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Introduction: Therapeutic drug monitoring can be used to evaluate the efficacy of HIV treatment and identify non-adherence. This 

study explored the possibility of an easy-to-use and non-invasive assay for monitoring antiretroviral drugs in saliva. Theoretical 

salivary concentrations from previous studies were 0.4 – 25.8 ng/ml for tenofovir, 15 – 718 ng/ml for lamivudine, and 3.125 – 100 

ng/ml for efavirenz.  

Methods: A mobile microvolume UV/visible light spectrophotometer operating at wavelengths of 200 – 900 nm was used. Drug-

free saliva samples were obtained from six healthy volunteers and were spiked with antiretroviral drug.  

Results: Calibration curves were made over a range of 2,500 – 50,000 ng/ml for tenofovir in ultrapure water (R2 = 0.9994) at 261 

nm, 200 – 800 ng/ml for lamivudine in saliva (R2 = 0.7091) at 271 nm, and 1,500 – 4,000 ng/ml for efavirenz in saliva (R2 = 0.9152) 

at 247 nm. The lowest limit of quantification (LLOQ) was determined to be 2,500 ng/ml for tenofovir, 200 ng/ml for lamivudine, 

and 2,000 ng/ml for efavirenz. The total absorbance of lamivudine and efavirenz in saliva exceeded the linear range for analysis.  

Conclusions: The proposed spectrophotometer assay was not able to quantify tenofovir, lamivudine, and efavirenz in saliva. 

Further research with improved methods, different matrices or devices could be explored. 
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INTRODUCTION 

The advent of antiretroviral therapy (ART) for the treatment of human immunodeficiency virus (HIV) infection has 

increased survival and improved clinical outcomes, turning the infection into a manageable chronic disease [1,2]. The 

World Health Organization (WHO) recommends initial ART regimens, which consist of a combination of two 
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nucleoside/nucleotide reverse transcriptase inhibitors and an integrase strand transfer inhibitor or a non-nucleoside 

reverse transcriptase inhibitor [3,4]. Tenofovir, lamivudine, and efavirenz are among the preferred first-line ART 

regimens to suppress HIV replication for adults and adolescents and these drugs are available as a fixed-dose 

combination in a single tablet regimen [3]. 

Optimal antiretroviral drug concentrations are an important factor for successful HIV viral suppression [2,5]. 

High plasma concentrations are associated with treatment efficacy, but increase the risk of toxicities [5]. In contrast, 

insufficient or undetectable drug concentrations due to low adherence to ART can lead to treatment failure and 

emergence of drug resistance [6,7]. Therefore, poor ART adherence can be suspected when a patient experiences a 

high detectable HIV viral load without any apparent reason. In practice, viral load is checked every 6 – 12 months, 

and thus treatment failure due to ART adherence problems is likely to be discovered late. This puts the patient at a 

high risk for developing severe infection and drug resistance.  

Therapeutic drug monitoring (TDM) in HIV has been recommended for monitoring and evaluating treatment 

efficacy and short-term adherence to ART [2,8]. TDM can uncover current adherence problems, allowing for the 

identification of patients in need of adherence-enhancing interventions [8]. However, despite its importance, 

implementation of TDM in HIV endemic settings has logistic and financial challenges. Plasma has been used 

intensively for TDM, but venous blood sampling is invasive and can therefore be an inconvenience for patients [9]. 

Furthermore, liquid chromatography tandem mass spectrometry (LC-MS/MS), which has become the method-of-

choice for the bioanalysis of antiretroviral drugs [10], requires costly laboratory procedures which hinder its 

application, particularly in resource-limited settings. Therefore, an easy-to-use, scalable, and affordable assay with a 

preferably non-invasive matrix to monitor ART treatment would be highly desirable. 

Recently, saliva-based monitoring of antituberculosis drugs (levofloxacin and linezolid) has been developed 

and validated successfully using a mobile microvolume ultraviolet (UV)/visible light (Vis) spectrophotometer [11,12]. 

The assay requires a minimum of laboratory skills and was implemented successfully in a pharmacokinetic study of 

levofloxacin in African patients with multidrug resistant tuberculosis [13]. Furthermore, saliva has been used as an 

emerging, non-invasive, and patient-friendly matrix alternative to blood assay for TDM. Drug penetration into oral 

fluid is a prerequisite for the test to be useful [14]. 

