drugs. This study demonstrated that 
the formation of carbamazepine co-crystals with benzamide and isonicotinamide can 

increase the solubility of carbamazepine (Manin et al., 2022).  

Furosemide is a loop diuretic drug that has low solubility and permeability. With the 

formation of the furosemide-isonicotinamide co-crystal, its solubility can be increased by 5.6 
times that of pure furosemide. The furosemide molecule contains COOH, NH, and SO2NH2 

groups which have a great opportunity to form hydrogen bonds. The COOH and SO2NH2 

groups are known to provide strong hetero synthesis through O-H hydrogen bonds and N-
HO, which form a variety of stable supramolecular structures (Kerr et al., 2015). 

Bergenin-isonicotinamide co-crystal (1:1, molar ratio) had better solubility and 

intrinsic solution rate (IDR) in aqueous and buffer solutions with pH values of 1.2, 4.5, and 

6.8. The solubility of bergenin-isonicotinamide in water is 3.72 ± 0.22, while pure genin is 
1.42 ± 0.006 mg/mL; this shows an increase of 2.62 times. The increase also occurred in the 

intrinsic dissolution of BER-ISN in water, which was 29.90 ± 0.04, while bergenin pure was 

18.64 ± 0.27 mg/mL. The formation of hydrogen bonds occurs through the interaction of 
heterosynthone carbonyl groups (C=O), hydroxyl groups (-OH), and amide groups (-NH2) 

(Liu, H., et al., 2021).  

The dissolution of atorvastatin calcium co-crystal with isonicotinamide via solvent 
evaporation was higher than that of standard atorvastatin calcium. The dissolution of calcium 

atorvastatin co-crystals increased by 3.79% when compared to standard atorvastatin. Based 

on the results of statistical tests, the dissolution profiles between standard calcium 

atorvastatin and co-crystal had a significant difference. The co-crystal that has the highest 
solubility is the co-crystal formed by solvent evaporation, with an increase in solubility of 

85.53%. The increase in solubility can be caused by several mechanisms, including the 

formation of a new co-crystallized phase with better physicochemical properties, especially 
solubility (Gozali et al., 2013). 
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The carboxylic group in the salicylic acid molecule can act as a donor as well as an 

acceptor for hydrogen bonds. The N atom in the coformer will interact to form NH-O and N-
HO hydrogen bonds with the carboxylic group of salicylic acid. The COOH-N 

heterosynthon, as found in the carboxylic acid-pyridine hydrogen bond, is one of the keys to 

success in the co-crystal design strategy, so it can be said to be a supramolecular synthon. 

Salicylic acid is known as a material that is difficult to dissolve in water at around 2.36 g/L 
at 30°C. Salicylic acid co-crystals (derived from the reaction between aspirin and its 

constituents) with nicotinamide and isonicotinamide have been investigated to improve the 

physicochemical properties of antipyretic agents. The solubility of co-crystals increases 
because co-crystals have better stability in water (salicylic acid-nicotinamide: 38.6 g/L, 

salicylic acid-nicotinamide: 16.7 g/LL) (Lee et al., 2016).  

Based on solubility studies at different pHs, flurbiprofen picolinamide and benzamide 

co-crystals were found to be more soluble than pure flurbiprofen. The analysis was carried 
out using a thermodynamic solid-liquid binary phase diagram. The crystal structure was 

analyzed using diffraction data from a high-resolution synchrotron. To find out more about 

the energy differences between crystal structures, periodic calculations using DTF (density 
functional theory) are also carried out. In addition, the thermodynamic stability relationship 

between different solid phases has been modeled with the Gibbs energy of various co-

crystal-forming materials (Surov et al., 2019).  
Based on its chemical structure, nicotinamide has a high probability of forming co-

crystals with various active pharmaceutical ingredients (Alatas et al., 2014). Nicotinamide is 

widely used as a hydrophilic coformer in the formation of co-crystals. As a coformer, the 

nitrogen atom in the pyridine group can form hetero synthons with pharmaceutical active 
ingredients between carboxylic acid and pyridine, amide, and pyridine, or other interactions. 

