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Abstract: Since its introduction to the market in the 1970s, ketoprofen has been widely used due to 

its high efficacy in moderate pain management. However, its poor solubility and ulcer side effects 

have diminished its popularity. This study prepared forms of ketoprofen modified with three basic 

excipients: tris, L-lysine, and L-arginine, and investigated their ability to improve water solubility 

and reduce ulcerogenic potential. The complexation/salt formation of ketoprofen and the basic ex-

cipients was prepared using physical mixing and coprecipitation methods. The prepared mixtures 

were studied for solubility, docking, dissolution, differential scanning calorimetry (DSC), Fourier 

transform infrared spectroscopy (FTIR), in vivo evaluation for efficacy (the writhing test), and safety 

(ulcerogenic liability). Phase solubility diagrams were constructed, and a linear solubility (AL type) 

curve was obtained with tris. Docking studies suggested a possible salt formation with L-arginine 

using Hirshfeld surface analysis. The order of enhancement of solubility and dissolution rates was 

as follows: L-arginine > L-lysine > tris. In vivo analgesic evaluation indicated a significant enhance-

ment of the onset of action of analgesic activities for the three basic excipients. However, safety and 

gastric protection indicated that both ketoprofen arginine and ketoprofen lysine salts were more 

favorable than ketoprofen tris. 

Keywords: ketoprofen; L-arginine; L-lysine; tris; basic amino acids; writhing; gastric ulcer 

 

1. Introduction 

An estimated 40% of commercially available drugs and up to 90% of newly discov-

ered drug candidates have poor water solubility [1,2]. As a result, the development of 

solubilization techniques, as well as the search for new hydrotropes and potential water-

soluble excipients to enhance the solubility and dissolution rates of poorly soluble drugs, 

has been an ongoing endeavor for formulation scientists [3,4]. Ketoprofen (Figure 1) is a 

non-steroidal anti-inflammatory drug (NSAID) that was discovered in 1968 [5]. It is the 

most commonly prescribed NSAID for various acute and chronic pain conditions, such as 

moderate to severe dental pain and osteoarthritis [5]. Ketoprofen is sold worldwide under 

different brand names, including as Orudis® capsules in the USA and as the over-the-

counter (OTC) medication Ketofan® (25 mg immediate-release tablets and 50 mg capsules) 

on the Egyptian market. However, poor water solubility and dissolution rates of keto-

profen have resulted in erratic drug absorption and inconsistent bioavailability, especially 
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in the first part of the gastrointestinal tract. As a weak acid, the solubility of ketoprofen in 

the acidic gastric fluid is minimal [6,7]. 

 

Figure 1. Structures and pKa values of ketoprofen, tris, L-lysine, and L-arginine. 

Numerous solubilization techniques have been employed to improve solubility and 

dissolution rates of different water-insoluble drugs. These techniques include particle size 

reduction, solid dispersion, complexation, salt formation, cocrystallization, and nanopar-

ticle encapsulation [8–10]. In addition, many water-soluble excipients have been used to 

improve the solubility and bioavailability of poorly soluble drugs. These include water-

soluble macromolecules and hydrophilic polymers, such as polysaccharides, polyvi-

nylpyrrolidone, polyethylene glycol, and cyclodextrins [10]. While these excipients have 

successfully enhanced the solubility of many drugs, their solubilizing capacity can be lim-

ited and require that they be used in large amounts, which can raise toxicological and 

regulatory concerns [3,10]. Low-molecular-weight excipients, such as urea and sugars, 

have also been extensively investigated. However, their solubilizing capacity is limited 

due to both their chemical neutrality and their lack of sufficient binding sites and ionizable 

groups[11]. 

In recent years, there has been a growing interest in investigating and utilizing amino 

acids due to their safety and tolerability. Amino acids are classified as GRAS (Generally 

Recognized as Safe) and are used as dietary supplements [4]. In addition, amino acids 

have been successfully used to solubilize both ionizable and non-ionizable drugs. They 

are small molecules with diverse chemical structures, and can be broadly classified into 

mainly amphoteric (e.g., glycine and alanine), acidic (e.g., aspartic acid and glutamic acid), 

or basic (e.g., arginine and lysine) amino acids (Figure 1). Additional side chains, such as 

hydroxyl and sulfhydryl groups, can boost their solubilizing capacity [4,12]. 

Ketoprofen-L-lysine can exist in salt or cocrystal forms, depending on the prepara-

tion method. Both forms have enhanced dissolution characteristics, but the bitterness 

scores for these two forms of ketoprofen-L-lysine were higher than that of the parent drug 

[13]. In another study, ketoprofen–tromethamine was prepared by a coprecipitation 

method, resulting in a new crystalline state with significantly enhanced solubility and dis-

solution rates [14]. 

 Tromethamine (also known as tris aminomethane) is a basic excipient and a widely 

used buffering agent in biochemistry and protein assays. Tris has been used to form wa-

ter-soluble salts from weak acids such as ketorolac and nimesulide [15]. 

This study explored the impact of three basic excipients (lysine, arginine, and tro-

methamine, or tris) with different basicity and pKa values (Figure 1) on the solubility, 

dissolution rates, and analgesic efficacy of ketoprofen, as well as ulcer side effects. The 

aim was to rank and showcase any particular advantages of these basic excipients in im-

proving the biopharmaceutical properties and safety profile of the NSAID drug keto-

profen. 
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The specific objectives of the study included the formation of solid dispersions and 

physical mixtures, the construction of phase solubility diagrams, thermal and dissolution 

studies, spectral and docking analysis, analgesic evaluation using the writhing test in 

mice, gastric ulcer liability, and histopathological examination. 

