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Abstract 

Background/Objectives: Dolutegravir is an integrase strand transfer inhibitor widely used in HIV 
therapy due to its high resistance barrier and favourable safety profile. As pharmacopoeial coverage 
continues to evolve and local formulation efforts increase, reliable analytical methods are required to 
ensure drug quality, safety, and efficacy. This study aimed to develop and validate two simple, 
sensitive, and cost-effective high-performance liquid chromatography with UV detection (HPLC-UV) 
methods for quantifying dolutegravir in bulk form and human plasma. Methods: Reverse-phase 
HPLC methods were developed and validated according to ICH Q2(R2) guidelines. 
Hydrochlorothiazide and carbamazepine were used as internal standards for bulk and plasma 
analysis, respectively. Chromatographic separation was achieved on C18 columns. Key validation 
parameters included linearity, accuracy, precision, limit of detection (LOD), limit of quantitation 
(LOQ), robustness, and system suitability. Plasma samples were prepared using liquid–liquid 
extraction with diethyl ether. Results: The bulk method showed excellent linearity over 0.5–100 
µg/mL with an R2 of 0.9997, while the plasma method was linear over 0.8–10 µg/mL with an R2 of 
0.9956. Accuracy ranged from 95.2% to 104.4% for bulk and showed acceptable recoveries for plasma 
samples. Precision was satisfactory with %RSD values below 6% across all methods. LOD and LOQ 
were 0.42 µg/mL and 1.26 µg/mL for bulk analysis, and 0.55 µg/ml and 1.68 µg/ml, for plasma 
analysis respectively. Robustness and system suitability tests confirmed method reliability. 
Conclusions: The developed HPLC-UV methods are simple, reproducible, and suitable for routine 
quality control of dolutegravir in pharmaceutical formulations and for its quantification in human 
plasma for pharmacokinetic applications. 

Keywords: dolutegravir; high-performance liquid chromatography; method development; method 
validation; antiretroviral drugs 
 

1. Introduction 

The treatment of HIV has witnessed significant advancements over the years, particularly with 
the introduction of novel antiretroviral therapies [1–4]. One such breakthrough in HIV management 
is dolutegravir (DTG), an integrase strand transfer inhibitor (INSTI), which has gained widespread 
recognition for its efficacy in both treatment-naïve and treatment-experienced individuals [5–8]. 
Dolutegravir’s mechanism of action involves the inhibition of the integrase enzyme, crucial for the 
integration of HIV-1 genetic material into the host DNA, thus preventing viral replication [9,10]. Its 
introduction has contributed significantly to the improvement of treatment regimens, especially in 
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resource-limited settings, such as Nigeria, where it was incorporated into the National Guidelines for 
HIV Prevention, Treatment, and Care in 2016 [11]. 

Before the adoption of dolutegravir, the standard first-line treatment for HIV in Nigeria involved 
a combination of tenofovir, lamivudine, and efavirenz (TDF + 3TC/FTC + EFV) [12]. However, the 
inclusion of dolutegravir into alternative regimens has provided a more robust and effective option, 
potentially improving long-term viral suppression and patient outcomes [13,14]. Although 
dolutegravir is now well established in clinical practice in Nigeria, the growing interest in its local 
production and the evolving nature of its representation in major pharmacopoeias underscore the 
need for reliable analytical methods to ensure its quality, appropriate formulation, and effective use 
in both pharmaceutical and clinical settings. 

Analytical methods are essential for the accurate determination of drug content, quality control, 
and ensuring therapeutic efficacy [15–17]. High-performance liquid chromatography (HPLC) has 
proven to be one of the most reliable and widely used methods for analysing antiretroviral drugs, 
including dolutegravir [18,19]. Other techniques, such as UV spectrophotometry, high-performance 
thin layer chromatography, and liquid chromatography-mass spectrometry, have also been 
employed for its analysis [20–25]. 

Chromatography, particularly HPLC, is a fundamental separation technique used in analytical 
chemistry for separating, identifying, and quantifying compounds within a mixture [26–28]. It 
operates on the principle of differential interactions between sample components and the stationary 
phase, allowing for the effective separation of complex mixtures. The versatility of HPLC makes it a 
preferred method in pharmaceutical analysis due to its precision, sensitivity, and applicability to a 
wide range of compounds. It has proven to be an indispensable tool in pharmaceutical analysis. The 
reverse-phase HPLC method, where a non-polar stationary phase interacts with a polar mobile phase, 
is particularly effective for pharmaceutical analyses [29], including dolutegravir quantification. 

