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Abstract

:

A drug–drug and drug–excipient interactions and compatibilities study was conducted for two fixed-dose combination (FDC) products containing olmesartan medoxomil (OLM)/hydrochlorothiazide (HCT) 20/12.5 mg and OLM/HCT 40/12.5 mg during their development including storage. The study consisted of the evaluation of samples retrieved during all stages of a real manufacturing process. Powder X-ray diffraction (PXRD), differential scanning calorimetry (DSC), thermogravimetry (TGA), Fourier transform infrared spectroscopy (FT-IR), and contact angle techniques were applied to the samples to determine interactions and incompatibilities. Dissolution tests and long-term stability studies were conducted to evaluate dosage form performance. Results showed weak solid–state interactions able to obtain a eutectic mixture of OLM and HCT while microcrystalline cellulose (MC) impacted the thermal stability of both drugs. Reliable dissolution and long-term stability tests confirmed that the interactions observed were not considered incompatibilities because they were not influenced by the performance of the final products.
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1. Introduction


Hypertension or raised blood pressure (BP), is a serious medical condition that contributes to the development of cardiovascular diseases [1]. According to the World Health Organization (WHO) over a billion people have the condition and it represents a major cause of premature death worldwide [2]. Further, it has been reported by the WHO that only one in five people with hypertension have the problem under control where two-thirds of cases are found in low- and middle-income countries. In this regard, patients with Stage 2 hypertension (systolic BP ≥ 160 mmHg or diastolic ≥ 100 mmHg), have achieved adequate control of BP only by drug combination therapy. Consequently, the combination of antihypertensive agents with complementary mechanisms of action [3,4,5,6] is recommended. Studies have reported that the addition of hydrochlorothiazide (HCT) improves the BP lowering effects of angiotensin II receptor blockers (ARBs) and, angiotensin-converting enzyme (ACE) inhibitors. This enhancement has been attributed to the activation of the renin–angiotensin system (RAS) by the HCT, turning BP more dependent on angiotensin II [7].



Several fixed-dose combinations (FDCs) containing HCT with β-blockers, ACE inhibitors, ARB along with ACE inhibitors, and calcium channel blockers are now available. However, monotherapy [8,9] compared to other ACE inhibitors [10,11] or to different antihypertensive drug classes [12,13], the one containing olmesartan medoxomil (OLM) and HCT has been demonstrated in clinical trials to be the most effective in significant BP reductions and BP control in many patients while it is a well-tolerated therapy [3,14], hence, increasing the interest in developing formulations containing the OLM-HCT combination.



In this context, the development of a pharmaceutical dosage form is essential to conduct compatibility studies between the drug and excipients as well as between the drugs in the case of FDC formulations. Compatibility studies intend to guarantee the safety, efficacy, and stability of the final product by detecting chemical and/or physical instability [15] during the manufacturing, packaging, and storage processes [16]. The drug instability in the dosage form is generally mediated by solid–state reactions as complexation, ion exchange, polymorphic transformation, the formation of eutectic or solid solutions among others [16,17,18].



Compatibility studies are commonly carried out evaluating 1:1 drug–drug, and drug–excipients mixture combinations prepared in laboratory conditions [19]. Therefore, in this contribution, a compatibility study between excipients and OLM and HCT as well as between the drugs in real manufacturing conditions is reported. In addition, a long-term stability test has been conducted at the final stage of launching the product to the market. Figure 1 shows the chemical structures of drugs involved in this study.




2. Materials and Methods


2.1. Materials


OLM and HCT raw materials both in their polymorphic form I and microcrystalline cellulose (MC) excipients (Avicel® 101 and Vivapur®), croscarmellose sodium (Vivasol®), mannitol 2080 (Mannogem®), magnesium stearate, corn starch (Starch 1500), lactose (Lactose Fast-Flo), and colloidal silicon dioxide (Aerosil® 200) were supplied by Calox de Costa Rica (San José, Costa Rica). All excipients and drugs were National Formulary, USP grade. Olmesartan medoxomil and hydrochlorothiazide reference standards used in the HPLC quantification method were purchased from USP.




2.2. Methods


2.2.1. Sample Preparation


In this study, compatibilities and interactions between drugs and excipients were evaluated for two formulations of OLM–HCT tablets. The first one is composed of OLM 40 mg and HCT 12.5 mg (F1) and, the second one contains OLM 20 mg and HCT 12.5 mg (F2). Drug–drug and drug–excipient mixtures were prepared using appropriate quantities of all components necessary to obtain 28 kg of each formulation. The solids were prepared accordingly to the schematic process presented in Figure 2. and, submitted to real manufacture conditions, which include tableting and coating processes. The specific conditions are reserved to maintain the confidentiality of the pharmaceutical industry involved in this study.