2. Materials and Methods 

2.1. Materials 

Ketoprofen was provided by Pharco Pharmaceuticals (Alexandria, Egypt). L-argi-

nine was purchased from Fluka AG (Buchs, Switzerland). L-lysine, tris, and sodium lauryl 

sulfate were obtained from Sigma-Aldrich (London, UK), and Ketofan® capsules were 

supplied by Amrya Pharmaceuticals (Amrya, Alexandria, Egypt). Empty hard gelatin 

capsules of size 0 were purchased from Isolab Laborgeräte (GmbH, Am Dillhof, Ger-

many). 

2.2. Preparation of Ketoprofen-Excipients Physical and Dispersed Mixtures 

2.2.1. Physical Mixtures 

Ketoprofen-L-lysine, L-arginine, and tris physical mixtures (PM) were prepared sep-

arately by weighing an equivalent molar weight in milligrams. The drug-excipient mix-

ture was then thoroughly mixed in a porcelain dish for 2–3 min using a spatula and sieved 

through a 125-µm sieve. 

2.2.2. Coprecipitated Mixtures of Ketoprofen:L-lysine, Ketoprofen:L-arginine, and  

Ketoprofen:tris 

To prepare coprecipitated mixtures of ketoprofen with L-lysine, L-arginine, and tris, 

specific weights (in mg) equivalent to the molecular weight of ketoprofen were dissolved 

in 20 mL of methanol. Accurate weights (in mg) equivalent to the molecular weights of 

the basic amino acids (L-lysine and L-arginine) and tris were dissolved individually in 10 

mL of distilled water. The methanolic solution of ketoprofen and the aqueous solutions of 

the basic excipients were mixed in a porcelain dish with a 100-mL capacity. The porcelain 

dish was placed on a hot plate stirrer (LabTech, Daihan, Korea), adjusted to 80 °C, and left 

until complete evaporation. The resulting powder was ground in a mortar and pestle and 

passed through a 125 µm sieve. 

2.3. Equilibrium Solubility Studies 

Excess amounts of ketoprofen were added to various solutions containing different 

concentrations of the basic excipients (0, 0.1, 0.2, 0.4, 0.5, 1, 2, and 3% w/v) of L-arginine, 

L-lysine, and tris. These mixtures were placed in a thermostatic shaking water bath (Shel 

Lab water bath, Sheldon Cornelius, OR, USA) at 37 °C ± 0.5 °C, rotating at a speed of 120 

strokes per minute. The samples were left for 48 h to attain equilibrium; aliquots (4 mL) 

were withdrawn, filtered, and measured spectrophotometrically at λmax = 260 nm using a 

UV-visible spectrophotometer (JENWAY-Model 6305, England). The solubility data 

(µg/mL) were obtained from the standard calibration curve with acceptable linearity (R2 

= 0.9955). The solubility constant (K) was calculated from the slope of the phase solubility 

diagram obtained from the regression line of solubility (µg/mL) versus concentration 

(mM) plots [9,15], as shown in the following equation: 

K= 
�����

���������∗(�������)
 (1)

2.4. Differential Scanning Calorimetry (DSC) and Fourier Transfer Infrared Spectroscopy 

(FTIR) 

Samples of ketoprofen, arginine, lysine, tris, physical mixtures (PM), and coprecipi-

tated mixtures were weighed (2–4 mg) and placed in aluminum pans. The DSC Mettler 
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Toledo Star System (Mettler Toledo, Zürich, Switzerland) was used to gradually increase 

the temperature from 30 to 300 °C at a rate of 10 °C/min, calibrated with an indium stand-

ard, and using nitrogen as a purging gas. A Thermo Scientific Nicole IS 10 FTIR spectro-

photometer (Waltham, MA, USA) was used to compress potassium bromide samples into 

discs using a 10-ton hydraulic press. The samples were scanned 16 times from 400 to 4000 

cm−1, and data were collected using Omnic software from Thermo Scientific in Massachu-

setts, USA. 

2.5. In Vitro Dissolution 

In vitro dissolution studies were conducted on two dissolution media. The first dis-

solution medium consisted of simulated gastric fluid (pH 1.2, 900 mL) containing 1% w/w 

sodium lauryl sulfate (SLS) for the first two hours. Then, in the same flask, the pH of the 

medium was increased to 6.8 using dibasic sodium phosphate for an additional three 

hours to simulate intestinal fluid. The dissolution media were agitated using USP appa-

ratus 2 at 50 rpm and a temperature of 37 °C. Ketoprofen powder, PM, and Coppt dis-

persed mixtures weighing 20 mg (or equivalent to 20 mg of ketoprofen) were filled into 

hard gelatin capsules of size 0 (Isolab Laborgeräte, GmbH, Am Dillhof, Germany), placed 

in dissolution sinkers, and transferred to dissolution flasks. A 5 mL sample was with-

drawn at specified intervals and replaced with another 5 mL of fresh dissolution medium. 

The samples were analyzed spectrophotometrically, as previously described in Section 

2.3. 

2.6. Molecular Docking 

Molecular docking studies were performed with the Molecular Operating Environ-

ment (MOE) 2014.09 software (Chemical Computing Group, Montreal, QC, Canada) to 

predict the stability and possible orientation of various bases on the surface of ketoprofen. 

The 3D structure of ketoprofen was constructed using the builder interface, and its energy 

was minimized to an RMSD (root mean square deviation) gradient of 0.01 kcal/mol using 

the QuickPrep tool in the MOE software. Similarly, the 3D structures of arginine, lysine, 

and tromethamine were built using the MOE builder, and their energies were minimized. 

The three bases were docked onto the surface of ketoprofen using an induced-fit docking 

protocol with the Tri-angle Matcher method and dG scoring system for pose ranking. Af-

ter a visual assessment of the resultant docking poses, those with the highest stability and 

lowest binding free energy values were selected and reported. 

2.7. In Vivo Studies 

2.7.1. Writhing Assay 

Mice weighing between 25 and 30 g were used in the experiment. The ability of ke-

toprofen and the prepared coprecipitated mixtures of ketoprofen with the three basic ex-

cipients (tris, L-lysine, and L-arginine) to inhibit acetic acid-induced writhing was as-

sessed as previously described [11]. The mice were divided into five groups, as outlined 

in Table 1. A dose of 50 mg/kg or its equivalent was dispersed in an aqueous solution 

containing 0.25% carboxymethyl cellulose (CMC) to make the tested solutions (2 mg/mL). 