If there is an amide group, nicotinamide can also form hetero synthons with pharmaceutical 

active ingredients between carboxylic acid amides or amide-amide homosynthon (Wang et 
al., 2013). Nicotinamide can increase the solubility of various APIs through the formation of 

stacking complexes that occur between electron donors and π electron acceptors; for that 

reason, nicotinamide is also known as a hydrotropic agent. Complex formation can also 
increase the chemical stability of API (Alatas et al., 2014). The presence of amide groups 

and N-pyridine in nicotinamide causes a large opportunity to form co-crystals with 

carvedilol (Fernandes et al., 2019). The increase in drug release can be due to the formation 

of hydrogen bonds between the amide functional group and the carboxyl group of 
nicotinamide. The co-crystal of ibuprofen with nicotinamide shows a different X-ray 

diffraction pattern than the original compound. The thermal behavior of the co-crystal 

showed a sharp endothermic peak at 96.24°C. The results of the study concluded that the co-
crystalline phase of ibuprofen with nicotinamide significantly increased the solubility of pure 

ibuprofen (Yuliandra et al., 2018). Nicotinamide has also been shown to increase the 

solubility of simvastatin co-crystals threefold compared to pure simvastatin and its physical 

mixture (Sopyan et al., 2017). Likewise, the solubility of pure mefenamic acid (6.62 g/mL) 
can be increased by the formation of mefenamic acid-nicotinamide co-crystals (7.35 g/mL) 

(Utami et al., 2017). Pure artesunate has a solubility of 1.2 mg/mL; with the formation of 

artesunate-nicotinamide co-crystals, there is a slight increase in solubility to 1.3 mg/mL 
(slurry method) and 1.4 mg/mL (solvent evaporation method). The increase in solubility 

occurs due to the formation of hydrogen bonds between the carboxylic groups in artesunate 

and the amide group in nicotinamide. Apart from that, this can also be seen from the 
lowering of the melting point that occurs in the crystal. The reduced melting point indicates a 

reduced crystal lattice so that the co-crystal is more soluble (Setyawan et al., 2015). 

Prulifloxacin has a solubility problem (20 mg/mL) in water, the modified prulifloxacin-

nicotinamide co-crystal can increase the solubility up to six times that of pure prulifloxacin. 
This can be seen from the results of the 120 mg/mL prulifloxacin-nicotinamide co-crystal 

solubility test using water in a water bath shaker at 35 ± 2°C (Raghuram et al., 2014). 

Hydrochlorothiazide (HCT), one of the BCS class IV diuretic drugs can form co-crystals 
with pyridinecarboxamide coformers. The physicochemical properties of HCT were 
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modified by the formation of co-crystals with nicotinamide and picolinamide coformers. The 

HCT-nicotinamide co-crystal can be increased by two times that of pure HCT (Sanphui et 
al., 2015). SCXRD showed that the catomer sulfonamide N-H synthone (the O found in the 

pure HCT stable polymorph) has been replaced by the coformer drug heterosynthone in the 

cocrystal (Gopi et al., 2017).  

Urea as a co-crystal-forming material has an amide group that can interact with 
carboxylic, pyridine, hydroxyl, and amide groups to form hydrogen bonds, thereby 

increasing the solubility, dissolution, or stability of pharmaceutical active ingredients, such 

as in aceclofenac-urea co-crystals (Kumar et al., 2020), catechin-urea co-crystals (Bakhtiar et 
al., 2015), ellagic-urea acid (Leng et al., 2021), bumetanid-urea co-crystal (Allu et al., 2020), 

and febuxostat-urea co-crystal (An et al., 2017). The formation of 5-fluorouracil co-crystals 

with urea coformers has succeeded in increasing the solubility of pure 5-fluorouracil 2.5–3 

times and increasing its thermal stability (Cuadra et al., 2020). 5-Fluorouracil forms a 

homosynthon bond with urea, where hydrogen bonds occur between the carbonyl group of 5-

fluorouracil and the NH2 group of urea, as well as between the -NH2 group of 5-fluorouracil 
and the carbonyl group of urea. Ethyl p-methoxycinnamate (EPMS) is less soluble in water, 

causing limitations in its dissolution and bioavailability. With the formation of hydrogen 

bonds in the EPMS-urea co-crystal, there is a decrease in particle size, a decrease in 

crystallinity, and an increase in solubility in water (1.6 times that of pure EMPS) 
(Rachmaniar et al., 2020). The use of co-crystal formers of amide derivates and their effects 

on the physicochemical properties of active pharmaceutical ingredients can be seen in Table 

II. 
    

Table II. Applications of Co-Crystal Formers of Amide Derivates and Their Effects on 

the Physicochemical Properties of Active Pharmaceutical Ingredients 

Coformer and 

APIs  

Physicochemical properties 

affected 
Method References 

Acetamide conformer   

Myricetin Solubility and dissolution 

increased 4 times. 

Solvent drop 

grinding 

(Mureşan-

Pop et al., 

2016) 

Benzamide conformer   

Carbamazepine Solubility and stability increase 

based on melting point 

measurement, Gibs energy 

sublimation, and enthalpy 
calculation. 