Following the implementation in TB drugs, a saliva assay has the potential to be applied for other drugs, e.g. 

in HIV treatment. Tenofovir, lamivudine, and efavirenz are the backbone for HIV treatment in Indonesia and available 

as a fixed-dose combination tablet. Those three drugs have chromophore chains (Figure S1) and thus exhibit a UV 

spectrum. Detectable levels of those drugs in saliva of patients living with HIV have also been reported [15–17]. 

Theoretical salivary concentrations from previous studies were 0.4 – 25.8 ng/ml for tenofovir, 15 – 718 ng/ml for 

lamivudine, and 3 – 100 ng/ml for efavirenz. Against this backdrop, this article describes our attempts in exploring 

the potential of using a mobile microvolume spectrophotometer for quantification of tenofovir, lamivudine, and 

efavirenz in human saliva to enable objective monitoring of ART use in resource-limited HIV endemic settings. 

 

MATERIALS AND METHODS 

Chemicals 
Tenofovir and lamivudine (purity > 99%) were purchased from Sigma-Aldrich (St. Louis, MO, USA). Efavirenz 

(purity > 99%) was kindly supplied by the Association for Quality Assessment in Therapeutic Drug Monitoring and 

Clinical Toxicology (KKGT, The Hague, the Netherlands). Ultrapure water was obtained from a Milli-Q Advantage 

A10 system (Millipore Corporation, MA, USA). Hydrochloric acid and sodium hydroxide concentrates were 

purchased from Sigma-Aldrich (St. Louis, MO, USA). 2-Naphthol (β-naphthol) was obtained from Flucka Chemicals 

(Buches, Switzerland). 

Hydrochloric acid 0.1 M solution was prepared by diluting 8.3 ml of concentrated hydrochloric acid in 

ultrapure water to a total volume of 1.0 l. Sodium hydroxide 4.0 M solution was prepared by dissolving 56.0 g sodium 

hydroxide concentrate in ultrapure water for a total volume of 350.0 ml. β-naphthol solution was prepared from 0.5 g 

β-naphthol dissolved in 4.0 ml sodium hydroxide (8.5% w/w) and diluted in ultrapure water to a total volume of 10.0 

ml. Molybdovanadate reagent was prepared by from 4.0 g ammonium molybdate and 0.1 g ammonium vanadate 
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dissolved in 70.0 ml of ultrapure water. The solution was mixed with 20.0 ml of nitric acid (63.0 – 70.0% w/w) and 

then diluted with ultrapure water to get a final volume of 100.0 ml. 

 

Instrument 
Samples were measured on a mobile microvolume UV/Vis spectrophotometer, NanoPhotometer NP80® (Implen, 

München, Germany), with a wavelength range of 200 – 900 nm, and a scan time of 2.5 – 4 s. A pathlength of 0.67 

mm was used when the sample was placed on the drop tray, and a pathlength of 10 mm was used when the sample 

was in a cuvette. The baseline correction and smoothing filter were switched off. Ultrapure water was used as a blank. 

Samples were placed on the drop tray using a disposable Pasteur pipette (≥ 3 μl for tenofovir) or a cuvette (100 μl for 

lamivudine and efavirenz). The surface of the drop tray was cleaned with deionized water and 70% ethanol and dried 

using lint-free tissues after each measurement. 

 

Stock solution preparation 
Stock solutions were made by dissolving tenofovir and lamivudine in ultrapure water. Efavirenz was first dissolved 

in 50% (v/v) methanol/water before further dilution in ultrapure water. The total volume of diluted stock solution that 

was added to the blank saliva was kept at 5.0% (v/v). 

 

Sample preparation 
Blank saliva was collected from six healthy individuals using Salivette® (Sarstedt, Nümbrecht, Germany) after rinsing 

their mouth with water. Volunteers were individually approached and recruited; they were between 23 and 26 years 

old, used no medications except oral contraceptives for females, and provided their written consent prior to saliva 

collection. In order to collect saliva, the cotton swab was removed from the Salivette® tube and placed in the mouth. 

