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ABSTRACT. Ritonavir is an antiretroviral medication used to treat AIDS (Acquired Immune Deficiency 
Syndrome)/HIV (Human Immunodeficiency Virus). This article describes the development and validation of 
spectrophotometric and liquid chromatographic techniques for ritonavir quantification in pharmaceutical 
formulations. Liquid chromatographic analyzes were carried out using a C18 column and a mobile phase consisted 
of 20 mM KH2PO4 (pH = 3.0) and acetonitrile (45:55, v/v), with a flow rate of 1.2 mL min-1 and UV detection at 
235 nm. For the spectrophotometric analyses, ethanol was employed as a solvent, The UV spectra of the standard 
and sample solution were scanned between 200 and 800 nm, and λmax was determined as 235 nm. Analytical 
techniques have been validated in accordance with the processes outlined in the ICH (International Council for 
Harmonization) recommendations. The results showed that the analytical procedures were linear, accurate, precise, 
and robust. The recovery values of the methods are within the standard norms (98102%). Following that, a 
statistical comparison of analytical techniques was carried out, and the findings revealed no significant difference. 
Consequently, the developed analytical techniques might be used quality control analysis of ritonavir in 
pharmaceuticals.  
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INTRODUCTION 
 

As of March 07, 2022, WHO had documented 5,998,301 deaths and 445,096,612 cases of Covid-
19 worldwide [1]. There is presently no antiviral or therapeutic treatment available to treat Covid-
19. Covid-19 illness is uncontrolled and has become a severe worldwide concern due to its high 
fatality rates. 
 Infected people have been given off-label treatments [2–4]. A large variety of antivirals have 
been investigated in in vitro research as well as approved clinical trials. The majority of them are 
protease inhibitors from a biological perspective [5–9]. Protease is a virus-growing enzyme. 
Protease inhibitors can prevent these enzyme activities. These inhibitors bind selectively to viral 
proteases and block the proteolytic cleavage of protein precursors required to produce infectious 
viral particles. As a result, viral replication is prevented. Ritonavir, indinavir, amprenavir, 
nelfinavir, saquinavir atazanavir drugs are in this class. They are used in highly active anti-
retroviral therapy. Among these drugs, ritonavir is used for the treatment of HIV/AIDS. It is often 
used alone or in combination with other anti-retroviral drug [10]. The chemical properties of 
ritonavir have been presented in Table 1. 

The ritonavir monograph is officially available in both the United States Pharmacopoeia and the 
British Pharmacopoeia describing the high-pressure liquid chromatography (HPLC) technique for the 
quantification of ritonavir in bulk powder [11, 12]. 

According to a literature review, various spectrophotometric methods for determination of 
ritonavir in pharmaceutical formulations have been developed [1315]. In the literature, several 
HPLC methods for determination of ritonavir have been published [1618]. Some of these are for 
the simultaneous detection of antiretrovirals in human plasma by reversed phase high performance 
liquid chromatography methods [1922], two high performance liquid chromatography methods 
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[23] and one high performance thin layer chromatography method [24] for determining ritonavir 
in pharmaceutical formulations were published in the literature. 
 However, some of these techniques were quite complex and had limitations such as sample 
preparation, gradient elution, and long run time. These procedures also require the use of 
expensive equipment, specialized reagents, and substantial volumes of organic solvents. 
 The aim of this study is to develop analytical methods that are simple, quick, inexpensive, and 
well-validated for the quantification of ritonavir in pharmaceutical formulations using LC 
chromatographic and UV spectrophotometric techniques. In addition, these methods to be 
developed will be less time-consuming and cheaper than other published methods.  The validation 
of the developed analytical methods was carried out according to the procedures described in ICH 
guidelines Q2(R1) for the validation of analytical methods [25, 26]. Furthermore, the applicability 
and reliability and of these methods have been assessed by concentrating on routine quality 
control analyses. The results obtained from analytical methods were compared statistically using 
the least-squares method. This is the first study to statistically compare two different analytical 
methods developed for the quantification of ritonavir in pharmaceutical preparations. 
 However, no studies on a comparative comparison of spectrophotometric and liquid 
chromatographic techniques for ritonavir quantification have been published. The purpose of this 
research is to develop analytical methods that are simple, quick, cheap, and well-validated for the 
quantification of ritonavir in pharmaceutical formulations using LC chromatographic and UV 
spectrophotometric techniques. In addition, these methods to be developed will be less time 
consuming and cheaper than other published methods. This is the first study to statistically 
compare two different analytical methods developed for the quantification of ritonavir in 
pharmaceutical preparations. 