2.2.2. Powder X-ray Diffraction (PXRD)


PXRD patterns were recorded on a PANalytical Empyrean diffractometer (Panalytical, Almelo, The Netherlands), equipped with a PIXcel detector (Medipix2, CERN, Geneva, Switzerland). Samples were scanned with a Cu Kα source (λ = 1.5418 Å), operated at 45 kV and 40 mA, step size 0.0016°, step time 20 s, and 2θ angular range between 4° and 50°. A soller of 0.04 rad located at the X-ray tube and a large soller of 0.04 rad located at the detector were used. A divergence slit of 1/4° and an antiscatter slit of 1/2° were implemented. Kβ was filtered using nickel. Powder material was measured in a zero-background sample holder whereas tablets were sanded to obtain a flat surface and placed in an irregular shape sample holder for the front-loading of solid samples. All the PXRD data were obtained at 25 °C, environmental conditions. The software Data Collector, High Score plus and PDF4+ (2021, Malvern PANalytical, Malvern, UK) were utilized.




2.2.3. Fourier Transform Infrared Spectroscopy (FT-IR)


FT-IR spectra of pure HCT, OLM, excipients and their mixtures were analyzed using a Thermo Scientific Nicolet 6700 FT-IR spectroscope (Thermo Scientific, Waltham, MA, USA) fitted with a diamond attenuated total reflectance (ATR) accessory. A small amount of the solid was placed directly into the ATR cell without further preparation. The data were recorded in the range of 4000−500 cm−1, collecting 32 scans at a resolution of 4 cm−1 with an additional correction at 25 cm−1 using the OMNIC Software.




2.2.4. Thermal Analysis


Differential scanning calorimetry (DSC) curves of the pure drugs and excipients as well as their mixtures were obtained using a TA Instruments DSC-Q200 calorimeter (New Castle, PA, USA) equipped with a TA Refrigerated Cooling System 90 (New Castle, PA, USA). Approximately 2 mg of the sample was weighted into aluminum crucibles and fitted in the DSC cell. The measurements were conducted under a dynamic nitrogen atmosphere of 50 mL/min, a heating rate of 10 °C/min and a temperature range of 40 to 200 °C or 300 °C when necessary. The DSC cell was calibrated with a standard reference material of indium.



Thermogravimetric analysis (TGA) of the pure drugs, a mixture of them with MC and the sampling five, were performed on a TA Instruments model Q500 thermogravimetric analyzer. Approximately 5 mg of the sample was in place in a platinum crucible using a temperature ramp of 10 °C/min from 25 to 1000 °C under a nitrogen atmosphere flow of 10 mL/min on the sample and 90 mL/min on the microbalance.




2.2.5. Contact Angle Measurement


The contact angle measurement was performed by the sessile drop technique using a Ramé-hart 250 F1 goniometer system (Rame-hart, Succasunna, NJ, USA) the capture of the image and the determination of the contact angle were carried out using the Drop-Image software.




2.2.6. Dissolution Test of HCT-OLM Tablets


The dissolution test of both F1 and F2 tablets were evaluated on a Hanson Elite Vision G2 dissolution test (Hanson Research, Chatsworth, CA, USA) system using the USP dissolution apparatus 2, in 900 mL of HCl 0.1 N as the medium was kept at 37 °C, with a stirring rate of 75 rpm for 30 min. Then, the solutions were filtered using a 0.45 µm membrane filters and analyzed by HPLC to determine drug concentration. The OLM and HCT content were quantified using a previously developed and validated in-house HPLC method (not reported) consisting of a Shimadzu LC-2010A HT HPLC (Shimadzu, Tokyo, Japan) system, equipped with variable wavelength detector, pump, variable temperature compartment column and autosampler. The mobile phase was composed of ammonium phosphate adjusted to pH 3.0 with triethylamine (A) and acetonitrile (B) using a gradient elution method starting at A:B 74:26 to reach 60:40 in 13 min, a flow rate of 1.3 mL/min, 30 µL injection volume, detection at 230 nm in a Phenyl-Hexyl column (Agilent, Santa Clara, CA, USA) (250 mm × 4.6 mm, 5 µm), and a temperature of 30 °C.