In addition to pharmaceutical quality control, the quantification of dolutegravir in biological 
matrices such as human plasma is essential for pharmacokinetic studies, therapeutic drug 
monitoring, and bioavailability assessments [19,30]. Accurate measurement of drug concentrations 
in plasma requires sensitive, selective, and reproducible analytical methods capable of handling 
complex biological matrices and potential interferences [30–35]. Sample preparation techniques, 
including liquid–liquid extraction, are often employed to isolate the analyte and improve method 
performance [36,37]. The use of suitable internal standards further enhances analytical reliability by 
correcting for variability in extraction efficiency and instrument response. 

Given the increasing role of dolutegravir in HIV treatment regimens, there is a need for robust, 
validated analytical methods to quantify its concentration in both pharmaceutical formulations and 
biological matrices. This study therefore aimed to develop and validate two separate HPLC UV 
methods: one for the quantification of dolutegravir in bulk form (using hydrochlorothiazide as 
internal standard) and another for dolutegravir in human plasma (using carbamazepine as internal 
standard and liquid-liquid extraction). Both methods were validated according to ICH Q2(R2) 
guidelines for linearity, accuracy, precision, limits of detection and quantitation, and, where 
applicable, robustness, system suitability, and ruggedness [38]. 

2. Results 

2.1. Determination of Dolutegravir in Bulk Form 

2.1.1. Linearity 

The observed results, along with the respective calibration curve, are presented in Table 1 and 
Figure 1. A typical chromatogram of dolutegravir (100 µg/mL) with hydrochlorothiazide (20 µg/mL) 
as the internal standard is shown in Figure 2, with an average retention time of 3.1 min for 
dolutegravir. 
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Table 1. Average peak areas for the respective calibration concentrations. 

Dolutegravir (DTG) Concentration (µg/ml) Mean peak area ± SD (mAU2) 
0.5 26.44 ± 1.00 
1 33.00 ± 0.70 
5 60.69 ± 0.57 
10 97.53 ± 4.03 
50 431.98 ± 0.99 
60 483.98 ± 5.15 

100 820.17 ± 12.20 
(n = 3 for each level). SD, standard deviation. 

 

Figure 1. Average peak area against dolutegravir concentrations. 
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Figure 2. Typical HPLC chromatogram showing hydrochlorothiazide (20 µg/mL, first peak) and dolutegravir 
(100 µg/mL, second peak). 

2.1.2. Accuracy 

Accuracy was evaluated based on the mean percentage recovery of dolutegravir at 
concentrations of 80, 100, and 120 µg/mL, each containing a constant HCT concentration of 20 µg/mL. 
Results obtained over 3 days are summarised in Table 2. 

Table 2. Mean percentage recovery of dolutegravir at different concentrations. 

Concentration (μg/mL) Mean %Recovery ± SD 
80 104.36 ± 1.03 
100 97.67 ± 5.65 
120 95.22 ± 5.31 

n = 3; results obtained over three days. SD, standard deviation. 

2.1.3. Precision 

Precision was assessed as intermediate precision at dolutegravir concentrations of 80, 100, and 
120 µg/mL. The measured concentrations obtained over 3 days, along with the calculated standard 
deviation (SD) and relative standard deviation (RSD) values, are presented in Table 3. 

Table 3. Intermediate precision for dolutegravir at different concentrations. 

Day 80 μg/mL 100 μg/mL 120 μg/mL 
1 82.74 91.21 107.03 
2 84.37 101.65 119.06 
3 83.35 100.15 116.70 
Mean 83.49 97.67 114.26 
SD 0.83 5.65 6.36 
RSD (%) 0.99 5.78 5.58 
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RSD, relative standard deviation; SD, standard deviation. 

2.1.4. Limit of Detection (LOD) 

The LOD was calculated using the formula: 

LOD = 3.3 × 
σ
S

 
where σ = 1.002378 µg/ml (standard deviation of triplicate determinations of DTG at 0.5 µg/ml), and 
S = 7.9529 (slope of the calibration curve). 