EXPERIMENTAL 
 
Instruments 
 
An Agilent 1260 HPLC system consisting of Chemstation software, and UV-Vis detector was 
used during method development and validation in chromatographic analysis. Shimadzu UV-
1800 spectrophotometer consisting of UV-Probe software and a double beam using 1.0 cm quartz 
cells was used during spectrophotometric analysis.   
 
Chemicals  
 
Milli-Q water purification system (Millipore) was used to produce HPLC grade water. Pure 
ritonavir and Norvir (100 mg) were supplied from Abbvie Pharmaceuticals. (Istanbul, Turkey). 
All solvents used in the study were of HPLC grade and were obtained from Merck (Germany).  
 
Standard solutions  
 
An appropriate amount of ritonavir was dissolved in ethanol and a stock standard solution (500 
µg mL-1) was prepared. Six working standard solutions in the concentration range of 1060 µg 
mL-1 were prepared by serial dilutions of the stock standard solution with ethanol. These standard 
solutions were then filtered using 0.22 micron syringe filters. 
 
Sample solutions  
 
A total of 10 tablets were weighed and ground into fine powder by grinding in a mortar. The 
powder equivalent to 25 mg of ritonavir was weighed accurately, taken into a 50 mL of volumetric 
flask. 20 mL of ethanol was added to dissolve ritonavir, the volume was diluted to 50 mL with 
ethanol when dissolution was complete. Finally, ethanol was added up to the marked line, and 
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shaked homogenously for 15 min. This supernatant was filtered through membrane filter (0.22 
µm pore size). 1 mL of this solution was taken and transferred to a 10 mL of volumetric flask. 
The volume was made up with ethanol and a ritonavir solution (50 µg mL-1) was obtained. 
 
Table 1. Chemical properties of ritonavir. 
 

Molecular formula C37H48N6O5S2 
Molecular weight 720.9 g mol-1 

IUPAC name 1,3-Thiazol-5-ylmethyl N-[(2S,3S,5S)-3-hydroxy-5-[[(2S)-3-methyl-2-[[methyl-
[(2-propan-2-yl-1,3-thiazol-4-yl) methyl] carbamoyl] amino] butanoyl] amino]-

1,6-diphenylhexan-2-yl] carbamate 
log P 2.9 
pKa 3.8; 6.2 

Solubility It is soluble in methanol, ethanol, and isopropanol, but practically insoluble in 
water 

Chemical structure 

 
 
Determination of λmax 

 
Using ethanol, the spectrophotometer was first calibrated to zero. Standard ritonavir solution at a 
concentration of 30 µg mL-1 was scanned between 200 and 800 nm wavelengths in a 
spectrophotometer device to determine the wavelength at which it absorbed the maximum. 
 
Calibration curves 
 
The standard solutions (20 μL) were injected into the liquid chromatographic system. It was 
determined that the peak areas obtained with the concentrations of the standard solutions were 
proportional. A calibration curve was created by plotting the concentration against the peak area 
for the chromatographic method, Slope, intercept and corelation coefficient were calculated from 
this calibration curve. These standard solutions were scanned in the wavelength range of 200 - 
800 nm in a spectrophotometer and λmax was determined as 235 nm. The absorption values of each 
standard solution at a wavelength of 235 nm were determined. It was determined that the 
corresponding absorbance values were proportional to the concentrations of the standard 
solutions. A calibration curve has been developed by plotting the concentration against the 
absorbance for the spectrphotometric method, Slope, intercept and corelation coefficient were 
calculated from this calibration curve.  
 
Assay of ritonavir in tablets  
 
Three sample solutions prepared were injected into the HPLC system (20 µL). It was analyzed 
using the developed method, the peak areas were determined, and the ritonavir contents in the 
tablet were calculated. 
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Analysis method conditions  
 
An Agilent brand 1260 model HPLC apparatus with a UV-Vis detector was used for 
chromatographic analyses. The mobile phase was a 20 mM KH2PO4 solution (pH 3.0, with 
ortophosphoric acid) at a flow rate of 1.2 mL min-1. The mobile phase was filtered by passing 
through a 0.22 µm membrane filter and degassed in an ultrasonic bath before use. The column 
was ODS (4.6 mm x 250 mm, 3.0 µm particle size) and stored at 25 °C. Ritonavir detection was 
performed at 235 nm with a UV detector. The run time was 15 minutes under these conditions. 
All absorbance measurements were taken with a dual-beam spectrophotometer at 235 nm. 
 