2.2.7. Solid-State and Physical Stability Study


A long term stability study was conducted on the final packaged products for the two developed formulations, F1 and F2, according to the ICH-Q1F Guideline [20]. The samples used were retention samples from the quality assurance process which were stored in a specific room at natural ambient conditions (i.e., approximately at 30 °C and 75% relative humidity) for 24 months. Then, samples were analyzed by PXRD, DSC, FT-IR, and dissolution test using the same conditions described in the previous sections. In addition, changes in the coating’s color in the product during time storage were determined [21].



Color were measured according to ISO/CIE 11664-2,3,4 standard [22] using a DigiEye® imaging system of VeriVide® (VeriVide, Leicester, UK), equipped with two light sources simulating the CIE D65 illuminant, and a special chamber providing a diffuse and very uniform illumination as well as an RGB digital camera (Nikon D7000®, Tokyo, Japan) placed in the vertical to the sample tray. The calibration of the camera was performed by using a ninth-order polynomial fit from RGB measurements of the 273 patches in a standard color chart and by keeping the average color difference between the nominal and measured values of the 273 color patches lower than 1.0 CIELAB unit. Twenty tablets were placed in a black sample holder in order to digitally determine the CIELAB coordinates of both sides of each new and old (24 months) analyzed tablets, to evaluate its color variability and change. To quantify the color variability, the MCDM (Mean Color Difference to the Mean) formula was used; this formula is a standard deviation alternative calculation that assumes the color space perceptual uniformity [23]. To evaluate the color changes, the CIEDE2000 (∆E00) Color Difference formula was used, in accordance with the ISO/CIE 11664-6 standard [24].






3. Results


3.1. Powder X-ray Powder Diffraction (PXRD)


It is well known that industrial manufacturing processes like drying, milling, micronization, wet granulation, lyophilization, and compaction can cause polymorphic transformations and the unexpected appearance of new crystalline phases [25,26]. Those procedures have been intentionally applied to achieve a physicochemical property modification based on the crystal engineering approach in the light of all possible manipulations of altering crystal packing, to disrupt crystal lattices, and/or reduce the size of the crystal [27]. A search in the literature as well as in the Cambridge Structural Database (CSD) was performed for both drugs. There was no structure deposited for OLM in the CSD and only a few reports on OLM polymorphism in the literature were found [28,29]. After comparison of peaks reported by Qui et al. (2017) [29] and with the peaks observed in the experimental powder pattern, it was concluded that the Form I is the polymorph present in the OLM starting material. In the case of HCT, several deposited structures were found in the CSD of which the calculated patterns were compared to the experimental pattern of the HCT raw material used herein. The experimental pattern matched with Form I of the deposition number 962,494 structure (CSD Entry: HCSBTZ05) [30].



Figure 3 shows the PXRD patterns of sampling 1 to 5 (see Figure 2) of F1 compared with pure drugs’ powder patterns. Only a few and weak reflections were observed in the diffractograms of all the samples which correspond to their respective pure drugs’ powder patterns signals. Therefore, no phase transformation in a strict sense from one to another crystal structure was evidenced; however, the amorphous phase in all the samples predominated. The increase in the amorphous content was observed along with the manufacturing process being more significant in the final steps and products. The amorphization exhibited in the samples was probably provoked by the characteristics of the mixing and sieving process [31,32]. Similar results were observed for the samples withdrawn in the manufacturing of F2 presented in Figure S1 (see Supplementary Materials).




3.2. Fourier Transform Infrared Spectroscopy (FT-IR)


Intermolecular interactions as hydrogen bonds can occurred between O–H or N–H containing molecules and the O– or N–atom of another molecule. In this case, both drugs possess hydrogen bond donor and acceptor groups [33]. In the case of hydrogen bond formation the wavenumber related to X–H bending is observed at a higher position and the one corresponding with the carbonyl C=O stretching is observed at a lower one [34].