Slurry (Manin et al., 

2022) 

Probenecid The solubility of probenecid in 

water increased from 72.2 mg/mL 
to 87.6 mg/mL. intrinsic 

dissolution probenecid in FeSSiF 

solution (pH 5) up from 29.9 

µg/min-1cm-2 to be 46.6 µg/min-

1cm-2. 

Kneading/solvent 

evaporation 

(Bruni et al., 

2020) 

Triflusal The melting point of triflusal 

becomes lower 

Solvent drop 

grinding 

(Aitipamula 

et al., 2015) 

Paliperidone The solubility of paliperidone 
increased 18.5 times, and the 

dissolution also up from 48.84% 

to 88.96%. 

Solvent 
Evaporation 

(Thimmasetty 
et al., 2021) 

Risperidone The solubility increases from 0.66 

mg/mL to 12.3 mg/mL, and the 

Solvent 

Evaporation 

(Chandur et 

al., 2022) 
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dissolution increases from 28% to 

83.91%. 

Isonicotinamide conformer   

Carbamazepine Solubility and stability increase 

based on melting point 

measurements, Gibs energy 

sublimation, and enthalpy 
calculations. 

Slurry (Manin et al., 

2022) 

Bergenin Bergenin solubility increased 2.62 

times. 

Rapid solvent 

removal method 
(RSRM) 

(Liu, H., et 

al., 2021) 

Triflusal The melting point of triflusal 

becomes lower. 

Slurry (Aitipamula 

et al., 2015) 

Furosemide Furosemide solubility increased 
5.6 times. 

Solvent-assisted 
mechanochemical 

(Kerr et al., 
2015) 

Salicylic acid Salicylic acid solubility in water 

increased from 2.36 g/L to 16.7 

g/L. 

Solvent 

Evaporations 

(Lee et al., 

2016) 

Flurbiprofen Flurbiprofen solubility increases 

based on Ksp calculations and 

HYBOTS description. 

Thermodynamic 

analysis (Solid 

Liquid Binary 

phase diagram) 

(Surov et al., 

2019) 

Atorvastatin 

Calcium 

The solubility of atorvastatin 

calcium increased by 85.53%. 

Solvent 

evaporation, 

Solvent Drop 
Grinding 

(Gozali et al., 

2013) 

Its dissolution also increased by 

3.79%. 
pure atorvastatin calcium 

Diflunisal Solubility and dissolution 

Diflunisal increased to 1.5 to 3 
times. 

Solvent Co-

crystallizations 

(Cuadra et 

al., 2016) 

Nicotinamide conformer   

Carvedilol Carvedilol solubility increased 15 

times, and its release also 
increased 4.79 times than pure 

carvedilol. 

HME (Fernandes et 

al., 2019) 

Hydrochlorothiazide Hydrochlorothiazide solubility 

was increased 2 times. 

Liquid assisted 

grinding 

(Sanphui et 

al., 2015) 

Simvastatin Simvastatin solubility increased 

from 9 µg/mL to 30 µg/mL. 

Solvent 

Evaporation 

(Sopyan and 

Muchtaridi, 

2016) 

Ibuprofen The solubility of ibuprofen in 
water increased to 125 µg/mL. 

Solvent 
Evaporations 

(Yuliandra et 
al., 2018) 

Diflunisal Diflunisal solubility increased 

from 47 µg/mL to 66 µg/mL. 

Supercritical 

antisolvent (SAS) 

(Cuadra et 

al., 2016) 

Mefenamic acid The solubility of mefenamic acid 
increased from 6.62 µg/mL to 

10.45 µg/mL. 

Melt 
Crystallization 

(Utami et al., 
2017) 

Artesunate Artesunate solubility increased 
from 1.2 mg/mL to 1.3 and 1.4 

mg/mL (depending on the 

method). 

Slurry, Solvent 
Evaporations 

(Setyawan et 
al., 2015) 

Prulifloxacin Prulifloxacin solubility increased 
from 20 mg/mL to 120 mg/mL. 

Solvent  
Evaporation 

(Raghuram et 
al., 2014) 



 

Medical Sains  ISSN : 2541-2027; e-ISSN : 2548-2114      497 

Review: Potency Of Amide Derivates As Co-Crystal Former... (Dina Apriani, Fikri Alatas et al.) 

 

Salicylic acid The solubility of salicylic acid in 

water increased from 2.36 g/L to 

38.6 g/L. 

Solvent 

Evaporations 

(Lee et al., 

2016) 

Flurbiprofen Flurbiprofen solubility increases 

based on Ksp calculations and 

HYBOTS description. 