Substituting the values: 

LOD = 3.3 × 
1.002378
1.002378

 =  0.416 μg/ml 

2.1.5. Limit of Quantitation (LOQ) 

The LOQ was calculated using the formula: 

LOQ = 10 × 
σ
S 

With the parameters staying the same, we have: 
LOQ = 1.260 µg/ml. 

2.2. Determination of Dolutegravir in Human Plasma 

2.2.1. Chromatographic Conditions 

The optimised chromatographic conditions established for the method are presented in Table 4. 
Under these conditions, dolutegravir exhibited a well-defined peak with a retention time of 10.24 
min. A representative chromatogram obtained at a concentration of 10 µg/ml is shown in Figure 3. 

Table 4. Optimized chromatographic conditions for the analysis of dolutegravir in plasma. 

Parameter Description 
Equipment HPLC-UV, Agilent Technologies 
Mobile phase 0.02 M Sodium acetate pH 4.0: Acetonitrile (70:30 v/v) 
Column Arcus Ep C18, 250 x 4.6 mm, 5 µm 
Column temperature Ambient 
Flow rate 1.2 ml/min 
Wavelength 254 nm 
Injection volume 20 µL 
Retention time 10.24 min 

 
Figure 3. Representative chromatogram of dolutegravir at 10 µg/mL. 
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2.2.2. Linearity and Range 

The linearity of the method was assessed over the concentration range of 0.8–10 µg/ml. The 
calibration data, including peak area ratios and regression parameters, are presented in Table 5. The 
calibration curve (Figure 4) demonstrated good linearity with a coefficient of determination (R2) of 
0.9956. 

Table 5. Linearity results and calibration data for dolutegravir over the range of 0.8–10 µg/mL. 

Dolutegravir concentration (µg/ml)                      Response (mean peak area ratio) 
0.8 0.09 
1 0.11 
2 0.20 
4 0.32 
6 0.45 
8 0.59 
10 0.78 
Parameter Value 
Slope, b 0.0712 
Intercept, a 0.0393 
Coefficient of determination, R2 0.9956 
Linear equation y = 0.0712x + 0.0393 
Range 0.8–10 µg/ml 

n = 7. 

 

Figure 4. Calibration curve of dolutegravir over the concentration range of 0.8–10 µg/mL. 

2.2.3. Accuracy 

The accuracy of the method was evaluated at three concentration levels corresponding to 80%, 
100%, and 120%. The results, expressed as percentage recovery, are summarised in Table 6. 

y = 0.0712x + 0.0393
R² = 0.9956
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Table 6. Accuracy (recovery) results for dolutegravir at different concentration levels. 

Parameter 80% (8 µg/ml) 100% (10 µg/ml) 120% (12 µg/ml) 
Mean concentration 
found (µg/ml) 

7.64 10.43 13.34 

%Recovery 95.44 104.29 111.16 

2.2.4. Precision 

The method’s precision was evaluated at three concentration levels (Table 7), with detailed 
injection repeatability at the 100% test concentration presented in Table 8. 

Table 7. Repeatability (intra-day precision) results for dolutegravir at different concentration levels. 

Parameter 80% (8 µg/ml) 100% (10 µg/ml) 120% (12 µg/ml) 
Mean 
concentration 
found (µg/ml)  

7.64 10.43 13.34 

SD 0.10 0.13 0.06 
%RSD 1.36 1.29 0.44 

RSD, relative standard deviation; SD, standard deviation. 

Table 8. Precision (injection repeatability) results for dolutegravir at 100% test concentration. 

Injections Drug concentration (µg/ml) 
1 10.32 
2 10.57 
3 10.37 
4 10.23 
5 10.48 
6 10.60 
Mean 10.43 
SD 0.13 
%RSD 1.29 

RSD, relative standard deviation; SD, standard deviation. n = 6. 

2.2.5. Sensitivity (LOD and LOQ) 

The LOD and LOQ were calculated to be 0.55 µg/ml and 1.68 µg/ml, respectively, demonstrating 
the method’s ability to detect and quantify dolutegravir at low concentrations. 

2.2.6. Robustness 

Robustness was evaluated by introducing small deliberate variations in chromatographic 
parameters such as flow rate, mobile phase composition, pH, and wavelength. The results are 
summarised in Table 9. 