The FT-IR spectra of each sampling of F1 as well as the pure OLM, HCT, and MC are presented in Figure 4. Pure OLM presents two characteristic bands at 1832 cm−1 and 1700 cm−1 corresponding with the carbonyl group in its lactone and ester nature, respectively, as well as the C–O stretching at 1227 cm−1 for the lactone and at 1163 cm−1 for the ester group. The NH out-of-plane bending mode of the CNH moiety was observed from 1200 cm−1 to 600 cm−1, including the peak at 768 cm−1, and the NNN bending was observed at 1002 cm−1 [35,36]. On the other hand, pure HCT exhibits characteristic absorption bands at 3358 and 3261 cm−1 corresponding with the N–H stretching of aliphatic primary and secondary amine. Further, bands associated with the C=C stretching vibrations were observed at 1606 and 1514 cm−1; C–H bending of aromatic compounds were evident at 1599 cm−1, 1516 cm−1 as well as C–H stretching vibrations of aromatic compounds at 3163 cm−1. Finally, the absorption bands attributed to SO2 were observed at 1336 cm−1 and 1320 cm−1 for the asymmetric and at 1169 cm−1 and 1062 cm−1 for the symmetric stretching. [35,36]. MC shows the characteristic cellulose backbone composed by O–H stretching absorption around 3350 cm−1, C–H stretching absorption at 2893 cm−1 as well as C–O–C stretching absorptions between 900 cm−1 and 1200 cm−1 [36,37,38]. The FT-IR spectra for all the samplings including tableting and coating show absorption bands in the same position of their individual components indicating no strong interactions in the solid state. Similar results were observed for the samples withdrawn in the preparation of F2 (see Figure S2).




3.3. Thermal Analysis (TA)


In the study of polymorphic transformations, TA is an important complementary technique and has been the most widely used DSC and TGA [39,40,41].



Figure 5a presents the DSC curves obtained for the studied samples as well as for the HCT and OLM raw materials. OLM and HCT melting temperatures were observed at 186.5 °C and 269.1 °C, respectively, which correspond to the reported Form I of them in the literature [28,30]. The DSC curves of sampling 1 and 2 exhibited the thermal endothermic events associated with OLM and HCT without shift. Interestingly, in the case of OLM, the noisy signal observed from 209 °C to 263 °C, which is indicative of thermal degradation was observed as smoothed in sampling 1 which contains MC. On the other hand, the exothermic event at 290.9 °C observed in sampling 2 (e.g., HCT and MC) suggests thermal decomposition at a higher temperature than the pure drug. Therefore, TGA measurements were conducted and presented later herein.



In the sample containing HCT–OLM–MC, a single endothermic event was observed at a lower temperature than of the individual pure drugs, being much lower than the HCT thermal event and slightly lower than the OLM melting temperature. This thermal behavior is commonly observed in eutectic mixture formation [42]. Furthermore, the unaltered crystal structure observed in this sample by PXRD results, as well as DSC results, confirm the formation of a eutectic mixture between HCT and the OLM exhibiting a melting temperature at 185.3 °C. This thermal behavior was observed in the samples withdrawn along the process from sampling 3 to the final product.



Eutectic mixtures is a type of solid dispersion [43] exhibiting differences in properties like solubility, stability, and bioavailability due to their high free energy, enthalpy, and entropy functions [44,45,46]. These characteristics can be advantageous in pharmaceutical formulations to ameliorate or overcome some drawbacks, for instance manufacturing of poorly water-soluble drugs. In addition, preparing them is considered low cost, easier to produce, and scale-up [47,48] and, in terms of regulations, they are not considered new chemical entities [48] or new crystal forms [49].



After the addition of the other excipients in sampling 4, a second melting event at 167.9 °C was observed in the DSC curves as well as in sampling 5, the tableted and coated products. The DSC analyses of the excipients added to the process confirm that this endothermic event corresponds to the melting temperature of mannitol while maintaining the constant melting event of the eutectic mixture formed between OLM and HCT. Hence, no additional drug–excipient interactions have occurred. However, tableting and coating samples presented a decrease in the melting temperature of the eutectic of approximately 10 °C, as evidenced in Figure 5b. Theoretically, the decrease in melting temperature has been attributed to the high pressures applied to particles in a powder [50] during compression or tableting. Bi et al. (2003) have reported the eutectic formation upon compaction [51]. The authors’ hypothesis is that mechanical stress promotes intimate contact between the eutectic’s components replacing the effect of temperature typically needed for eutectic formation, which the only function is indeed to facilitate that intimate contact [51]. The same thermal behavior was presented by the F2 formulation (see Figure S3).



The thermal stability of OLM and HCT containing MC was studied comparing the weight loss of the pure drugs and their respective mixtures containing MC through the TGA curves. Figure 5c shows that the first mass loss event of pure OLM occurs at 225.10 °C, while in their mixture with MC, the event was moved to 339.01 °C, an increment of more than 100 °C. As previously suggested by the DSC curves, thermograms of pure HCT in Figure 5d exhibit a major decomposition event at 307.94 °C, whilst sampling 2 decreased to 288.27 °C. These results hint that the MC interacts positively with the OLM, ameliorating its thermal stability. Nevertheless, the MC apparently caused the opposite effect on HCT to a smaller degree because the difference in temperature was around 20 °C.