An accurate sample (0.5 mL) of the tested solutions was administered orally through a 

gastric tube. After the dose was administered, 30 µL of diluted acetic acid solution (0.6% 

v/v) was injected intraperitoneally into the animals. Induced writhes were counted for 20 

min. 
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Table 1. Different groups and treatments received in the writhing assay. 

Group Treatment 

I Solution of 0.25% CMC (Untreated) 

II Ketoprofen (K) suspended in 0.25% CMC 

III K:tris dispersed in 0.25% CMC 

IV K:L-lysine dispersed in 0.25% CMC 

V K:L-arginine dispersed in 0.25% CMC 

2.7.2. Indomethacin-Induced Ulcer 

Male albino rats were fasted for 24 h and given access to water. They were divided 

into six groups of five rats each. The positive control group received a single oral dose of 

indomethacin (30 mg/kg) through a gastric tube, while the control group received saline. 

The remaining four groups were given a single oral dose of 50 mg/kg of ketoprofen or its 

equivalent in K:tris, K:lysine, and K:arginine Coppt mixtures. Four hours after dosing, the 

animals were sacrificed, and their stomachs were dissected, flushed with saline, and 

opened for inspection of ulcer formation[16]. 

The ulcers were counted and quantified by pinning the stomach on a piece of flat 

cork and scoring the ulcers using a dissecting microscope. The area of mucosal damage 

(ulcer) was expressed as a percentage of the total surface area of the mucosal surface of 

the stomach [16]. 

2.8. Histopathological documentation 

The dissected stomachs from the control and treated groups were fixed in 10% for-

malin-buffered saline for several days, dehydrated, embedded in paraffin blocks, and then 

sectioned into 5 µm-thick slices. As previously reported, the final sections were stained 

with H&E stain for microscopic examination and imaging [17,18]. The aggregation of pol-

ysaccharides was visualized using periodic acid Schiff (PAS) staining [19]. 

3. Results and Discussion 

3.1. Solubility Studies 

The results of the equilibrium solubility of ketoprofen in the presence of increasing 

concentrations (w/v %) of the three basic excipients (L-lysine, L-arginine, and tris) are 

shown in Figure 2A. Phase solubility curves of ketoprofen with the three basic excipients 

were constructed (Figure 2B–D) to determine solubility type. The three basic excipients, 

tris, L-lysine, and L-arginine, at a concentration of 3% w/v, significantly (p < 0.05) im-

proved the solubility of ketoprofen by 4, 4.65, and 6.8-fold, respectively. Arginine showed 

superior solubilization capacity compared to the other two basic excipients (Figure 2A). 

This solubility enhancement can be attributed to the electrostatic interaction and alkaliniz-

ing effects of the stagnant diffusion layer around dissolved particles of the basic excipients 

in the solvent, which increased the ionization of the weak acid drug [20]. Arginine (pKa = 

12.48) is the strongest basic excipient compared to tris (pKa = 8) and lysine (pKa = 10). 

Hence, the diffusion layer becomes more alkaline and more ionization occurs, favoring 

the solubilization of the weak acid ketoprofen. Figure 2B-D shows the phase solubility 

curves (solubility (mM) against concentrations (mM) of the basic excipients). Tris obtained 

solely a linear relationship (AL). In contrast, nonlinear relationships were observed with 

arginine and lysine. 
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Figure 2. (A) Solubility curves µg/mL versus concentration of the three basic excipients (% w/v). 

Phase solubility curves (mM) versus concentrations of the three basic excipients (mM): (B) tris, (C) 

L-lysine, and (D) L-arginine. 

Similarly, the solubility of ketoprofen in the prepared physical mixtures (PM) and 

coprecipitated ketoprofen with tris, L-lysine, and L-arginine was enhanced (Figure 3). 

Ketoprofen’s solubility increased significantly (p < 0.05), and this increase depended on 

the type of excipient and the preparation method of the solid dispersion. For example, 

coprecipitated dispersed mixtures demonstrate superior enhancement in solubility 

compared to physical mixtures. Coprecipitated mixtures generate drug particles with less 

particle size due to the solvent effect, in addition to generating more intimate contact and 

interactions with the basic excipients; hence, higher solubility can be achieved [1]. 

 

Figure 3. The solubility of ketoprofen in the prepared physical and coprecipitated mixtures. 
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3.2. FTIR and DSC Studies 

FTIR spectroscopy and DSC thermal analysis were used to detect possible physico-

chemical interactions between ketoprofen and the three basic excipients under investiga-

tion. Figure 4A shows the FTIR spectra of ketoprofen, the three basic excipients, and their 

physical and coprecipitated mixtures. Specific IR absorption bands of pure ketoprofen de-

tected at 1610 cm−1 and 1684 cm−1 were due to stretching of the ketone group and the car-

boxylic carbonyl group (C=O), respectively [14]. The characteristic peaks at their assigned 

wavenumbers were simply additive to the FTIR spectra of the three basic excipients, indi-

cating that no observable physicochemical interactions could be identified with the phys-

ical mixtures. In contrast, the vibrational bands of the keto and carbonyl groups of keto-

profen were broadened and shifted for ketoprofen and tris, ketoprofen and L-lysine, and 

ketoprofen and L-arginine, suggesting hydrogen bonding formation and electrostatic in-

teractions with the basic/cationic excipients [21]. Similarly, DSC analysis revealed the 

complete disappearance of ketoprofen melting from both physical and coprecipitated ke-

toprofen mixtures with L-lysine and tris. This indicated the presence of both physico-

chemical and electrostatic attraction. In contrast, a weak melting transition was found in 

K:L-arginine PM, but a complete disappearance of K melting was observed in the co-

precipitated mixtures. 

