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ABSTRACT. Multicomponent crystal (MCC) formulation consists of drug and co-former that spectrophotometrically has an 

interference each other. The aim of this research was to evaluate and develop the analytical method to obtain a fast, cheap, 

efficient, and adequate method to estimate desloratadine (DES) in MCC formulation using three different methods. Single 

wavelength calibration model was constructed at 290 nm, multiple component equations was obtained from 273 nm and 

283 nm, and multivariate analysis consists of partial least square (PLS) and principal component analysis (PCA), a chemo-

metric based, assisted the model selection and model calibration. Single wavelength method and multivariate analysis model 

had been fully validated i.e. range, specificity, accuracy, precision, limit of detection, and limit of quantification. A multivariate 

analysis had more adequate ability to estimate the DES and co-former in the MCC formulation. 

 

Keywords: Desloratadine, multicomponent crystal, multivariate, PLS 

 

INTRODUCTION 

Poorly water-soluble drugs have some problems 

related to the bioavailability due to its solubility 

(Loftsson, Muellertz, & Siepmann, 2013) e.g. 

desloratadine (DES) (Kolašinac et al., 2012). DES, a 

loratadine’s derivate, has been used as a second 

generation of antihistamine drugs (non-sedative 

effect) and a high-selective of peripheral of H1 

receptor antagonist that has been proven its safety and 

efficacy to treat rhinitis allergy, asthma, urticarial, and 

anti-inflammation (Agrawal, 2001). Therefore, several 

approaches have been introduced such as cyclodextrin 

complexation (Ainurofiq & Choiri, 2016; Ainurofiq et 

al., 2016), lipid formulation (Kalepu, Manthina, & 

Padavala, 2013), nanoparticle (Kalepu & Nekkanti, 

2016), and crystal technology including nanocrystal 

(Lai et al., 2014), amorphous dispersion (Huang, 

Mao, Williams III, & Yang, 2016),  and crystal 

manipulation (Golob et al., 2016) to improve its 

solubility of poorly water. The multicomponent crystal 

(MCC) is attractive, feasible, and simple technologies 

compared to others crystal technologies (El-Gizawy, 

Osman, Arafa, & El Maghraby, 2015; Golob et al., 

2016). Meanwhile, the MCC not only improved a 

solubility of the drug, but also it improved stability and 

physicomechanic properties e.g. a compaction 

behavior (Ahmad Ainurofiq, 2018). A co-former as co-

material is required to form MCC formulation (El-

Gizawy et al., 2015; Yadav, Shete, Dabke, Kulkarni, 

& Sakhare, 2009). 

In the pharmaceutical formulation, an assay is an 

important step to determine the drug content in the 

formulation (Siddiqui, AlOthman, & Rahman, 2017). 

Several approaches in DES assay have been reported 

e.g. UV spectrophotometric (Cağlar & Oztunç, 2007; 

Takano, de Souza Reis, Singh, & Lourenço, 2017) or 

complexation followed by the visible 

spectrophotometric approach to improve selectivity as 

the presence of matrix (Cağlar & Oztunç, 2007; 

Gouda & Kasssem, 2016), spectrofluorometric and 

HPLC method (El-Enany, El-Sherbiny, & Belal, 2007). 

Complexation to improve selectivity is not simple and 

affordable approaches, and it is very depending on 

the kinetic or stoichiometric of reaction of DES and its 

ligand (Gouda & Kasssem, 2016). A chromatography 

method is attractive due to a separation process, this 

step can improve selectivity on the drug assay (El-

Enany et al., 2007), although compared to the 

spectrophotometric approach, it is a high cost and 

needs a long time to analyze. However, an assay of 

the drug in MCC formulations using UV 

spectrophotometric technique along with 

predetermined single wavelength is difficult due to a 

presence of co-former as matrix or interference (Yadav 

et al., 2009). Analytical problem regarding the mixture 

of substances can be solved by a multiple wavelength 

technique. In addition, the peak of specific UV band 

corresponding to each drug should be in a high 

resolution. However, overlapping band could be 

analysed using UV-Vis spectrophotometry (Liudmil 
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Antonov & Stefan Stoyanov, 1993). In addition, 

multivariate method can be easily applied for 

eliminating the interference of overlapping band. Until 

to the date, there were not yet reported simple, cheap, 

and fast methods to analyze DES in the MCC 

formulation. Therefore, a selected method or 

instrument that has simple, fast, cheap, and efficient 

characteristics is needed to conduct DES assay in an 

MCC formulation. 