Table 9. Evaluation of the robustness of the chromatographic method for dolutegravir (Mean ± SD (%RSD)). 

Parameter Condition 
Retention time 
(min) 

Peak area 
Tailing 
factor 

Resolution 

Flow rate 0.8 mL/min 
7.36 ± 0.03 
(0.35%) 

421.27 ± 0.62 
(0.15%) 

1.07 ± 0.05 
(4.88%) 

0.89 ± 0.08 
(9.30%) 

 1.0 mL/min 
5.88 ± 0.01 
(0.10%) 

335.37 ± 0.28 
(0.08%) 

1.06 ± 0.08 
(7.44%) 

0.64 ± 0.02 
(2.45%) 

pH of mobile phase 3.5 
9.93 ± 0.02 
(0.16%) 

209.44 ± 4.40 
(2.10%) 

1.11 ± 0.02 
(1.52%) 

2.21 ± 0.13 
(5.85%) 
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 4.0 
10.56 ± 0.10 
(0.90%) 

229.93 ± 1.84 
(0.80%) 

1.06 ± 0.06 
(6.05%) 

3.30 ± 0.07 
(2.10%) 

Mobile phase composition 
(0.02 M Sodium acetate pH 
4.0: Acetonitrile) 

38:62 
9.33 ± 0.01 
(0.05%) 

42.40 ± 0.43 
(1.01%) 

1.08 ± 0.06 
(5.44%) 

2.35 ± 0.15 
(6.55%) 

 40:60 
9.97 ± 0.03 
(0.26%) 

51.34 ± 2.00 
(3.90%) 

1.17 ± 0.04 
(3.09%) 

3.03 ± 0.17 
(5.56%) 

Wavelength 248 nm 
9.83 ± 0.02 
(0.18%) 

175.32 ± 4.21 
(2.40%) 

1.16 ± 0.01 
(0.76%) 

3.03 ± 0.18 
(5.91%) 

 250 nm 
9.84 ± 0.02 
(0.18%) 

182.74 ± 4.12 
(2.26%) 

1.12 ± 0.07 
(5.80%) 

3.01 ± 0.19 
(6.27%) 

 254 nm 
9.84 ± 0.02 
(0.18%) 

193.12 ± 4.10 
(2.12%) 

1.12 ± 0.07 
(5.80%) 

3.01 ± 0.19 
(6.27%) 

 260 nm 
9.83 ± 0.02 
(0.18%) 

191.29 ± 4.36 
(2.28%) 

1.15 ± 0.04 
(3.04%) 

3.01 ± 0.19 
(6.25%) 

 265 nm 
9.84 ± 0.01 
(0.07%) 

163.27 ± 3.19 
(1.95%) 

1.12 ± 0.07 
(5.80%) 

3.01 ± 0.19 
(6.27%) 

 270 nm 
9.83 ± 0.02 
(0.18%) 

128.30 ± 3.01 
(2.34%) 

1.12 ± 0.07 
(5.80%) 

3.01 ± 0.19 
(6.27%) 

2.2.7. System Suitability 

System suitability parameters were assessed to ensure adequate performance of the 
chromatographic system. The results are presented in Table 10. 

Table 10. System suitability results for dolutegravir at 100% test concentration. 

Parameters Value 
Capacity factor (k′, drug) 2.72 
Capacity factor (k′, IS) 1.98 
Precision (%RSD, Drug/IS ratio) 1.83 
Resolution (Rs) 3.47 
Tailing Factor (T) 1.21 
Theoretical plate (N, Drug) 3400 
Theoretical plate (N, IS) 4260 

IS, internal standard; RSD, relative standard deviation. n = 6. 

3. Discussion 

3.1. Method Development and Relevance of Dolutegravir Analysis 

HPLC-UV methods were developed and validated for the analysis of dolutegravir in both bulk 
form and human plasma. The key objectives of this study, namely the development of robust 
analytical methods and their validation, were successfully achieved using reversed-phase HPLC 
approaches. Analytical methods are essential not only for pharmaceutical quality control but also for 
bioanalytical applications such as pharmacokinetic and bioavailability studies [30–35]. 