  

Figure 4. (A) FTIR spectra and (B) DSC thermograms of ketoprofen (K), basic excipients (tris, lysine, 

and arginine), physical mixtures (PM), and coprecipitated dispersed mixtures (Coppt). 

3.3. Dissolution Studies 

For drugs with poor solubility, determined dissolution rates are both a regulatory 

requirement and essential for distinguishing newly developed formulations. The dissolu-

tion medium should mimic physiological fluids and conditions [22]. To determine the ex-

act amount of ketoprofen used for the in vitro dissolution study under sink conditions, 

equilibrium solubility was measured in different simulated gastric fluids (0.1 M HCl) con-

taining three different concentrations (0.1%, 0.5%, and 1% w/v) of sodium lauryl sulfate as 

a surfactant. Sodium lauryl sulfate is an anionic surfactant that was selected because it 

mimics the anionic natural surfactants/bile salts in gastric fluid. To both prevent the sur-

face flotation of drug particles and simulate in vivo performance, it is crucial to wet the 

dispersed particles prior to dissolution. The surface tension of gastric fluid is considerably 

lower than that of water, suggesting the presence of surfactants in this region [23]. Keto-

profen solubility was 75, 127.5, 150, and 190 µg/mL for HCl solutions containing SLS of 
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0.1%, 0.5%, and 1% w/v, respectively. Therefore, an acid dissolution medium with 1% SLS 

was selected to ensure sink conditions. 

This study adopted both acidic gastric conditions and a physiological pH of 6.8 to 

simulate intestinal pH. The first two hours of dissolution were studied at an acidic pH 

because the solubility of ketoprofen (a weakly acidic drug with a pKa of 4.4) was very low 

(0.1 mg/mL), the pH was significantly lower than the pKa of ketoprofen, and the drug was 

available in a unionized form. In contrast, the solubility of the drug at pH 6.8 (where the 

drug predominantly exists in ionized forms) was evaluated to determine the capacity of 

the three basic excipients to improve the dissolution rate under gastric conditions. 

Figure 5 shows the dissolution profiles of ketoprofen from the prepared physical and 

dispersed mixtures, and Table 2 presents three dissolution parameters: the time required 

for the dissolution of 50% of ketoprofen (T50%) and relative dissolution rates at 60 min 

and 300 min (RDR60 and RDR300, respectively). Slow and incomplete dissolution was rec-

orded for ketoprofen powder over 300 min, with only 50% of the drug dissolving in 240 

min. In contrast, Ketofan® capsules showed nearly doubled RDR60 and RDR300 dissolution 

parameters. Similarly, physical mixtures of ketoprofen with the three basic excipients en-

hanced the dissolution parameters by 1.26 to 1.74-fold and shortened the T50% value to 

120 and 180 min, respectively, compared to the T50% of 240 min recorded for ketoprofen 

powder. 

Table 2. Dissolution parameters were measured for ketoprofen, commercial capsules, and keto-

profen with respect to excipient mixtures. * T50% denotes the time required for 50% of the initial 

amount to be dissolved; ** and *** denote relative dissolution rates of 60 and 300 min, respectively. 

Formulation  T50% (min) * RDR60 ** RDR300 *** 

Ketoprofen powder 240 - - 

Ketofan capsule 120 2 1.75 

K:tris PM 180 1.28 1.26 

K:tris Coppt 120 1.6 1.8 

K:lysine PM 120 1.6 1.5 

K:lysine Coppt 60 2.08 1.92 

K:arginine PM 120 1.74 1.74 

K:arginine Coppt 30 2.68 2.07 

  

Figure 5. Profiles of in vitro dissolution of ketoprofen powder, commercial capsules, and physical 

and dispersed mixtures with lysine, arginine, and tris. For the first two hours, simulated gastric 

fluid (pH = 1.2) was employed, and for the remaining three hours, simulated intestinal fluid (pH = 

6.8) was used. 
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Compared to physical mixtures, superior dissolution rates were recorded for co-

precipitated mixtures. For example, K:tris, K:lysine, and K:arginine coprecipitates rec-

orded T50% of 120, 60, and 30 min, respectively, compared to 180, 120, and 120 min esti-

mated for K:tris, K:lysine, and K:arginine physical mixtures, respectively. These results 

indicated that the preparation technique of the dispersed mixtures made a marked differ-

ence in dissolution rates. 

Furthermore, L-arginine and L-lysine appear superior to tris in terms of their capacity 

to improve the in vitro dissolution rates of ketoprofen. L-arginine (pKa = 12.48) is the 

strongest base compared to the other two basic excipients, L-lysine (pKa = 10.79) and tris 

(pKa = 7.8). The stronger the base, the faster the in vitro dissolution rate can be recorded. 

This is due to the faster alkalinization of the diffusion layer surrounding the drug parti-

cles, as well as the increasing ionization of the acidic drug in this diffusion layer [20]. Ad-

ditionally, these results correlate well with the solubility studies that demonstrated the 

following order: L-arginine > L-lysine > tris. 

3.4. Molecular Docking 

Several methods could be utilized to establish the ability of the three basic excipients 

to form a salt with ketoprofen. Fundamentally, the difference in acid dissociation con-

stants (pKa (base)–pKa (acid)) for ketoprofen and the three basic excipients is widely used 

to predict the possibility of cosolvation experiments producing a cocrystal or a salt. A pKa 

difference greater than 3 suggests a salt formation, while values less than 0 suggest that 

cocrystal is the predominant form [24–27]. An acidic pKa of 4.39–4.45 [28] for the propi-

onic acid proton of ketoprofen gives a difference of 8, 6.4, and 3.4 with arginine, lysine, 

and tromethamine, respectively (Figure 1). This supports the previous findings of salt for-

mation between ketoprofen and the three bases. 