In this study, we produced the MCC formation of 

DES with benzoic acid (BZA) as the co-former due to a 

high interference in the spectrophotometric assay. The 

purpose of this study was to evaluate and develop the 

accurate, fast, simple, cheap, and efficient methods on 

the assay of DES in the MCC formulation as a 

presence of BZA as co-former at a single wavelength, 

multiple wavelengths, and multivariate analysis using 

UV spectrophotometric assay. 

 

EXPERIMENTAL SECTION 

Materials 

DES was purchased from Xi’An Wango Biopharm 

Co.Ltd., (Shaanxi, China), BZA was obtained from 

Sigma Aldrich (St. Louis, MO), methanol from J.T. 

Baker (Phillipsburg, NJ), hydrochloric acid from Merck 

(Darmstadt, Germany) 

Preparation of DES MCC 

Simulation of DES MCC was performed by BZA as 

the co-former. An equimolar mixture of DES and BZA 

was dissolved in the methanol followed by an 

evaporation using a rotary evaporator Buchi 

Rotavapor R-215 (Flawil, Switzerland) at temperature 

45ºC and pressure 208 mbar. The DES-BZA MCC was 

obtained by grinding the dried mixture and stored in 

the desiccator until further analysis (Ainurofiq, 

Mauludin, Mudhakir, & Soewandhi, 2018). 

Preparation of Standard Stock Solution 

A standard stock solution was separately prepared 

by weighing accurately of DES 25.0 mg and BZA 25.0 

mg then it transferred into a 100 m volumetric flask. 

In addition, to dissolve DES and BZA, a minimum 

amount of methanol was added as a co-solvent (in the 

final concentration, not more than 1%). Several 

solvents were applied e.g. methanol, water, and HCl 

0.1N to obtain standard stock solutions of DES and 

BZA. 

UV-Band Acquisition 

A 1 mL of standard stock solution was transferred 

into a 10 mL volumetric flask followed the addition of 

methanol, water and HCl 0.1N, separately. 

Furthermore, solution scanned from 400 to 200 nm 

using a Beckman Coulter DU 720 UV-Vis 

Spectrophotometer (10 mm quartzcells) (Potterville, 

CA). 

One Wavelength Model Calibration 

One wavelength model calibration was conducted 

at 290 nm using HCl 0.1N as a solvent. Firstly, several 

concentrations of calibrations solution series were 

prepared by dilution of standards stock solution of DES 

until the concentration of 5, 10, 12, 16, 20, 25, and 

30 µg/mL was achieved. Each solution was scanned 

at 290 nm. The calibration model was constructed as 

a function of concentration and response 

(absorbance). A validation of calibration model was 

performed i.e. linearity, range, accuracy, precision, 

limit of detection (LoD), limit of quantification (LoQ). 

Linearity and range were performed at 

concentration levels of 5 – 30 µg/mL. In addition, 

precision and accuracy were performed at 3 different 

concentration levels and scanned triplicates. LoD and 

LoQ were determined by standard deviation of blank 

(Sblank) and slope (b) of the calibration model by 

following equations. 

LoD = 3.3 x     (1) 

LoQ = 10 x     (2) 

Multiple Wavelength Model 

A multiple wavelength model was conducted at 

273 and 283 nm using HCl 0.1 N as a solvent. Firstly, 

a 7 concentration levels of DES and BZA at response 

ranged from 0.2 – 0.8 AU was prepared by dilution 

with HCl 0.1N. An absorptivity (A1%,1cm) was calculated 

based on response and concentration. Depending on 

different wavelengths of 273 and 283 nm, two 

equations were constructed based on responses at 

different wavelengths (Y273 and Y283, respectively) and 

A1%,1cm of DES (ADES273 and ADES283, respectively) and 

BZA (ABZA273 and ABZA283, respectively). 