Dolutegravir was approved by the FDA in 2013 for the treatment of HIV/AIDS [39], and 
subsequently by regulatory authorities in Canada and the European Commission in 2014 [40]. In 
Nigeria, dolutegravir is included in national HIV treatment guidelines [11], further emphasising its 
clinical importance. Its increasing use, alongside interest in local production, underscores the need 
for validated analytical methods for both dosage forms and biological matrices. 

Dolutegravir is a highly effective antiretroviral agent with a molecular weight of 419.38 g/mol in 
its active form, and 441.36 g/mol as its sodium salt [41–43]. Its chemical structure, characterised by a 
pyrido-pyrazinone core, underpins its activity as an integrase inhibitor [9,44]. Given its clinical 
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relevance, reliable analytical methods must comply with regulatory expectations such as ICH Q2 (R2) 
guidelines to ensure accuracy, precision, and reproducibility in both pharmaceutical and clinical 
settings [38]. 

3.2. Method Development and Optimization 

The development of analytical methods involves careful selection and optimisation of 
chromatographic conditions to achieve adequate separation, sensitivity, and reproducibility [37,45]. 
In the present study, reversed-phase HPLC was employed due to its suitability for moderately polar 
compounds such as dolutegravir [46,47]. 

For the plasma method, several chromatographic parameters were optimised, including mobile 
phase composition, pH, flow rate, wavelength, and column selection. The use of a C18 column with 
a mobile phase consisting of methanol and sodium acetate buffer (pH 4.0) enabled efficient separation 
of dolutegravir and the internal standard, with good peak symmetry and resolution. 

The choice of wavelength (254 nm) was based on the optimal absorbance of dolutegravir, 
ensuring maximum detector response. Similarly, the selected flow rate (1.2 ml/min) provided a 
balance between resolution and analysis time. Liquid–liquid extraction using diethyl ether was 
employed for plasma sample preparation [48,49], yielding clean extracts with minimal interference, 
thereby enhancing method sensitivity and selectivity. 

3.3. Method Validation: Bulk Determination 

The linearity of the bulk method demonstrated excellent correlation, with an R2 value of 0.9997 
over the concentration range of 0.5–100 µg/mL. According to ICH Q2(R2), linearity reflects the ability 
of an analytical method to produce results proportional to analyte concentration [38]. These findings 
are consistent with previously reported methods, including plasma-based and bulk analyses [18,24]. 

Accuracy, defined as the closeness of agreement between the measured value and the true value 
[38], is an essential indicator of the trueness of an analytical procedure. In this study, accuracy, 
expressed as percentage recovery, ranged from 95.2% to 104.4%, indicating good agreement between 
measured and true values in line with ICH recommendations [38]. Comparable recoveries have been 
reported in similar studies [18]. 

Precision refers to the degree of repeatability under normal operating conditions and is typically 
expressed as the %RSD [38]. The %RSD values in this study ranged from 0.9% to 5.8%, confirming 
good repeatability and intermediate precision. These values compare favourably with previously 
reported plasma methods, which showed higher variability [22]. 

The LOD was calculated to be 0.42 µg/mL, indicating the lowest concentration of dolutegravir 
detectable by this method without quantification [38]. Similarly, the LOQ was calculated at 1.26 
µg/mL, representing the lowest concentration at which dolutegravir can be quantified with accuracy 
and precision [38]. These values are lower than those reported in a previous study, where the LOD 
and LOQ were found to be 1.91 µg/mL and 5.17 µg/mL, respectively [18], indicating improved 
sensitivity of the developed method. 

Additionally, the average retention time for dolutegravir was 3.1 min in this study, which is 
faster than those reported in some other studies. For example, an HPLC-UV method reported a 
retention time of 4.8 min [22]. Another ultra-performance liquid chromatography method coupled 
with UV detection yielded a retention time of 4.56 min [50]. The faster retention time observed here 
underscores the efficiency of the developed method. 

3.4. Method Validation: Plasma Determination 

The plasma method also demonstrated satisfactory validation characteristics in accordance with 
ICH guidelines. The optimised chromatographic conditions provided good separation, with 
dolutegravir exhibiting a retention time of approximately 10.24 min and well-resolved peaks. 
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Linearity was achieved over the concentration range of 0.8–10 µg/mL, with a coefficient of 
determination (R2) of 0.9956, indicating a strong linear relationship between concentration and 
detector response. The calibration curve demonstrated minimal variability, confirming the reliability 
of the method. 