Additionally, Hirshfeld surface analysis, a tool for visualizing crystal structure inter-

actions (Spackman & Jayatilaka, 2009), of ketoprofen crystals revealed that carboxylic ox-

ygens are the most likely sites for interactions in ketoprofen (shown red areas in Figure 

6A). The same conclusion was reached with theoretical docking of the three bases on the 

surface of ketoprofen using MOE software, suggesting the construction of small stable 

complexes, as shown in Figure 6B. In the case of arginine, the complexes created showed 

the proximity of the basic guanidine NH2 with the highest pKa to the carboxylic group. 

The stability of such complexes, and their observed proximity, may favor the potential 

proton transfer between the ketoprofen acidic group and the guanidine amino group of 

arginine in a salt formation process. Recently, the salt formation between ketoprofen and 

tromethamine was confirmed [14]. A salt formation between ketoprofen and lysine was 

also described, substantiating our assumptions [13]. 

 

Figure 6. (A) Hirshfeld surface analysis of ketoprofen crystals and (B) possible interactions formed 

upon docking arginine onto the ketoprofen surface. 
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3.5. In Vivo Studies 

3.5.1. Writhing Assay 

A writhing assay was employed to assess the onset of analgesic activities of the drug 

alone and the coprecipitated drug mixtures with three basic excipients (tris, L-lysine, and 

L-arginine) within 20 min. In the current study, both the number of writhes and percent-

age (%) of writhing inhibition were recorded for the untreated, ketoprofen-, K:tris Coppt-

, K:L-lysine Coppt-, and K:L-arginine-treated groups, as illustrated in Figure 7A,B. The 

number of writhes for the ketoprofen-treated group decreased from 46 to 32, with 30% 

inhibition. In contrast, the numbers of writhes recorded for the K:tris, K:L-lysine, and K:L-

arginine coprecipitated mixture groups were 3, 8, and 10, respectively, with percentage 

inhibitions of 91%, 82%, and 78%, respectively. These findings suggest that these basic 

excipients have promising potential to quickly enhance analgesic activity when compared 

to the drug alone. This is due to their improved solubility and in vitro dissolution rates. 

Notably, it is worth mentioning that this in vivo study did not significantly correspond 

with previously mentioned in vitro dissolution studies, where L-arginine showed supe-

rior potential for enhancing both solubility and dissolution rates. 

K:tris Coppt demonstrated statistically significant inhibition in the number of writhes 

compared to both K:L-lysine and K:L-arginine Coppt, while the latter two showed signif-

icant reductions in the number of writhes (8 and 10, respectively) and percentage inhibi-

tion (82% and 79%, respectively). However, no statistically significant differences (p > 0.05) 

were identified for either L-arginine or L-lysine in reducing the number of writhes. Similar 

results were reported elsewhere for the NSAID drug nimesulide [15]. Nimesulide tris 

Coppt outperformed the amorphous mixture of nimesulide and PVP K30 in terms of an-

algesic activity and time to onset of action [15]. 

In another study, the ketoprofen lysine salt demonstrated a more rapid and complete 

absorption than the acid form of ketoprofen. Peak plasma concentration for the ketoprofen 

lysine salt was attained in 15 min, compared to 60 min for the acid form [29]. Additionally, 

it was reported that the ketoprofen lysine salt demonstrated analgesic activity two times 

stronger than ketoprofen, as well as a higher LD50 [30].  

The writhing assay was also used to assess the onset of analgesic activity of nimesu-

lide, a poorly soluble drug. Nimesulide alone inhibited writhing by approximately 22%. 

In comparison, the more water-soluble form of the drug prepared in an inclusion complex 

with β-cyclodextrin in a ratio of 1:4 showed a percentage inhibition of 54.5% at 20 min 

[31]. The nimesulide-tris complex showed a superior reduction in the number of writhes 

compared to the nimesulide-polyvinylpyrrolidone (PVP) K30 and nimesulide-polyeth-

ylene glycol 4000 complexes [15]. Several reports have indicated that, in addition to im-

proving the solubility of poorly soluble drugs, tris can act as a permeability enhancer and 

alter membrane permeability [32–34]. 
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Figure 7. (A) The number of writhes and (B) average percentage (%) inhibition for ketoprofen and 

ketoprofen with respect to the three basic excipient coprecipitated mixtures. 

3.5.2. Indomethacin-Induced Ulcer 

NSAIDs cause gastric toxicity, including gastric ulcers. Indomethacin, a commonly 

used NSAID, is often used as a model drug for inducing gastric ulcers in rats due to its 

high ulcerogenic index [16,35]. Indomethacin is a potent inhibitor of prostaglandin and 

can cause significant damage to the gastric mucosa [36]. This study aimed to determine if 

coprecipitated mixtures of ketoprofen and three basic excipients, which improved solu-

bility and bioavailability, could reduce the gastrointestinal side effects of ketoprofen. 

Figure 8 shows stomachs pinned on corkboards to emphasize the location and num-

ber of ulcers in the negative and positive (indomethacin) groups, as well as the groups 

treated with ketoprofen and coprecipitated mixtures of ketoprofen and basic excipients. 

The indomethacin-treated group (the positive control) had the highest number of ulcers, 

with nine ulcers recorded. The number of ulcers in the ketoprofen group was reduced to 

about one-third of that of the indomethacin group, as indomethacin is more potent at 

causing gastric ulcers [36]. There were no statistically significant (p > 0.05) differences in 

the number of ulcers between the K:tris and ketoprofen groups. 

Interestingly, the K:lysine and K:arginine coprecipitated mixtures produced signifi-

cantly fewer ulcers than ketoprofen alone. These results are consistent with recent reports 

[5]. Ketoprofen lysine salt has been shown to reduce ulcer side effects compared to the 

acidic form of ketoprofen [37]. This is likely due to the residual amino groups of L-lysine 

and L-arginine, which act as carbonyl scavengers; they also offer protection against oxi-

dative damage to the gastric mucosa by providing indirect antioxidant effects and increas-

ing the levels of glutathione S-transferase P at the cellular level in the gastric mucosa [5]. 