3.4. Contact Angle


Contact angle is related to the degree of wettability or the interaction of a liquid with a solid surface. Usually, the contact angle ranges from 0° to 180° for complete wetting to no wetting, respectively [52]. Table 1 shows the contact angle values for OLM, HCT, and their binary mixtures in the composition of F1 and F2. The smaller contact angle corresponds to higher wettability, which implies a more hydrophilic surface and results in better dispersibility in the medium. Water has been regularly used as the medium in contact angle determination [53] and was used in this contribution. Higher wettability using water as a medium denotes lower surface tension or higher free energy of the powder; therefore, it is expected that the powder dissolves easily in water [46]. HCT presented a higher contact angle than OLM, indicating higher wettability of OLM. The combination of drugs produced a decrease in contact angle values compared to the values observed in the individual drugs. The formulation containing OLM as a majority component exhibited a contact angle value quite similar to pure OLM. As wettability is closely related to solubility, the results suggest that the association of OLM and HCT would improve the water solubility of each drug. However, further analyses need to be done to correlate the contact angles and solubilities of this system.




3.5. Dissolution Test of HCT-OLM Tablets


The dissolution test aims to evaluate the adequate performance of a drug in a pharmaceutical product as well as the quality and reproducibility of the product from batch to batch. The assay was performed according to an in-house method that has been developed and validated accordingly with Costa Rica’s regulatory requirements as the OLM-HCT is not an official pharmacopeial product. Therefore, the dissolution medium used for these products was HCl 0.1 N in which both drugs were completely soluble.



The results obtained for the final F1 and F2 products are presented in Table 2. The appropriate performance of a dosage form administered orally is confirmed when the compliance with the dissolution requirements indicated in the specific USP monograph are fulfilled or by the pre-established criteria of the in-house developed methods [54]. In this scenario, OLM and HCT in both formulations, F1 and F2, exhibited dissolution accordingly with the product specification in the evaluated time.




3.6. Solid-State and Physical Stability


The long-term stability of both formulations, F1 and F2, were evaluated through PXRD, DSC, FT-IR, and color measurements after 24 months of storage.



Figure 6 shows the PXRD patterns, DSC curves, and FT-IR spectra comparing the freshly prepared product with the product after 24 months for F1 formulation. There are no differences observed between 0 months and 24 months products. Similar results were observed for the F2 product (See Figure S4). Further, the dissolution test results presented in Table 3 demonstrated an unaltered product after time of storage.



Finally, Table 4 presents the results obtained in the measurements of color. It shows that all the tablets, at 0 months and 24 months storage, have similar color because the CIELab coordinates are close. Additionally, the MCDM and ∆E00 parameters are very low. This means that there is no significant color variability or color change in the tables over time.



These results show the mean of tablet color in CIELab coordinates and the color dispersion and color change of OLM–HCT 20 mg (F1) and 40 mg (F2) from 0 months and 24 months. It was determined that in the case of F1, the Lightness (L*) remained in very similar ranges; the Chroma (C*) had a variation of one CIELab unit, while the angle remained approximately the same, so that the MCDM (Mean Color Differences from the Mean), which measures the variability in samples, was relatively stable both at 0 months and 24 months, although a decrease is probably due to the minimal loss of surface characteristics, which allows for greater confidence in the data obtained. In this case, the chromatic differential measured with the CIEDE2000 formula (∆E00) gives a difference of 1.32 units, which is barely noticeable, but could be due to surface discoloration caused by the aging of the tablets, which is necessary to monitor with sensitive equipment such as the DigiEye®. The results for F2 are similar, but show more variation in the Lightness (L*) than in the Chroma (C*); although the MCDM decreases with time, there is enough proportional similarity to the previous case. The chromatic differential (∆E00) is even smaller than F1.