Thermodynamic 

analysis (Solid 

Liquid Binary 
phase diagram) 

(Surov et al., 

2019) 

Paliperidone Paliperidone solubility increased 

61 times, and ts dissolution 

increased from 48.84% to 70.39%.  

Hansen solubility 

parameter (HSP) 

(Thimmasetty 

et al., 2021) 

Picolinamide conformer   

Hydrochlorothiazide Hydrochlorothiazide solubility 

was increased 2 times. 

Liquid-assisted 

grinding, Ball 

milling 

(Gopi et al., 

2017) 

Naproxen Intrinsic dissolution increased 

from 1.26 mg/min-1 cm-2 to 1.39 

mg/min-1cm-2. 

 (Kerr et al., 

2017) 

Flurbiprofen Flurbiprofen solubility increases 
based on Ksp calculations and 

HYBOTS description. 

Thermodynamic 
(Solid Liquid 

Binary phase 

diagram) 

(Surov et al., 
2019) 

Propionamide conformer   

Triflusal The melting point of triflusal 

becomes lower. 

Solvent drop 

grinding 

(Aitipamula 

et al., 2015) 

Saccharin conformer   

Indomethacin The increased indomethacin 
solubility was calculated using the 

PSD (Phase Solubility Diagram). 

Antisolvent 
crystallization 

(Connor et 
al., 2019) 

Urea coformer    

Estradiol The solubility of estradiol 
increases. 

 (Shayanfar, 
2020) 

etil p-

metoksisinamat 
(EPMS) 

The solubility of EMPS is 1.6 

times higher than that of pure 
EMPS solvent. 

Solvent 

Evaporations 

(Rachmaniar 

et al., 2020) 

Aceclofenac The solubility of aceclofenac 

increased to 1.2 times (PM), 3.74 

times (LAG), 5.91 times (LG) and 
dissolution aceclofenac increased 

from 19.18 to 99.47 (NG), 82.83 

(LAG), and 36.84 (PM). 

Neat grinding, 

Liquid Assisted 

Grinding 

(Kumar et al., 

2020) 

Triflusal The melting point of triflusal 
becomes lower. 

Solvent drop 
grinding 

(Aitipamula 
et al., 2015) 

 

Pharmaceutical active ingredients having carboxylic, hydroxy, carbonyl, fluorine, and 
amide groups can form hydrogen bonds with amide derivative coformers by forming 

supramolecular synthon, which can affect the physicochemical properties of active 

pharmaceutical ingredients such as solubility, dissolution, stability, permeability, and 

mechanical properties. By increasing the physicochemical properties of active 
pharmaceutical ingredients, it is hoped that their bioavailability can also be increased. Co-

crystallization using amide derivates can be seen in Figure 3. 

 



 

498  ISSN : 2541-2027; e-ISSN : 2548-2114   

Medical Sains : Jurnal Ilmiah Kefarmasian Vol. 9 No. 2, April - June 2024, Pages. 487-502 

 

 

Figure 3. Co-crystallization using coformers of amide derivates 

CONCLUSION 
Most coformers of amide derivates with aliphatic amide groups, aromatic amides, 

pyridine carboxamides, and sulfonylcarboxamides form heterosynthons with carboxylic 

groups in active pharmaceutical ingredients. However, the formation of homosynthon 
between amide and amide groups can occur, as in the 5-fluorouracil-urea co-crystal. Amide 

derivates as co-crystal formers have been successful in modifying their physicochemical 

properties, especially in increasing the solubility and dissolution rate of active 

pharmaceutical ingredients.  
 

ACKNOWLEDGMENT  
Thank you to the entire team of lecturers in the Pharmaceutical Technology Expertise 

Group, Faculty of Pharmacy, Jenderal Achmad Yani University, who have assisted in the 

discussion on evaluating the physicochemical properties of co-crystals.  

 

REFERENCES  

Aitipamula, S. et al. (2015). Novel Pharmaceutical Cocrystals of Triflusal: Crystal 

Engineering and Physicochemical Characterization. CrystEngComm, 17(48), pp. 

9323–9335. https://doi.org/10.1039/c5ce01756d 
Alatas, F. et al. (2014). Kelarutan dan Stabilitas Kimia Kompleks Didanosin dengan 

Nikotinamid atau L-Arginin. Jurnal Sains Materi Indonesia, 15(2), pp. 94–102. 

http://jusami.batan.go.id 
Allu, S. et al. (2020). Novel Pharmaceutical Cocrystals and Salts of Bumetanide. Crystal 

Growth and Design, 20(2), pp. 793–803. 