Additionally, L-lysine and L-arginine have been reported to both enhance mucosal integ-

rity and have gastroprotective effects through nitric oxide (NO) donation [37,38]. 



Pharmaceutics 2023, 15, 713 12 of 16 
 

 

 

Figure 8. Pinned stomachs on corkboards highlighting the position and number of ulcers (encircled 

in black lines) for the negative and positive control (indomethacin), ketoprofen (K), K:lysine, K:ar-

ginine:K:tris coprecipitated mixtures. 

3.5.3. Histopathological Studies 

Figure 9a-e and Figure 10a-e display histopathological documentation of gastric tis-

sues for the control, ketoprofen, ketoprofen:tris coprecipitate, ketoprofen:lysine coprecip-

itate, and ketoprofen:arginine coprecipitate at low magnification (x100) and high magni-

fication (x400) lenses. The normal control group exhibited intact mucosa (double-headed 

arrow), healthy surface epithelium (thin black arrow), intact normal gastric glands (white 

arrows), and normal submucosa (Figure 9a). At higher magnification, the normal control 

group showed healthy surface epithelium with normal integrity (thin black arrow) and 

intact normal gastric glands (white arrows) (Figure 10a). In contrast, the ketoprofen-

treated group exhibited gastric mucosa (double-headed white arrow) with sporadic su-

perficial degermation and desquamation of the surface epithelium (red arrows). Addi-

tionally, degenerative changes and shrinkage of the gastric glands (thick black arrows) 

were observed (Figure 9b). Figure 10b shows superficial degermation and desquamation 

of the surface epithelium (red dotted arrows). Furthermore, degenerative changes and 

shrinkage of gastric glands (thick black arrows) were recorded for the ketoprofen-treated 

group (Figure 10b). 

Figure 9c1,2 shows gastric mucosa (double-headed white arrow) with ulcerated re-

gions (red arrows) and slight degeneration of glands (thick black arrow) in the K:tris-

treated group. Ulcerated surface epithelium (red dotted arrows) with slight degeneration 

and atrophy of gastric glands (thick black arrow) was recorded for the same group and 

detected at higher magnification in Figure 10c1,2. 

Figure 9d shows normal, intact mucosa (double-headed arrow), maintained surface 

epithelial integrity (black arrows), and gastric glands (white arrows) for the K:lysine 
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group. Maintained surface epithelial integrity (black arrows) and intact gastric glands 

(white arrows) were recorded at higher magnification (Figure 10d). 

Figure 9e shows intact, healthy mucosa and possible protection against ketoprofen-

induced superficial ulceration (black arrows) for the K:arginine group. In Figure 10e, in-

tact, healthy mucosal surfaces (black arrows) and normal gastric glands (white arrows) 

were recorded at higher magnification. 

These findings correlate significantly with the ulcer indices shown in Table 3, and, in 

addition to their enhanced solubilization for ketoprofen, confirm the gastroprotective ef-

fect and safety benefits of the two basic amino acids L-lysine and L-arginine. 

Table 3. Ulcerogenic potential (number of ulcers) and ulcer indices for the positive control (indo-

methacin), ketoprofen (K), K:lysine, K:arginine:K:tris coprecipitated mixtures. 

Test Substance Ulcer Number Ulcer Index 

Control 0 ± 0.0 0  

Indomethacin 8.66 ± 0.88 a 7.8 a 

Ketoprofen 3.33 ± 0.66 a,b 3.59 a,b 

Ketoprofen:tris 2.00 ± 0.0 b 1.1 a,b,c 

Ketoprofen:lysine 1.0 ± 0.33 b,c 0.55 a,b,c 

Ketoprofen:arginine 0.53.00 ± 0.17 b 0.33 a,b,c 

The data are presented as the mean ± SD of six animals. A one-way ANOVA test followed by a 

Tukey–Kramer post hoc test was used for multiple comparisons. a Denotes a significant difference 

from the control group (p < 0.05). b Represents a significant difference from the indomethacin group 

(p < 0.05). c Indicates a significant difference from the ketoprofen group (p < 0.05). 

  

Figure 9. Histological sections from rat stomachs: (a) control group, (b) ketoprofen-treated group, 

(1-C, 2-C) ketoprofen:tris Coppt, (d) ketoprofen:L-lysine Coppt, and (e) ketoprofen:arginine Coppt 

stained by H&E and photographed at low power x 100 (bar = 200 µm) and x 400 (bar = 50 µm). 
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Figure 10. Histological sections from rat stomachs: (a) control, (b) ketoprofen-treated group, (C-1, 

C-2) ketoprofen:tris Coppt, (d) ketoprofen:L-lysine Coppt, and (e) ketoprofen:arginine Coppt 

stained by H&E and photographed at high power x 400 (bar = 50 µm). 

4. Conclusions 

This study highlighted the role of three basic excipients (tris, L-lysine, and L-argi-

nine) as potential solubilizers, as well as their capacity to form salts with the non-steroidal 

anti-inflammatory drug ketoprofen. The three basic excipients were superior in potentiat-

ing and advancing analgesic activities due to both their penetration-enhancing activities 

and their enhanced solubility and dissolution rates of the weak acid drug. However, only 

L-arginine and L-lysine demonstrated gastric protection against ketoprofen-induced ul-

cers and erosion of the gastric mucosa. This study recommends L-arginine and L-lysine 

as promising agents for promoting the analgesic and safety profiles of classical NSAIDs. 

Author Contributions: H.A.A.-T., methodology, formal analysis, data curation, and initial draft 

preparation; M.E.S., methodology, data curation, review, and editing; T.S.M., methodology, data 

curation, review, and editing; J.A.A.-A., methodology, formal analysis, and writing; H.A., concep-

tualization, methodology, data curation, review, and editing. All authors have read and agreed to 

the published version of the manuscript. 