4. Conclusions


Safe, effective, and stable FDC dosage forms containing OLM and HCT have been developed supported by a complete interaction and compatibility study. The FDC containing these drugs has been demonstrated to be the most effective therapy in significant BP and achieving BP control in many patients, and it is a well-tolerated therapy as well. The incidence of people with this medical condition uncontrolled is a concern in low- and middle-income countries. Therefore, it is important to develop reliable and accessible products. Studying drug–drug and drug–excipient interactions is an approach used to guarantee quality products by detecting chemical and/or physical instability during pharmaceutical product development. To achieve this goal, the evaluation of solid-state and physical properties through several techniques becomes essential. In this contribution, weak drug–drug interactions were observed to produce a eutectic mixture of OLM and HCT confirmed by DSC, PXRD, and FT-IR techniques. However, these interactions were not strong enough to provoke a phase transition or the formation of a new crystalline phase. In addition, drug–excipient interactions occurred between MC and both drugs, which were associated with an increase in the thermal stability of OLM and a slight decrease in the HCT one. In fact, these interactions did not represent incompatibilities because the analyses demonstrated that there was no influence on them in the final product performance. Further, solid-state characterization techniques applied to the long-term stability study indicated no changes in the solid-state and physical properties of the ageing product compared to the recently prepared, including the dissolution test. In relation to the colorimetric analysis, there are few perceptible variations in the color of the surface; it was a minimal change in the chromatic variables along time. Furthermore, the higher concentration of F2 exhibited less change on the color of the tablets surface.
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Figure 1. Chemical structures of (a) olmesartan medoxomil (OLM) and, (b) hydrochlorothiazide (HCT). 
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Figure 2. Schematic representation of the manufacturing process. 
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Figure 3. Experimental PXRD patterns of each sampling of F1: (a) OLM and sampling 1 (i.e., OLM + MC), (b) HCT and sampling 2 (i.e., HCT + MC), (c) OLM, HCT and sampling 3 (i.e., sampling 1 + 2), (d) Sampling 3 and samplings from 4–7. 
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Figure 4. FT-IR spectra of each sampling of F1: (a) OLM and sampling 1 (i.e., OLM + MC), (b) HCT and sampling 2 (i.e., HCT + MC), (c) OLM, HCT, and sampling 3 (i.e., sampling 1 + 2), (d) Sampling 3 and samplings from 4 to 7. 
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Figure 5. DSC curves of F1 (a) pure OLM, HCT, and sampling from 1 to 5, (b) sampling from 5 to 7 and mannitol, (c) thermograms of OLM and sampling 1 and (d) thermograms of HCT and sampling 2. (Dotted lines represent the derivative of % weight loss as a function of temperature). 
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Figure 6. Solid-state stability determinations of F1 freshly prepared and after 24 months of storage of product (a) PXRD, (b) FT-IR, and (c) DSC curves. 
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Table 1. Contact angle results.
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	Sample
	Contact Angle °





	OLM
	41.4 ± 0.3



	HCT
	52.7 ± 0.3



	OLM 20 mg-HCT 12.5 mg
	26.1 ± 0.3



	OLM 40 mg-HCT 12.5 mg
	38.2 ± 0.3
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Table 2. Drug content and percentage of labelled drug dissolved in the dissolution test for F1 and F2 formulations.
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F1

	
F2




	

	
OLM

	
HCT

	
OLM

	
HCT






	
Drug per tablet (mg)

	
38.8 ± 0.6

	
12.3 ± 0.3

	
19.6 ± 0.2

	
12.4 ± 0.4




	
Drug dissolved (%)

	
97.0

	
98.0

	
97.8

	
99.1
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Table 3. Drug content and percentage of labelled drug dissolved in the dissolution test for F1 and F2 formulations after 24 months of storage.
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F1

	

	
F2




	

	
OLM

	
HCT

	
OLM

	
HCT






	
Drug per tablet (mg)

	
40.8 ± 0.2

	
13.0 ± 0.1

	
19.1 ± 0.3

	
12.6 ± 0.3




	
Drug dissolved (%)

	
101.0

	
104.0

	
96.0

	
106.0
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Table 4. Results of color stability (MCDM, ∆E00) at 0 and 24 months for two different formulations, F1 and F2.
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Formulation

	
0 Months

	
24 Months

	
Color Stability Results




	

	
L*

	
C*

	
h°

	
L*

	
C*

	
h°

	
MCDM

	
∆E00






	
F1

	
95.65

	
3.71

	
105.17

	
93.91

	
2.79

	
100.99

	
0.43/0.39

	
1.32




	
F2

	
75.83

	
26.88

	
27.40

	
74.88

	
26.51

	
27.98

	
0.44/0.35

	
0.74








Measurements based on the color coordinates: Lightness (L*), Chroma (C*), and hue angle (h°).
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