An, J. H. et al. (2017). Structural Characterization of Febuxostat/L-Pyroglutamic Acid 

Cocrystal Using Solid-State 13C-NMR and Investigational Study of Its Water 
Solubility. Crystals, 7(12). https://doi.org/10.3390/cryst7120365 

Bakhtiar, A., Rahmah Gaesari, S., & Zaini, E. (2015). Pembentukan Kokristal Katekin 

dengan Nikotinamida. Jurnal Farmasi Sains dan Terapan, 2(2). 
Bommaka, M. K. et al. (2018). Entacapone: Improving Aqueous Solubility, Diffusion 

Permeability, and Cocrystal Stability with Theophylline. Crystal Growth and Design, 

18(10), pp. 6061–6069. https://doi.org/10.1021/acs.cgd.8b00921 

https://doi.org/10.1039/c5ce01756d
http://jusami.batan.go.id/
https://doi.org/10.3390/cryst7120365
https://doi.org/10.1021/acs.cgd.8b00921


 

Medical Sains  ISSN : 2541-2027; e-ISSN : 2548-2114      499 

Review: Potency Of Amide Derivates As Co-Crystal Former... (Dina Apriani, Fikri Alatas et al.) 

 

Bruni, G. et al. (2020). Probenecid and Benzamide: Cocrystal Prepared by A Green Method 

and Its Physico-Chemical and Pharmaceutical Characterization. Journal of Thermal 
Analysis and Calorimetry, 140(4), pp. 1859–1869. https://doi.org/10.1007/s10973-

019-09197-2 

Chandur, V. K., George, P., and Shabaraya, A. R. (2022). Solubility Enhancement of 

Risperidone by Cocrystallisation Technique. European Journal of Biomedical and 
Pharmaceutical Sciences. https://www.researchgate.net/publication/366289621 

Chen, Y. et al. (2016). Improving the Solubility and Bioavailability of Apixaban Via 

Apixaban-Oxalic Acid Cocrystal. Crystal Growth and Design, 16(5), pp. 2923–2930. 

Connor, L.E. et al. (2019) “Structural investigation and compression of a co-crystal of 

indomethacin and saccharin,” CrystEngComm, 21(30), pp. 4465–4472. Available at: 

https://doi.org/10.1039/c9ce00838a. 

Cuadra, I. A. et al. (2016). Pharmaceutical Co-Crystals of The Anti-Inflammatory Drug 

Diflunisal and Nicotinamide Obtained Using Supercritical CO2 as An Antisolvent. 

Journal of CO2 Utilization, 13, pp. 29–37. 
https://doi.org/10.1016/J.JCOU.2015.11.006 

Cuadra, I. A. et al. (2020). Cocrystallization of The Anticancer Drug 5-Fluorouracil and 

Coformers Urea, Thiourea or Pyrazinamide Using Supercritical CO2 as An 
Antisolvent (SAS) and as A Solvent (CSS). Journal of Supercritical Fluids, 160. 

Available at: https://doi.org/ 10.1016/j.supflu.2020.104813 

Fernandes, G. J., Rathnanand, M., & Kulkarni, V. (2019). Mechanochemical Synthesis of 

Carvedilol Cocrystals Utilizing Hot Melt Extrusion Technology. Journal of 
Pharmaceutical Innovation, 14(4), pp. 373–381. https://doi.org/10.1007/s12247-018-

9360-y 

Gopi, S. P., Banik, M., & Desiraju, G. R. (2017). New Cocrystals of Hydrochlorothiazide: 
Optimizing Solubility and Membrane Diffusivity. Crystal Growth and Design, 17(1), 

pp. 308–316. https://doi.org/10.1021/acs.cgd.6b01540 

Gozali, D. et al. (2013). Pembentukan Kokristal antara Kalsium Atorvastatin dengan 

Isonikotinamid dan Karakterisasinya. http://jusami.batan.go.id 
Groom, C. R. & Allen, F. H. (2014). The Cambridge Structural Database in Retrospect and 

Prospect. Angewandte Chemie International Edition, 53(3), pp. 662–671. 

https://doi.org/10.1002/ANIE.201306438 
Gunawardana, C. A. and Aakeröy, C. B. (2018). Co-Crystal Synthesis: Fact, Fancy, and 

Great Expectations. Chemical Communications, 54(100), pp. 14047–14060. 

https://doi.org/10.1039/C8CC08135B. 
Hairunnisa, H., Sopyan, I., & Gozali, D. (2019). Ko-Kristal: Nikotinamid sebagai Koformer. 