Y273 = (a x ADES273) + (b x ABZA273)  (3) 

Y283 = (a x ADES283) + (b x ABZA283)  (4) 

Where a and b are concentration of DES and ABZ, 

respectively. The validation of this model was 

performed by accuracy and precision using 3 different 

concentration levels of an equimolar mixture of DES 

and ABZ. 

Multivariate Model Calibration 

A calibration series concentration was prepared by 

different DES to ABZ weight ratio i.e. 100:0; 90:10; 

80:20; 70:30; 50:50; 20:70; 0:100. Each ratio was 

weighed accurately 25.0 mg and transferred into a 

100 mL volumetric flask followed by addition of HCl 

0.1 N. Thereafter, a dilution process was conducted 

until a concentration level of 25 µg/mL was achieved 

for each ratio. All solutions were scanned from 320 to 

200 nm at a resolution of 2 nm using a Beckman DU 

720 UV-Vis Spectrophotometer (a 10 mm quartz cells) 

(Potterville, CA). A chemometric analysis including 

partial least square (PLS) calibration model and 

principal component analysis (PCA) was applied in the 

multivariate analysis. 

Validation in this PLS model was conducted by a 

cross-validation using a leave one out method. 

Accuracy and precision were determined by based on 
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the calculating recovery between observed and 

predicted of cross-validation method. Linearity and 

range were validated based on the calibration model. 

Assay of DES in MCC Formulation 

A 25.0 mg of DES MCC was weighed and 

transferred into a 100 mL volumetric flask followed by 

a dilution with HCl 0.1 N until a 25 µg/mL of 

concentration level was achieved. The solution was 

scanned from 320 to 200 nm at 1 nm of resolution 

using a Beckman DU 720 UV-Vis Spectrophotometer 

(10 mm quartz cells) (Potterville, CA). The DES content 

was determined based on validated one wavelength, 

multiple wavelengths, and multivariate methods and 

calculated based on the co-crystal formulation 

Data Analysis 

Calibration model was evaluated by regression test 

using 95% of confidence level (p-value = 0.05), and 

the intercept was not significant difference from zero 

(p>0.05). PLS and PCA were analysed using Minitab 

software (version 16, Sydney, Australia).  The 

coefficient of determination (R
2
) and root mean square 

of cross-validation (RMSCV) were used as criteria for a 

PLS analyses depending on the number of selected 

components. 

Analysis of variance (ANOVA) was used to 

compare the assay test followed by t-test using 95% of 

confidence level (p-value = 0.05). A one-sample t-test 

was implemented for comparison of predicted value 

by each model and theoretical value using 90% 

confidence level (p-value = 0.1). 

 

RESULTS AND DISCUSSION 

In a prior study, we examined the co-former to 

simulate the effect of the matrix that had a high 

interference using UV spectrophotometer. Therefore, 

BZA  had  been  selected  as  co-former to simulate 

the  MCC  technique.  Spectrophotometer UV had 

been  chosen  as  instrument  due  to  cheap,  easy 

and  fast  analysis (El-Enany et al., 2007). Des and 

BZA  had  been  screened  using  several  solvents.  

UV-Bands  of DES and BZA using methanol, water, 

and  HCl 0.1N  are presented in Figure 1. An HCl 

0.1N  as  the  solvent  was  selected  in an assay 

process  of  DES  due  to  high  absorptivity  value.  

DES  had  a wavelength that has maximum 

absorbance (λmax) using HCl 0.1N, methanol and 

water  of  283, 243, and 240, respectively and BZA 

had λmax using HCl 0.1N, methanol, and water of   

273,  272,  and  273 nm,  respectively. Using 

methanol  and water as solvents reduce the intensity 

of DES and induced the hypsochromic and 

hypochromic peak shiftings. These phenomena 

affected by an unprotonated of N group in the 

molecular structure of DES, thus reduce the 

conjugation system (Cağlar & Oztunç, 2007). In 

addition, BZA in an acidic solvent had a lower 

intensity,  this  effect  was  an  advantage due to a 

lower interference if an acidic medium was used.  