Accuracy results showed acceptable percentage recoveries across the tested concentration levels 
(80–120%), indicating that the method is capable of producing results close to true values. Precision, 
assessed at multiple concentration levels, yielded %RSD values below 5.5%, demonstrating good 
repeatability and reproducibility. 

The sensitivity of the plasma method, expressed in terms of LOD and LOQ, confirmed its ability 
to detect dolutegravir at low concentrations. However, the slightly higher LOD and LOQ values 
observed in plasma (0.55 µg/mL and 1.68 µg/mL) compared to the bulk method (0.416 µg/mL and 
1.260 µg/mL) indicate reduced sensitivity, likely due to matrix effects inherent in biological samples 
[51–53]. 

Robustness testing demonstrated that small deliberate variations in chromatographic 
conditions, including pH, mobile phase composition, and detection wavelength, did not significantly 
affect method performance, as system suitability parameters remained within acceptable limits. 
However, variation in flow rate resulted in a noticeable decrease in resolution, indicating that this 
parameter should be carefully controlled to maintain adequate separation. The selection of 254 nm 
as the detection wavelength was justified by its provision of the highest peak response, indicating 
enhanced sensitivity, while maintaining acceptable precision, peak symmetry, and resolution. 
System suitability parameters confirmed the reliability and adequacy of the chromatographic system, 
as evidenced by appropriate retention factors, excellent resolution between analyte and internal 
standard, acceptable peak symmetry, high column efficiency, and low injection repeatability (%RSD 
< 2%). 

The use of liquid–liquid extraction provided clean samples with minimal interference, 
enhancing the selectivity of the method. This makes the method suitable for pharmacokinetic, 
bioavailability, and bioequivalence studies. 

3.5. Comparative Evaluation of Bulk and Plasma Methods 

Both methods demonstrated acceptable validation characteristics; however, notable differences 
were observed due to the nature of the sample matrices [51–53]. The bulk method exhibited slightly 
higher sensitivity and shorter retention time, reflecting the absence of matrix interference and simpler 
sample preparation. 

In contrast, the plasma method required additional sample preparation steps, including 
extraction and the use of an internal standard, to mitigate matrix effects [53,54]. Despite these 
complexities, the method showed satisfactory performance, confirming its suitability for 
bioanalytical applications. 

Together, these methods provide complementary analytical tools for the quantification of 
dolutegravir in pharmaceutical formulations and biological systems, supporting both quality control 
and clinical studies. 

3.6. Limitations of the Study 

This study had some limitations that could affect the generalizability and applicability of the 
findings. For the bulk method, stability studies, robustness testing, and evaluation of interference 
from excipients or degradation products were not performed. For the plasma method, sample 
stability issues were observed, with gradual degradation occurring over 24 h, particularly at room 
temperature. This necessitates the use of freshly prepared samples for accurate analysis, which may 
increase analytical workload. 

Future studies should focus on stability-indicating method development, ruggedness 
evaluation, and assessment across multiple instruments and laboratories to enhance method 
applicability. 
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3.7. Conclusion 

In conclusion, reliable and validated HPLC-UV methods were successfully developed for the 
quantification of dolutegravir in both bulk form and human plasma. The methods demonstrated 
acceptable linearity, accuracy, precision, and sensitivity in accordance with ICH guidelines. 

The bulk method is suitable for routine quality control of pharmaceutical formulations, while 
the plasma method is applicable to pharmacokinetic and bioanalytical studies. Together, these 
methods provide a comprehensive analytical framework for the evaluation of dolutegravir in both 
pharmaceutical and clinical settings. 

4. Materials and Methods 

4.1. Determination of Dolutegravir in Bulk Form 

4.1.1. Materials and Reagents 

These included dolutegravir secondary reference standard, Hydrochlorothiazide secondary 
reference standard (internal standard), purified water (Milli-Q/Direct 8 system; Millipore), methanol 
(HPLC grade; Merck, Germany), glacial acetic acid, and sodium acetate (BDH Chemicals, Poole, 
England). 