Jurnal Ilmiah Farmako Bahari, 10(2), p. 113. https://doi.org/10.52434/ jfb.v10i2.652 

Izutsu, K.-I. et al. (2016) Characterization and Quality Control of Pharmaceutical 

Cocrystals, Chem. Pharm. Bull, 64(10), pp. 1421-1430. 
Jyothi, K. L. et al. (2019). Cocrystals of Gallic Acid with Urea and Propionamide: 

Supramolecular Structures, Hirshfeld Surface Analysis, and DFT Studies. Crystal 

Research and Technology, 54(8), p. 1900016. 
https://doi.org/10.1002/CRAT.201900016 

Kalepu, S., & Nekkanti, V. (2015). Insoluble Drug Delivery Strategies: Review of Recent 

Advances and Business Prospects. Acta Pharmaceutica Sinica B, 5(5), pp. 442–453. 
https://doi.org/10.1016/J.APSB.2015.07.003 

Karimi-Jafari, M. et al. (2018). Creating Cocrystals: A Review of Pharmaceutical Cocrystal 

Preparation Routes and Applications. Crystal Growth and Design, pp. 6370–6387. 

https://doi.org/10.1021/acs.cgd.8b00933 
Kerr, H. E. et al. (2015). A Furosemide-Isonicotinamide Cocrystal: An Investigation of 

Properties and Extensive Structural Disorder. CrystEngComm, 17(35), pp. 6707–6715. 

https://doi.org/10.1039/c5ce01183c 

https://doi.org/10.1007/s10973-019-09197-2
https://doi.org/10.1007/s10973-019-09197-2
https://www.researchgate.net/publication/366289621
https://doi.org/10.1016/J.JCOU.2015.11.006
https://doi.org/%2010.1016/j.supflu.2020.104813
https://doi.org/10.1007/s12247-018-9360-y
https://doi.org/10.1007/s12247-018-9360-y
https://doi.org/10.1021/acs.cgd.6b01540
http://jusami.batan.go.id/
https://doi.org/10.1002/ANIE.201306438
https://doi.org/10.1039/C8CC08135B
https://doi.org/10.52434/%20jfb.v10i2.652
https://doi.org/10.1002/CRAT.201900016
https://doi.org/10.1016/J.APSB.2015.07.003
https://doi.org/10.1021/acs.cgd.8b00933
https://doi.org/10.1039/c5ce01183c


 

500  ISSN : 2541-2027; e-ISSN : 2548-2114   

Medical Sains : Jurnal Ilmiah Kefarmasian Vol. 9 No. 2, April - June 2024, Pages. 487-502 

 

Kerr, H. E. et al. (2017). Structure and Physicochemical Characterization of A Naproxen-

Picolinamide Cocrystal. Acta Crystallographica Section C: Structural Chemistry 73(pt 
3), pp. 168–175.  

Kumar, S. et al. (2020). Synthesis, Characterization and Performance Evaluation of 

Aceclofenac-Urea Cocrystals. Indian Journal of Pharmaceutical Sciences, 82(5). 

www.ijpsonline.com 
Kuminek, G. et al. (2016). Cocrystals to Facilitate Delivery of Poorly Soluble Compounds 

Beyond-Rule-of-5. Advanced Drug Delivery Reviews, 101, pp. 143–166. 

https://doi.org/10.1016/J.ADDR.2016.04.022 

Lee, K., Kim, K. J., & Ulrich, J. (2016). N-H⋯O, O-H⋯O Hydrogen Bonded 

Supramolecular Formation in The Cocrystal of Salicylic Acid with N-Containing 

Bases. Crystal Research and Technology, 51(3), pp. 197–206. 

https://doi.org/10.1002/crat.201500072 
Leng, F., Robeyns, K. and Leyssens, T. (2021). Urea as A Cocrystal Former—Study of 3 

Urea Based Pharmaceutical Cocrystals. Pharmaceutics, 13(5). https://doi.org/ 

10.3390/pharmaceutics13050671 
Liu, H. et al. (2021) ‘Bergenin-Isonicotinamide (1:1) Cocrystal with Enhanced Solubility 

and Investigation of Its Solubility Behavior. Journal of Drug Delivery Science and 

Technology, 64. https://doi.org/10.1016/j.jddst.2021.102556 
Liu, J. et al. (2021). Co-Amorphous Drug Formulations in Numbers: Recent Advances in 

Co-Amorphous Drug Formulations with Focus on Co-Formability, Molar Ratio, 

Preparation Methods, Physical Stability, In Vitro and In Vivo Performance, and New 

Formulation Strategies. Pharmaceutics, 13(3), p. 389. 
Machado, T. C. et al. (2020). The Role of pH and Dose/Solubility Ratio on Cocrystal 

Dissolution, Drug Supersaturation, and Precipitation. European Journal of 

Pharmaceutical Sciences, 152, p. 105422. 
https://doi.org/10.1016/J.EJPS.2020.105422 