Three calibration methods had been used to obtain 

the effective and efficient to reduce the interference of 

BZA. The single wavelength method has been used at 

290 nm. This wavelength was selected due to a low 

interference of BZA response (<2%). Using acidic 

medium, BZA had a low absorbance around 280 to 

290 nm, therefore at wavelength 290 nm BZA only 

interfered the DES response of 0.87%. A calibration 

model was constructed at range 5 – 30 μg/mL and 

obtained a regression model based on the following 

equation. 

y = 0.0274x – 0.0105 (R
2
 = 0.996)  (5) 

Where y was absorbance at 290 nm and x was 

concentration (μg/mL) of DES. This regression model 

was a significant model (p<0.05) and an intercept 

was not significant (p>0.05). Depending on Eq. 5, 

absorptivity at 1% (w/v) concentration using 1 cm 

path-length (A1%1cm) of DES was 274, furthermore it 

reflected sensitivity of DES and not significant of 

random error (p<0.05), respectively. 

A calibration model was constructed based on the 

actual and predicted concentrations, thus this model 

has a high correlation (R) between actual and 

predicted by 99.80% (Figure 2; R
2
 = 0.9961). In 

addition, to ensure the quality of assay results this 

model had been validated. Validated results are 

presented in Table 1. The calibration model had a 

good linearity at range 5.06 – 30.36 μg/mL that had 

been proven by R
2
 more than 0.98, thus this model 

followed a Lambert-beer law and concentration 99.6% 

affected the response, although 0.4% error affected by 

unknown variables. The calibration model had good 

accuracy and precision that had been proven by 

recovery between 98 to 102% and RSD less than 2%. 

Although, this model had limitation i.e. the matrix 

interference cannot be considered though it had low 

interference level. Therefore, we compare the others 

model to estimate the effect of matrix interference. 

A multiple wavelengths model can be used to 

estimate or compensate the effect of overlapping band 

because an absorbance of spectroscopy spectrum is 

naturally an additive effect. In multiple wavelength 

models, we chose at λmax of DES and BZA in HCl 0.1N. 

Several concentrations that had response ranged from 

0.2 to 0.8 has been used to determine A1%1cm of DES 

and BZA. The concentration used  had  good  linearity  

(R
2
 more than 0.99). A1%1cm  values  of  DES  and  BZA  

are  presented in Table 2. Based on an A1%1cm value, 

multiple component equation was constructed based 

on Eq. 3 and 4. 

Y273 = 287.4a + 65.3b  (6) 

Y283 = 303.2a + 45.4b  (7) 

Depending on Eqs. 6 and 7, using a mathematical 

substitution method, DES concentration (a) and BZA 

concentration (b) can be calculated. Furthermore, to 

ensure the quality of assay the model had been 

validated by accuracy and precision. This model had 

not suitable accuracy and precision that was 97.73% 
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of recovery (outrange of 98 – 102%) and 2.24% of 

RSD (more than 2.0%). Based on these data (multiple 

wavelengths) showed that BZA had interference on 

DES recovery and RSD on the other word multiple 

wavelength method cannot be adequate to consider 

the effect of overlapping DES and BZA UV-band. 

 

 

Figure 1. Spectrum UV of desloratadin (—) and benzoic acid (---) in different medium 

e.g. hydrochloric acid 0.1N (black line), water (red line), and methanol (blue line) 

 

 

Figure 2. Calibration model of a single photometric method at a wavelength 290 nm 

 

Table 1. Validation parameters of single and multiple wavelength methods 

Validation Parameters Single wavelength method 
Multiple wavelength 

method 

Range (µg/mL) 5.06 – 30.36 - 

Linearity; R
2
 0.996 - 

Recovery (%) 99.97± 1.39 97.73±2.12 

Precision (%) 1.39 2.24 

LoD (µg/mL) 0.48 - 

LoQ (µg/mL) 1.43 - 

 

Table 2. Absorptivity (A1%;1cm) of desloratadine and benzoic acid at 0.1N HCl as medium 