Analytical method validation 
 
Analytical techniques were validated according to the procedures specified in the ICH guideline 
Q2(R1) [25,26]. All studies such as accuracy, linearity, sensitivity, precision, robustness, 
specificity, system suitability were investigated as validation parameters. Six working standard 
solutions (10 - 60 g mL-1) were prepared by serial dilutions of the stock solution with ethanol. 
These standard solutions were then filtered using 0.22 micron syringe filters. Then, 20 µl of each 
standard solution was injected into the liquid chromatographic system three times for validation 
of the chromatographic method. Ritonavir's peak areas and retention times were determined and 
recorded. The calibration curve was created by graphing the peak area against the concentration, 
and its linearity was assessed using regression analysis. The correlation coefficient, slope, and 
intercept were all calculated. Each analysis was carried out in triplicate. The absorbances of 
standard solutions at a wavelength of 235 nm were measured on a spectrophotometer. Analyzes 
were performed in triplicate.  
 The standard addition method was used to determine the methods's accuracy. A known 
amount of standard was added to the previously tested sample solution at three different levels 
(80, 100, and 120 %). The developed methods were used to examine all of the samples. The RSD 
and recovery for each concentration were determined. Absorbance values was measured directly 
for UV spectrophotometric technique by comparing the estimated and observed concentrations, 
the recovery percent was computed.  
 The precision of the analytical methods was evaluated by intra-day repeatability and inter-day 
repeatability.  Standard solutions at the concentrations of 40, 50, and 60 µg mL-1 were examined 
three times in the same day in intraday precision studies and standard solutions of the same 
concentration were evaluated three times on three consecutive days for inter-day precision 
experiments. The results of precision studies were presented as a percentage of RSD. 
 The sensitivity of analytical techniques was evaluated using the limits of detection (LOD) and 
the limits of quantitation (LOQ). To calculate the LOD and LOQ from the calibration curve, we 
utilized the following formulas. 

LOD = 3.3 x σ S-1                       LOQ = 10 x σ S-1 

where, σ indicates the standard deviation of the calibration curve's intercept and S indicates the 
calibration curve's slope. 
 Peak purity was determined by comparing the chromatograms at the peak's beginning, 
pinnacle, and end for specificity in the HPLC method. 

The analytical techniques' robustness was evaluated by looking at the effects of tiny but 
purposeful of parameter modifications on results. The same sample was examined under varied 
circumstances, such as variations in flow rate of the mobile phase (0.1 mL min-1) and detector 
wavelengths (2 nm), to test the robustness of the chromatographic method, and the influence has 
been detected on the system suitability characteristics. Standard solution (30 µg mL-1) was 
injected six times for system suitability testing. The peak area, theoretical plate number, tailing 
factor, capacity factor, and asymmetry factor were all determined. 
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The standard solution was kept at room temperature for up to two days and refrigerated (4 oC) 
for up to five days for stability experiments. The developed methods were then used to analyze 
these solutions. 
 
Comparative analysis 
 
Analytical techniques were found to be adequate for determining the quantity of ritonavir in 
pharmaceutical formulations after validation. Statistically, the recovery percentages of analytical 
techniques used on commercial medications were compared. For comparison, the F- and t-tests 
were utilized. 

RESULTS AND DISCUSSION 
 

The validation of analytical methods was carried out in accordance with the methods outlined in 
the ICH guidelines. 

 

 

Figure 1. Overlapping chromatograms of standard solutions for liquid chromatographic method. 
 

HPLC method  
 
Using the peak shape and analysis time, the chemical composition of the mobile phase and flow 
rate were determined. Many mobile phases were tried. Finally, it was established that 20 mM 
KH2PO4 (pH: 3) was the optimal mobile phase for short run duration and symmetrical peak point. 
Figure 1 depicts the overlap chromatograms of the standard solutions, whereas Figure 2 depicts 
the chromatographic method's linearity plot. Ritonavir had a retention time of 10.00 min. The 
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developed methods have been validated following ICH guidelines for accuracy, linearity, 
precision, specificity, system suitability, robustness, and sensitivity (LOD and LOQ). Since the 
peak purity index of ritonavir was determined as 0.9998, the method was determined to be 
specific. According to linear regression analysis, peak area and analyte concentration show a very 
good correlation 
 

 

Figure 2. Linearity graph for liquid chromatographic method. 
 

The calibration curve had a correlation coefficient (r2) of 0.9998±0.0006 and was linear over 
the concentration range of 10 to 60 μg mL-1. Linear regression equation was y = 5.0509x1.3133. 
The detection and quantification limits were determined as 0.90 µg mL-1 and 2.70 µg mL-1, 
respectively, and these values indicated the sensitivity of the method. 