Manin, A. N. et al. (2022). Formation Thermodynamics of Carbamazepine with Benzamide, 

Para-Hydroxybenzamide and Isonicotinamide Cocrystals: Experimental and 

Theoretical Study. Pharmaceutics, 14(9). 
https://doi.org/10.3390/pharmaceutics14091881 

Marani, M. et al. (2021). Intensity and Frequency of Extreme Novel Epidemics. Proceedings 

of the National Academy of Sciences of the United States of America, 118(35), p. 
e2105482118. 

https://doi.org/10.1073/PNAS.2105482118/SUPPL_FILE/PNAS.2105482118.SAPP.P

DF 
Mureşan-Pop, M. et al. (2016). Novel Nutraceutical Myricetin Composite of Enhanced 

Dissolution Obtained by Co-Crystallization with Acetamide. Composites Part B: 

Engineering, 89, pp. 60–66. https://doi.org/10.1016/j.compositesb.2015.11.024 

Rachmaniar, R., Tristiyanti, D., & Triyadi, F. H. (2020). Peningkatan Kelarutan Etil P-
Metoksisinamat dengan Pembentukan Kokristal menggunakan Metode Solvent 

Evaporation dan Koformer Urea. JSTFI Jurnal Sains dan Teknologi Farmasi 

Indonesia, IX(2). 
Raghuram, M. et al. (2014). Pharmaceutical cocrystal of prulifloxacin with nicotinamide. Int 

J Pharm Sci, 6(10). 

Raheem Thayyil, A. et al. (2020). Pharmaceutical Co-Crystallization: Regulatory Aspects, 
Design, Characterization, and Applications. Advanced pharmaceutical bulletin, 10(2), 

pp. 203–212. https://doi.org/10.34172/apb.2020.024 

Roca-Paixão, L., Correia, N. T., & Affouard, F. (2019). Affinity Prediction Computations 

and Mechanosynthesis of Carbamazepine Based Cocrystals. CrystEngComm, 21(45), 
pp. 6991–7001. https://doi.org/10.1039/c9ce01160a 

Rodrigues, M. et al. (2020). Considerations on High-Throughput Cocrystals Screening by 

Ultrasound Assisted Cocrystallization and Vibrational Spectroscopy. Spectrochimica 
Acta - Part A: Molecular and Biomolecular Spectroscopy, 229.  

http://www.ijpsonline.com/
https://doi.org/10.1016/J.ADDR.2016.04.022
https://doi.org/10.1002/crat.201500072
https://doi.org/%2010.3390/pharmaceutics13050671
https://doi.org/%2010.3390/pharmaceutics13050671
https://doi.org/10.1016/j.jddst.2021.102556
https://doi.org/10.1016/J.EJPS.2020.105422
https://doi.org/10.3390/pharmaceutics14091881
https://doi.org/10.1073/PNAS.2105482118/SUPPL_FILE/PNAS.2105482118.SAPP.PDF
https://doi.org/10.1073/PNAS.2105482118/SUPPL_FILE/PNAS.2105482118.SAPP.PDF
https://doi.org/10.1016/j.compositesb.2015.11.024
https://doi.org/10.34172/apb.2020.024
https://doi.org/10.1039/c9ce01160a


 

Medical Sains  ISSN : 2541-2027; e-ISSN : 2548-2114      501 

Review: Potency Of Amide Derivates As Co-Crystal Former... (Dina Apriani, Fikri Alatas et al.) 

 

Sanphui, P. et al. (2015). Cocrystals of Hydrochlorothiazide: Solubility and 

Diffusion/Permeability Enhancements Through Drug-Coformer Interactions. 
Molecular Pharmaceutics, 12(5), pp. 1615–1622.  

Savjani, J. K. & Pathak, C. (2016). Improvement of Physicochemical Parameters of 

Acyclovir Using Cocrystallization Approach. Brazilian Journal of Pharmaceutical 

Sciences, 52(4), pp. 727–734. https://doi.org/10.1590/S1984-82502016000400017 
Setyawan, D., Kusuma Wardhana, N., & Sari, R. (2015). Solubility, Dissolution Test and 

Antimalarial Activity of Artesunate Nicotinamide Co-Crystal Prepared by Solvent 

Evaporation and Slurry Methods. Asian Journal of Pharmaceutical and Clinical 
Research, 8(2). 