4.1.2. Instrumentation 

Chromatographic separations were performed using an Agilent 1260 Infinity quaternary liquid 
chromatographic system, which included a quaternary pump, an autosampler, a thermostated 
column compartment, and a diode array detector. Data acquisition and analysis were carried out 
using the ChemStation software. The weighing of reagents was done with a Mettler Toledo balance 
(ME 204), and sonication was achieved using an MRC Ultrasonic Cleaner (SN: 2013-190). 

4.1.3. Chromatographic Conditions 

The chromatographic separations were conducted on a Hypersil BDS C8 column (5 µm particle 
size, 250 mm × 4 mm). The mobile phase comprised 20 mM sodium acetate buffer (pH 2.20 ± 0.05) 
and methanol in a 35:65 ratio. The pH of the buffer was adjusted with glacial acetic acid, and the 
buffer was filtered through a 0.45 µm membrane filter. The mobile phase was pumped isocratically 
at a flow rate of 1.0 ml/min, with a total run time of 10 min. A 20 µl injection volume was used at 
ambient temperature, and detection was carried out using a diode array detector at a wavelength of 
254 nm. 

4.1.4. Preparation of Standard Stock Solutions 

Two stock solutions of dolutegravir were prepared in methanol. The first stock solution had a 
concentration of 2 mg/ml, made by dissolving 8 mg of dolutegravir powder in 4 ml of methanol. The 
second stock solution, at 100 µg/ml, was prepared by diluting 200 µl of the 2 mg/ml solution with 4 
ml of methanol. A stock solution of hydrochlorothiazide (internal standard) was also prepared in 
methanol at a concentration of 100 µg/ml by dissolving 400 µg of hydrochlorothiazide in 4 ml of 
methanol. All stock solutions were stored in the refrigerator. 

4.1.5. Preparation of Calibration Concentrations 

Calibration concentrations of dolutegravir were prepared by diluting the 100 µg/ml and 2 mg/ml 
stock solutions with a 70:30 water:methanol mixture. The calibration concentrations prepared were 
0.5, 1, 5, 10, 60, and 100 µg/ml. For each calibration concentration, a fixed volume of 200 µl of 
hydrochlorothiazide stock solution (20 µg/ml) was added to ensure a consistent internal standard 
concentration. The final volume of each solution was adjusted to 1 ml with the diluent. 
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4.1.6. Method Validation 

Linearity 

Linearity was assessed by preparing calibration concentrations of dolutegravir ranging from 0.5 
to 100 µg/ml. Calibration curves were generated by plotting the average peak areas against the 
corresponding concentrations. The calibration procedure involved injecting 20 µl of each calibration 
concentration in triplicate, and the resulting data were used to construct a regression line. Correlation 
coefficient (R2), slope, intercept, and residuals were evaluated as recommended by ICH Q2(R2) 
guidelines [38]. 

Accuracy 

The accuracy of the method was determined by analysing dolutegravir concentrations of 80, 100, 
and 120 µg/ml. In each case, 2 ml of hydrochlorothiazide stock solution was added to achieve a final 
concentration of 20 µg/ml in a 10 ml final volume. The amounts of dolutegravir and 
hydrochlorothiazide were determined by applying the peak areas to the regression equation from 
the calibration curve. The recovery of dolutegravir was calculated over 3 days of testing at each 
concentration, with three independently prepared replicates per level, in accordance with ICH 
Q2(R2) recommendations [38]. 

Precision 

Precision was evaluated over 3 days using the same concentrations applied in the accuracy 
study. Six determinations were performed each day, in the morning and afternoon. The SD and RSD 
of the results were calculated to assess the method's precision, covering both repeatability (within-
day) and intermediate precision (between-day) as defined by ICH Q2(R2) guidelines [38]. 

LOD 

The LOD was calculated using the formula: 

LOD = 3.3 ×  
σ
S

 

where σ represents the standard deviation of the lowest concentration from the calibration curve, and 
S is the slope of the curve. 

LOQ 

The LOQ was calculated using the formula: 

LOQ = 10 ×  
σ
S

 

where σ and S are defined as above. 