The results and statistical evaluations presented in Table 1 show the high accuracy and 
precision of the method. Low relative standard deviation (RSD) values were obtained from the 
recovery experiments and showed good accuracy. The RSD for intraday and interday repeatability 
studies as recommended in ICH guidelines. Values were determined as < 2. The RSD values for 
intraday repeatability and interday repeatability ranged from 0.0940 to 0.1515 and 0.1840 to 
0.2615, respectively. This showed that the developed liquid chromatographic method is precise. 
Regression and validation parameters for analytical methods are presented in Table 2. 
 
Table 2. The parameters for validation and regression (n = 6). 
 

Parameters (validation and regression) Liquid chromatographic 
technique 

UV-Vis spectrophotometric 
technique 

Range of concentrations (µg mL-1) 1060 1060 
Detection and quantification limits (µg mL-1) 0.90/2.70 1.0/3.0 
Slope/standard error of slope 0.0509±0.0006/0.5638 0.0121±0.0005/0.0015 
Intercept/standard error of intercept 0.3133±0.0042/0.5430 0.0073±0.0004/0.0015 
Correlation coefficient 0.9999±0.0006 0.9995±0.0009 
Standard deviation (residuals) 0.37 1.27 
Recovery (%) 100.06±0.37 100.22±0.21 

Precision  
Intra-day (RSD) 0.10210.1638 0.22130.3623 
Inter-day (RSD) 0.19350.22724 0.26340.4624  

 
Minor modifications made intentionally in the experimental conditions did not make a 

statistically significant difference on the system suitability parameters. RSD values for each 
method parameter were calculated and determined to be < 2.  
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 System suitability tests demonstrated the suitability of the proposed liquid chromatographic 
method for routine quality control analysis. The capacity factor was determined as 9.85. The 
tailing factor was set at 1.155, which indicates strong peak symmetry. The theoretical plate 
number was determined as 6542, this value indicates high level of column efficiency. The results 
of the system suitability tests show that the devised technique fits these requirements within 
acceptable limits. Standard solutions are stable at room temperature, according to solution 
stability studies. 
 

UV-Vis spectrophotometric method  
 

The spectrophotometric technique was validated in accordance with ICH standards. Standard 
solutions were scanned in the spectrophotometer in the wavelength range of 200800 nm. It was 
observed that ritonavir had maximum absorption at 260 nm wavelength. The overlapping 
spectrum of the standard solutions is presented in Figure 3. A graph of absorbance values against 
concentration values of standard solutions was created. The linearity graph of the standard 
solutions is presented in Figure 4.  Standard solutions demonstrated linear relationship in the range 
of 10 to 60 µg mL-1. Correlation coefficient (r2) was 0.9995±0.0009. The regression equation was 
found to be y = 0.0122x–0.0043. In the recovery studies, the standard addition technique was used 
for the three concentrations and acceptable RSD, ranging from 99.20% to 100.98%. Detection 
and quantification limits were determined as 1.00 µg mL-1 and 3.00 µg mL-1, respectively.  
 

 
Figure 3. Overlap spectrums for UV-Vis spectrophotometric method. 

 

 

Figure 4. Linearity graphs for spectrophotometric method. 
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 The spectrophotometric approach devised allowed for the quick measurement of ritonavir in 
pharmaceutical formulations. Ethanol was chosen as the solvent due to its excellent solubility and 
stability. This solvent also has good spectrum characteristics. Low RSD results imply that the 
procedure is precise. It was observed that the method was highly accurate and the average 
recovery values approached 100%. In addition, the small values of LOD and LOQ show that the 
method is quite sensitive. 
 
Analysis of pharmaceutical formulations by analytical methods developed 
 
Analytical methodologies established were used to commercial pharmaceutical formulations. 
Table 3 shows the findings of the examination of ritonavir-containing pills. The study yielded 
values that were extremely close to the levels stated on the labels. 
 
Table 3. Analysis results of pharmaceutical formulations. 
 

Commercial 
formulation 

Label claim 
(mg/tablet) 

Spectrophotometric technique Chromatographic technique 

Found 
(mg in tablet) 

Assay % 
±  SD 

Found 
Ritonavir 

(mg in tablet) 

Assay % 
±  SD 

Norvir 100 99.97 99.97±1.27 100.04 100.04±0.33 

 
Statistical analysis 
 
The F-test and the t-test were used to compare analytical methods statistically. The statistical tests 
revealed that the experimental data obtained from the analytical methods were not statistically 
different. It was determined that the calculated F and t values were lower than the table values of 
the analytical methods with a 95% confidence interval. The analytical methods presented in this 
study proved to be amenable to the accurate measurement of ritonavir in pharmaceutical 
formulations. Table 4 displays data on the statistical comparison outcomes of analytical 
methodologies.  