Sharma, A. et al. (2022). Menace of Antimicrobial Resistance in Lmics: Current 

Surveillance Practices and Control Measures to Tackle Hostility. Journal of Infection 

and Public Health, 15(2), pp. 172–181. https://doi.org/10.1016/J.JIPH.2021.12.008 
Shayanfar, A. (2020). Comments on “Measurement and Correlation of The Solubility of 

Estradiol and Estradiol-Urea Co-Crystal in Fourteen Pure Solvents at Temperatures 

from 273.15 K to 318.15 K. Journal of Molecular Liquids, 309. Available at: 
https://doi.org/10.1016/j. molliq.2020.113161. 

Shteingolts, S. A. et al. (2021). Orbital-Free Quantum Crystallographic View on 

Noncovalent Bonding: Insights into Hydrogen Bonds, π⋅⋅⋅π and Reverse Electron 

Lone Pair⋅⋅⋅π Interactions. Chemistry – A European Journal, 27(28), pp. 7789–7809. 
https://doi.org/ 10.1002/CHEM.202005497 

Sopyan, I. et al. (2017). Simvastatin-Nicotinamide Co-Crystal: Design, Preparation and 

Preliminary Characterization. Tropical Journal of Pharmaceutical Research, 16(2), 
pp. 297–303. https://doi.org/10.4314/TJPR.V16I2.6 

Sopyan, I., & Muchtaridi, M. (2016). A Novel of Cocrystallization to Improve Solubility and 

Dissolution Rate of Simvastatin. International Journal of PharmTech Research, 9(6), 
583-491. https://www.researchgate.net/publication/305566064 

De Souza, F. Z. R. et al. (2022). Screening of Coformers for Quercetin Cocrystals Through 

Mechanochemical Methods. Ecletica Quimica, 47(1), pp. 64–75. 

https://doi.org/10.26850/1678-4618eqj.v47.1.2022.p64-75 
Sun, C. C. (2013). Cocrystallization for Successful Drug Delivery. Export Opinion on Drug 

Delivery, 10(2), pp. 201–213. https://doi.org/10.1517/17425247.2013.747508 

Surov, A. O. et al. (2019). New Pharmaceutical Cocrystal Forms of Flurbiprofen: Structural, 
Physicochemical, and Thermodynamic Characterization. Crystal Growth and Design, 

19(10), pp. 5751–5761. https://doi.org/10.1021/acs.cgd.9b00781 

Thayyil, A.R. et al. (2020) “Pharmaceutical Co-crystallization: Regulatory aspects, design, 

characterization, and applications,” Advanced Pharmaceutical Bulletin. Tabriz 

University of Medical Sciences, pp. 203–212. Available at: 

https://doi.org/10.34172/apb.2020.024. 

Thimmasetty, J. et al. (2021). Oral Bioavailability Enhancement of Paliperidone by the use 

of Cocrystallization and Precipitation Inhibition. Journal of Pharmaceutical 

Innovation, 16(1), pp. 160–169. https://doi.org/10.1007/s12247-020-09428-2 
Utami, D. W. I., Nugrahani, I., & Ibrahim, S. (2017). Mefenamic Acid-Nicotinamide Co-

Crystal Synthesized by Using Melt Crystallization Method and Its Solubility Study. 

Asian Journal of Pharmaceutical and Clinical Research, 10(5), pp. 135–139. 
https://doi.org/10.22159/ajpcr.2017.v10i5.15863 

Yuliandra, Y. et al. (2018). Cocrystal of Ibuprofen–Nicotinamide: Solid-State 

Characterization and In Vivo Analgesic Activity Evaluation. Scientia Pharmaceutica 

2018, 86(2), p. 23. https://doi.org/10.3390/SCIPHARM86020023 
  
  

https://doi.org/10.1590/S1984-82502016000400017
https://doi.org/10.1016/J.JIPH.2021.12.008
https://doi.org/10.1016/j.%20molliq.2020.113161
https://doi.org/%2010.1002/CHEM.202005497
https://doi.org/10.4314/TJPR.V16I2.6
https://www.researchgate.net/publication/305566064
https://doi.org/10.26850/1678-4618eqj.v47.1.2022.p64-75
https://doi.org/10.1517/17425247.2013.747508
https://doi.org/10.1021/acs.cgd.9b00781
https://doi.org/10.1007/s12247-020-09428-2
https://doi.org/10.22159/ajpcr.2017.v10i5.15863
https://doi.org/10.3390/SCIPHARM86020023


 

502  ISSN : 2541-2027; e-ISSN : 2548-2114   

Medical Sains : Jurnal Ilmiah Kefarmasian Vol. 9 No. 2, April - June 2024, Pages. 487-502 

 

 


	INTRODUCTION
	RESEARCH METHODS
	RESULT AND DISCUSSION
	CONCLUSION
	ACKNOWLEDGMENT
	REFERENCES