4.2. Determination of Dolutegravir in Human Plasma 

4.2.1. Equipment and Materials 

Equipment 

Instrumentation included an HPLC system (Agilent Technologies, USA) equipped with a 
UV/VIS detector and data acquisition software, as well as a pH meter, analytical balance (Mettler 
Toledo PL 203), fume cupboard, suction pump (Rocker 300, Taiwan), sonicator, vortex mixer, 
centrifuge, and heating mantle. 

Materials 

Chromatographic separations were achieved on a C18 reversed-phase Arcus Ep column (5 µm 
particle size, 250 × 4.6 mm). Additional materials included micropipettes (5–50 µL), 0.45 µm 
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membrane filters, volumetric flasks, polypropylene tubes, test tubes, syringes, syringe filters, and 
other standard laboratory glassware. 

Chemicals and Reagents 

Dolutegravir reference standard and carbamazepine (internal standard) were used. The reagents 
included HPLC-grade methanol, acetonitrile, acetone, anhydrous sodium acetate, and distilled water. 

4.2.2. Method Development and Chromatographic Conditions 

Preparation of Standard Solutions 

A stock solution of dolutegravir (1 mg/ml) was prepared in methanol. Working solutions (1, 10, 
and 100 µg/ml) were prepared by serial dilution. Moreover, a working internal standard solution of 
carbamazepine (10 µg/ml) was prepared from a 100 µg/ml stock solution. A fixed volume (50 µL) 
was added to each sample. 

Preparation of Buffer and Mobile Phase 

A 0.02 M sodium acetate buffer (pH 4.0) was prepared, adjusted with orthophosphoric acid, and 
filtered. The mobile phase comprised methanol and sodium acetate buffer (70:30, v/v). 

Chromatographic Conditions 

Chromatography was performed using a C18 reversed-phase column (250 × 4.6 mm, 5 µm) at 
ambient temperature. The mobile phase (70:30 methanol:buffer) was pumped at a flow rate of 1.2 
ml/min with an injection volume of 20 µl. Detection was carried out using a diode array detector, and 
the optimal wavelength for dolutegravir analysis was selected from scanned wavelengths (248–270 
nm). 

4.2.3. Preparation of Calibration Standards 

Calibration standards were prepared from working solutions of dolutegravir to yield 
concentrations of 0.8, 1, 2, 4, 6, 8, and 10 µg/ml. Calibration curves were constructed by plotting peak 
area against concentration. 

4.2.4. Preparation of Plasma Samples 

Liquid–liquid extraction was employed for sample preparation. Aliquots (400 µL) of spiked 
plasma samples were transferred into polypropylene tubes, followed by the addition of 50 µL of 
internal standard solution. After vortex mixing, 1.0 ml of diethyl ether was added, and the samples 
were centrifuged at 6000 rpm for 30 min. 

The samples were flash-frozen, and the organic layer was separated, evaporated to dryness at 
40°C, and reconstituted in the mobile phase. The reconstituted samples were filtered and injected (20 
µL) into the HPLC system. The autosampler temperature was maintained at 4°C. 

4.2.5. Method Validation 

Linearity and Range 

Linearity was assessed over the concentration range of 0.8–10 µg/ml. Calibration curves were 
constructed from triplicate injections, and regression parameters were evaluated. 

Accuracy 

Accuracy was evaluated at 80%, 100%, and 120% concentration levels (8, 10, and 12 µg/ml) and 
expressed as percentage recovery. 
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Precision 

Precision (intra-day) was assessed at three concentration levels using replicate analyses, and 
results were expressed as %RSD. Injection repeatability was also assessed using the 100% 
concentration level. 

LOD and LOQ 

LOD and LOQ were determined based on the standard deviation of the response and the slope 
of the calibration curve using standard equations. 

Robustness 

Robustness was evaluated by introducing small variations in flow rate, mobile phase 
composition, pH, and detection wavelength, and assessing their effects on chromatographic 
performance. 

System Suitability 

System suitability was determined using replicate injections, evaluating parameters such as 
retention time, resolution, tailing factor, and theoretical plate count. 
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The following abbreviations are used in this manuscript: 

3TC Lamivudine 
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FTC Emtricitabine 
HPLC High-performance liquid chromatography 
INSTI Integrase strand transfer inhibitor 
LOD Limit of detection 
LOQ Limit of quantitation 
RSD Relative standard deviation 
SD Standard deviation 
TDF Tenofovir 
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