In this investigation, two independent analytical techniques were devised to determine the 
amount of ritonavir in pharmaceuticals: chromatographic and spectrophotometric methods. The 
conditions of the developed analytical methods have been optimized and validated. Several 
analytical methods have been reported in the literature to determine the amount of ritonavir in 
pharmaceutical products. 
 
Table 4. Statistical comparison results of analytical methods. 
  

Statistical parameter, Α = 0.05, 
Confidence interval: 95%, n = 6 

Liquid 
chromatographic 

method 

UV-Vis 
spectrophotometric 

method 
Average Assay 100.04 99.97 

SD 0.33 1.27 
RSD 0.33 1.27 

Standard error 0.5638 0.0038 
F-test: Fcalculation/Ftable 0.17/0.23 
t-test: tcalculation/ttable 1.92/2.71 

 
 Some of these techniques are quite complex, requiring long analysis times, expensive 
apparatus, special reagents, and large amounts of organic solvents. In addition, the 
spectrofluorimetric and spectrophotometric methods that have been published in the literature 
require complex and time-consuming sample preparation. No research has yet been conducted in 
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which two different analytical methods are created and compared statistically in any of these 
studies. Therefore, our study is the first study in this direction. The characteristics of the 
previously reported HPLC methods and the proposed method are presented in Table 5. 
 
Table 5. Characteristics of previously reported HPLC methods and the proposed method. 

 

CONCLUSION 
 
Chemicals that are detrimental to the environment and human health are avoided as much as 
feasible in the spectrophotometric and chromatographic procedures described in this study. The 
gadgets employed in the new procedures are no more expensive than those used in published 
investigations. Both analytical approaches are cost-effective. The results show that these methods 
are appropriate for estimating the quantity of ritonavir in pharmaceutical formulations. The 
devised spectrophotometric approach has no complicated processes. It is less expensive and 
requires less time. These are the benefits of the spectrophotometric method we created above the 
chromatographic approach we just devised. When statistically contrasted, the chromatographic 
approach is more accurate and exact than the spectrophotometric method. Excipients in 
pharmaceutical formulations had no effect on the results of either technique of analysis. Finally, 
because the proposed procedures are simple, specific, quick, accurate, and precise, they may be 
successfully used for ritonavir measurement in pharmaceutical formulations. 
 

 

Mobile phase Column Concentration 
range  

(μm L-1) 

Correlation 
coefficient 

(R2) 

Precision 
(RSD) 

LOD/LO
Q in mg 

mL-1 

Retention 
time 
(min) 

Application Ref 
 

A mobile phase 
consisting of 
methanol and 

water 
(67:33, v /v) 

A reversed-
phase 

C8 (125 × 
4.0 mm i.d., 

5 μm 
particle size) 

100–300 0.9990 Intraday: 
0.64 

Interday: 
0.86 

0.64 
 

0.95 

7.80 Bulk and 
pharmaceu-

tical 
formulations 

[16] 

The mobile 
phases consisted 
of acetonitrile, 

phosphate buffer 
pH 4.0 and 

water: 
A (35:28:37 
v/v/v) and 
B (70:28:2 

v/v/v) 

A Hypersil 
BDS C18 

column (25 
cm × 4.6 

mm. 5 µm) 

0.05–125 

 

 

0.9990 Intraday: 
1.93 

Interday: 
2.96 

0.394 
 

1.194 

21.00 Bulk and 
pharmaceuti
cal dosage 

forms 

[17] 

A mixture of 
acetonitrile and 
water (41:59, 

v/v) 

Xterra C8 
(150 x 3.9 
mm, 5 µm) 

column 

0.187–10.0 
 

0.9989 Intraday: 
12.50 

Interday: 
16.50 

0.10 
 

0.19 

14.07 Human 
plasma 

[18] 

A mobile phase 
consisted of 20 
mM KH2PO4 

(pH: 3.0) and 
acetonitrile 
(45:55, v/v) 

ODS C18 
(250 mm - 
4.6 mm, 

particle size 
5 µm) 

10–60 
 

0.9998 Intraday: 
0.10 

Interday: 
0.19 

0.90 
 

2.70 

10.00 Bulk and 
pharmaceuti
cal dosage 

forms 

Proposed 
method 
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