API 
A1%;1cm at wavelengths 

273 nm 283 nm 

Desloratadine 287.4±22.8 303.2±24.5 

Benzoic Acid 65.3±3.0 45.4±0.8 
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Figure 3. Spectrum UV of mixture between desloratadine and benzoic acid at several ratios 

 

 

 

Figure 4. PLS score plot of multivariate method from 320-200 nm of UV band 

 

A multivariate analysis based on chemometric 

analysis was used to estimate the Des in the co-crystal 

formulation. In this model, a UV band ranged from 

320 to 200 nm was implemented. UV bands of several 

mixtures under different ratios are presented in Figure 

3. A similar pattern of UV Band was shown at range 

band of 320 – 250 nm, while a different pattern 

observed at 250 – 200 nm due to a contribution of 

different ratio of DES and BZA. Depending on these 

reasons, a multivariate analysis based on PCA to 

divide based on component and PLS to predict the 

unknown concentration of DES in the MCC 

formulation.  

PLS and PCA are an adequate method that reduces 

numerous predictors as components, thus a predictive 

model can be simplified and has a high predictive 

power (Rohman, Sismindari, Erwanto, & Che Man, 

2011). Based on PCA, score plot showed that different 

pattern of UV band. UV bands of a mixture 50% DES 

and 50 BZA and 70% DES and 30% BZA had different 

patterns that were proven by different quadrants on 

the score plot. A similar pattern was shown by similar 

quadrant and vice versa (Figure 4). This result did not 

provide a direct implication for DES and BZA 

quantification. However, it provided the pattern 

recognition along with changes in the concentration 

ratio. Therefore, the unique pattern was observed at 

concentration in range of 50-80%. A calibration 

model based on PLS regression was constructed based 

on actual value and predicted value of regression 

model (Figure 5a). Predicted value was calculated 

depending on the absorbance in each wavelength 

(nm) in UV band using determined model i.e. PLS 

regression. A two components model was chosen in 

PLS regression due to the highest predicted R
2
 (0.999) 

and the lowest predicted residual error sum square 

(8.126). The model was a significant term (p<0.05) 

and the model has lowest RMSECV. A validation 

method based-cross validation using a leave one out 

method was implemented to ensure the predictive 

power of the model. The cross-validation model is 

presented in the Figure 5b. Based on this model 

recovery was obtained 99.58% and RSD was 0.73%. 

The model has a good linearity at the range of DES 

0% to DES 100% mixture (R
2
 = 0.9997). Results of the 

assay can be calculated based on the coefficient of PLS 

regression from 61 predictors and simplified to 2 

predictors. 
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(a) 

 

(b) 

Figure 5. Calibration model (a) and cross-validation calibration model (b) of PLS based analysis 

using UV band ranged from 320-200 nm 

 

Figure 6. Assay of desloratadine in multicomponent crystal formulation using three different 

methods. Connected two lines implied comparison of two model *: significant different term (p 

<0.05), **: not significant different from actual concentration (p>0.1), and ***: significant different 

from actual concentration (p<0.1). 

 

The assay of DES in the MCC formulation using 

three different methods was performed and the result 

is presented in Figure 6. Theoretically, an equimolar 

mixture consists of 71.22% of DES. In addition, results 

of three different methods were compared and a 

multivariate analysis showed the powerful predictive 

model that had a concentration of 71.30±0.90% DES 

in the MCC formulation (p>0.1). Although, the single 

and multi-wavelength model showed an undesirable 

DES assay in the MCC formulation 75.75±2.04 and 

67.14±3.66%, respectively. A multivariate model 

compares the whole of UV band under range from 

320 to 200 nm, this method is powerful and adequate 

to estimate the DES in the MCC formulation. 

 

CONCLUSIONS 

The assay of DES in the mixture with BZA in MCC 

formulation was performed by three different methods 

i.e. single-wavelength, multi-wavelength, and 

multivariate based PLS and PCA. A two of these 

methods had been fully validated. Compared to the 

other method, multivariate is an adequate and 
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powerful model to estimate the DES in the binary 

mixture or MCC formulation. Multivariate analysis 

based-UV spectrophotometric was simple, cheap, 

accurate, efficient, and adequate to estimate DES 

assay in the MCC formulation. 
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