Funding: This research was funded by the Deanship of Scientific Research at King Khalid Univer-

sity, which provided funding for this work through the Small Groups Project under Grant No. 

RGP.1/148/43. 

Institutional Review Board Statement: Animal ethical approval number ES28/2020 was granted by 

the Faculty of Pharmacy at Minia University in Minia, Egypt. 

Informed Consent Statement: Not applicable. 

Data Availability Statement: Upon request. 

Acknowledgments: The authors extend their appreciation to the Deanship of Scientific Research at 

King Khalid University for funding this work through the Small Groups Project under Grant No. 

RGP.1/148/43. 

Conflicts of Interest: The authors declare no conflicts of interest. 

References 

1. Abdelkader, H.; Fathalla, Z. Investigation into the emerging role of the basic Amino acid L-lysine in enhancing solubility and 

permeability of BCS Class II and BCS Class IV drugs. Pharm. Res. 2018, 35, 160–178. 

2. Kalepu, S.; Nekkanti, V. Insoluble drug delivery strategies: Review of recent advances and business prospects. Acta Pharm. Sin 

B. 2015, 15, 442–453. 



Pharmaceutics 2023, 15, 713 15 of 16 
 

 

3. Abou-Taleb, H.; Fathalla, Z.; Abdelkader, H. Comparative studies of the effects of novel excipients amino acids with 

cyclodextrins on enhancement of dissolution and oral bioavailability of the non-ionizable drug carbamazepine. Eur. J. Pharm. 

Sci. 2020, 155, 105562. 

4. Bongioanni, A.; Bueno, M.; Mezzano, B.; Longhi, M.; Garnero, C. Amino acids and its pharmaceutical applications: A mini 

review. Int. J. Pharm. 2022, 613, 121375. 

5. Kuczynska, J.; Nieradko-Iwanicka, B. Future prospects of ketoprofen in improving the safety of the gastric mucosa. Biomedicine 

& Pharmacotherapy 2021, 139, 111608. 

6. Granero, G.E.; Ramachandran, C.; Amidon, G.L. Rapid in vivo dissolution of ketoprofen: Implications on the biopharmaceutics 

classification system. Pharmazie 2006, 61, 673–676. 

7. Yousif, N.; Abdulrasool, A.; Mowafaq, G.; Hussain, S. Solubility and dissolution improvement of ketoprofen by solid dispersion 

in polymer and surfactant using solvent evaporation method. Int. J. Pharm. Pharm. Sci. 2011, 3, 431–435. 

8. Khoder, M.; Abdelkader, H.; Elshaer, A.; Karam, A.; Najlah, M.; Alany, R. The use of albumin solid dispersion to enhance the 

solubility of unionisable drugs. Pharm. Dev. Technol. 2018, 23, 732-738. 

9. Loftsson, T. Drug solubilization by complexation. Int.J. Pharm. 2017, 531, 276–280. 

10. Zhang, X.; Xing, H.; Zhao, Y.; Ma, Z. Pharmaceutical dispersion techniques for dissolution and bioavailability enhancement of 

poorly water-soluble drugs. Pharmaceutics 2018, 10, 74. 

11. Abdelkader, H.; Abdallah, O.Y.; Salem, H.; Alani, A.; Alany, R. Eutectic, monotectic and immiscibility systems of nimesulide 

with water-soluble carriers: Phase equilibria, solid-state characterisation and in-vivo/pharmacodynamic evaluation. J. Pharm. 

Pharmacol. 2014, 66, 439–450. 

12. ElShaer, A.; Hanson, P.; Mohammed, A. A novel concentration dependent amino acid ion pair strategy to mediate drug 

permeation using indomethacin as a model insoluble drug. Eur. J. Pharm. Sci. 2014, 62, 124–131. 

13. Aramini, A.; Bianchini, G.; Lillini, S.; Bordignon, S.; Tomassetti, M.; Novelli, R.; Mattioli, S.; Lvova, L.; Paolesse, R.; Chierotti, 

M.R.; et al. Unexpected Salt/Cocrystal Polymorphism of the Ketoprofen–Lysine System: Discovery of a New Ketoprofen–L-

Lysine Salt Polymorph with Different Physicochemical and Pharmacokinetic Properties. Pharmaceuticals 2021, 14, 555. 

14. Fitriani, L.; Firdaus, W.; Sidadang, W.; Rosaini, H.; Putra, O.; Oyama, H.; Uekusa, H.; Zaini, E. Improved solubility and 

dissolution rate of ketoprofen by the formation of multicomponent crystals with tromethamine. Crystals 2022, 12, 275. 

15. Abdelkader, H.; Abdallah, O.Y.; Salem, H. Comparison of the effect of tromethamine and polyvinylpyrrolidone on dissolution 

properties and analgesic effect of nimesulide. AAPS PharmSciTech 2007, 8, E1–E8. 

16. El-Moselhy, M.A.; Abdel-Hamid, N.M.; Abdel-Raheim, S.R. Gastroprotective effect of nicorandil in indomethacin and alcohol-

induced acute Ulcers. Appl. Biochem. Biotechnol. 2009, 152, 449–459. 

17. Abdelgawad, M.A.; Labib, M.B.; Ali, W.A.M.; Kamel, G.; Azouz, A.A.; EL-Nahass, E.S. Design, synthesis, analgesic, anti-

inflammatory activity of novel pyrazolones possessing aminosulfonyl pharmacophore as inhibitors of COX-2/5-LOX enzymes: 

Histopathological and docking studies. Bioorg. Chem. 2018, 78, 103–114. 

18. Abdellatif, K.; Abdelall, E.; Elshemy, H.; Philoppes, J.; Hassanein, E.; Kahk, N. Optimization of pyrazole-based compounds with 

1,2,4-triazole-3-thiol moiety as selective COX-2 inhibitors cardioprotective drug candidates: Design, synthesis, cyclooxygenase 

inhibition, anti-inflammatory, ulcerogenicity, cardiovascular evaluation, and molecular modeling studies. Bioorg. Chem. 2021, 

114, 105122. 

19. Harakeh, S.; Saber, S.; Akefe, I.; Shaker, S.; Hussain, M.; Almasaudi, A.; Saleh, S.; Almasaudi, S. Saudi honey alleviates 

indomethacin-induced gastric ulcer via improving antioxidant and anti-inflammatory responses in male albino rats. Saudi J. 

Biol. Sci. 2022, 29, 3040–3050. 

20. Al Fatease, A.; Shoman, M.; Abourehab, M.; Abou-Taleb, H.; Abdelkader, H. A Novel Curcumin Arginine Salt: A Solution for 

Poor Solubility and Potential Anticancer Activities. Molecules 2023, 28, 262. 

21. Ishihara, S.; Hattori, Y.; Otsuka, M.; Sasaki, T. Cocrystal formation through solid-state reaction between ibuprofen and 

nicotinamide revealed using THz and IR spectroscopy with multivariate analysis. Crystals 2020, 10, 760. 

22. Dahan, A.; Miller, J.M.; Amidon, G.L. Prediction of solubility and permeability class membership: Provisional BCS classification 

of the world's top oral drugs. AAPS J. 2009, 11, 740–746. 

23. Saers, E.; Nyström, C.; Aldén, M. Physicochemical aspects of drug release. XVI. The effect of storage on drug dissolution from 

solid dispersions and the influence of cooling rate and incorporation of surfactant. Int. J. Pharm. 1993, 90, 105–118. 

24. Bhogala, B.R.; Basavoju, S.; Nangia, A. Tape and layer structures in cocrystals of some di- and tricarboxylic acids with 4,4’- 

bipyridines and isonicotinamide. Cryst. Eng. Comm. 2005, 7, 551–562. 

25. Delori, A.; Suresh, E.; Pedireddi, V.R. pKa-directed host- guest assemblies: Rational analysis of molecular adducts of 2,4-

diamino-6-methyl-1,3,5-triazine with various aliphatic di- carboxylic acids. Chem. Eur. J 2008, 14, 6967–6977. 

26. Mohamed, S.; Tocher, D.A.; Vickers, M.; Karamertzanis, P.G.; Price, S.L. Salts or cocrystals? A new series of crystal structures 

formed from simple pyridines and carboxylic acids. Cryst. Growth Des. 2009, 9, 2881–2889. 

27. Cheney, M.L.; Weyna, D.; Shan, N.; Hanna, M.; Wojtas, L.; Zaworotko, M. Coformer selection in pharmaceutical cocrystal 

development: A case study of a meloxicam aspirin cocrystal that exhibits enhanced solubility and pharmacokinetics. J. Pharm. 

Sci. 2011, 100, 2172–2181. 

28. Shohin, I.; Kulinich, J.; Ramenskaya, G.; Abrahamsson, B.; Kopp, S.; Langguth, P.; Polli, J.; Shah, V.; Groot, D.; Barends, D.; et 

al. Biowaiver monographs for immediate release solid oral dosage forms: Ketoprofen. J. Pharm. Sci. 2012, 101, 3593–3603. 



Pharmaceutics 2023, 15, 713 16 of 16 
 

 

29. Cerciello, A.; Auriemma, G.; Del Gaudio, P.; Cantarini, M.; Aquino, R.P. Natural polysaccharides platforms for oral controlled 

release of ketoprofen lysine salt. Drug Dev. Ind. Pharm. 2016, 42, 2063–2069. 

30. Lee, W.; Kim, J.; Jee, U.; Rhyu, B. Ketoprofen lysinate J. Korean Pharm. Sci. 1982, 12, 37–44. 

31. Adhage, N.A.; Vavia, P.R. β-Cyclodextrin Inclusion Complexation by Milling. Pharm. Pharmacol. Commun. 2000, 6, 13–17. 

32. Irvin, R.T.; MacAlister, T.J.; Costerton, J.W. Tris(hydroxymethyl)aminomethane buffer modification of Escherichia coli outer 

membrane permeability. J Bacteriol. 1981, 145, 1397–1403. 

33. Omachi, A.; Macey, R.; Waldeck, J.G. Permeability of cell membranes to amine buffers and their effects on electrolyte transport. 

Ann. New York Acad. Sci. 1961, 92, 478–485. 

34. O'Shea, J.; Augustijns, P.; Brandl, M.; Brayden, D.; Brouwers, J.; Griffin, B.; Jacobsen, A.; Lennernäs, H.; Vinarov, Z.; O'Driscoll, 

C.M. Best practices in current models mimicking drug permeability in the gastrointestinal tract—An UNGAP review. Eur. J. 

Pharm. Sci. 2022, 170, 106098. 

35. Adinortey, M.B.; Ansah, A.; Galyuon, I.; Nyarko, A. In vivo models used for evaluation of potential antigastroduodenal ulcer 

agents. Ulcers 2013, 2013, 1–12. 

36. Suleyman, H.; Abdulmecit, A.; Bilici, M.; Cadirci, E.; Halici, Z. Different mechanisms in formation and prevention of 

indomethacin-induced gastric ulcers. Inflammation 2010, 33, 224–233. 

37. Cimini, A.; Brandolini, L.; Gentile, R.; Cristiano, L.; Menghini, P.; Fidoamore, A.; Antonosante, A.; Benedetti, E.; Giordano, A.; 

Allegretti, M. Gastroprotective effects of L-lysine salification of ketoprofen in ethanol-injured gastric mucosa. J. Cell Physiol. 

2015, 230, 813–820. 

38. Brzozowski, T.; Konturek, S.; Sliwowski, Z.; Drozdowicz, D.; Zaczek, M.; Kedra, D. Role of L-arginine, a substrate for nitric 

oxide-synthase, in gastroprotection and ulcer healing. J. Gastroenterol. 1997, 32, 442–452. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-

thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to 

people or property resulting from any ideas, methods, instructions or products referred to in the content. 