After being chewed for 2 min, the saliva-soaked swab was returned to the Salivette® tube and then closed with the 

plug. Following saliva collection, the Salivette® tubes were centrifuged at 2,997 rpm for five minutes using a Rotina 

420 Centrifuge (Hettich Benelux, Geldermalsen, the Netherlands) and filtered through a Millex-GP filter (Merck 

Millipore, Carrigtwohill, Ireland) with a pore size of 0.22 μm using a 5.0 ml syringe. 

Since absorbance of tenofovir was too low for our objective, different strategies were explored to increase 

the absorbance. Each experiment was performed at least in triplicate. First, the use of different pH solutions was done 

by adding 15 drops of 0.1 M hydrochloric acid solution (final pH of 2.5) or nine drops of 4.0 M sodium hydroxide 

solution (final pH of 12.0) to 15.0 ml of tenofovir solution (50,000 ng/ml). Results were compared with tenofovir 

solution without any additives (pH 7.0). Second, the initiation of a reaction between two potentially reactive groups 

of tenofovir and indicators was performed to increase the absorbance of the solution. The primary amine group of 

tenofovir was reacted with a freshly prepared β-naphthol solution as follows: 2.0 ml of tenofovir solution was acidified 

with two drops of hydrochloric acid (73 mg/ml), after which 0.2 ml of sodium nitrite solution (100 mg/ml) was added 

and mixed. After two minutes, 1.0 ml of β-naphthol solution was added to the test solution and the solution was mixed 

before being measured with the mobile microvolume spectrophotometer. Alternatively, another reaction was 

performed with the phosphate group of tenofovir by adding 0.5 ml molybdovanadate reagent to 1.0 ml of tenofovir 

solution. The test solution was mixed and then left to react for five minutes before measurement. 

 

Assay procedure 
The spectrophotometry assay was explored according to European Medicines Agency (EMA) and Food and Drug 

Administration (FDA) guidelines [18,19] for its calibration curve, sensitivity, and selectivity.  

The calibration standards of tenofovir consisted of concentrations at a range of 10 – 50,000 ng/ml. The 

lamivudine calibration standards consisted of concentrations at a range of 10 – 800 ng/ml. The calibration standards 

of efavirenz consisted of concentrations at a range of 5 – 4,000 ng/ml. These concentrations were based on the 

concentration ranges reported in saliva of patients with HIV [15–17]. A calibration curve was determined by plotting 

absorbance at the selected wavelength against concentration and performing linear regression, using at least six 
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calibration concentration levels. Each calibration standard was analysed at least in triplicate.  

EMA/FDA guidelines require that back calculated concentrations of the calibration standards should be 

within ± 15% of the nominal concentrations, except at the lower limit of quantification (LLOQ) where the back 

calculated concentration should be within ± 20% of the nominal concentration [18,19]. Those criteria should be 

fulfilled by at least 75% of the calibration standards with a minimum of six concentration levels. If replicates are used, 

the criteria (within ±15% or ±20% for LLOQ) should also be fulfilled for at least 50% of the calibration standards 

tested per concentration level. If a calibration standard does not comply with these criteria, the calibration curve 

without this standard should be re-evaluated, including regression analysis. 

The assay sensitivity was based on the determination of the LLOQ using the lowest calibration standard in 

ultrapure water and calculated based on the analyte signal. The analyte response of the LLOQ was at least 5 times the 

response of a blank sample (ultrapure water) with the accuracy should be within ±20% of nominal concentrations and 

the precision (coefficient of variation) should not exceed 20% [18,19]. For selectivity, drug-free saliva samples 

obtained from six healthy volunteers were evaluated for interference. The guidelines require that measurements of 

these samples should be free of interference and result in responses less than 20% of the LLOQ [18,19].  

All data calculations and analyses were performed by importing raw data into proprietary spreadsheets of 

Microsoft® Excel® for Microsoft 365 MSO (version 2210). Data are presented in frequencies, percentages, and mean 

(± standard deviation, SD) if applicable. The linearity of calibration curves was evaluated by the least square regression 

method using unweighted data. Results of assay are presented in charts and tables as appropriate. 

 

RESULTS 

Tenofovir 
The calibration standards of tenofovir in ultrapure water were measured at concentrations of 10, 50, 100, 250, 500, 

1,000, 2,500, 5,000, 10,000, 20,000, 30,000, 40,000, and 50,000 ng/ml. The maximum absorbance was observed at a 

wavelength of 261 nm. However, after evaluating those calibrations standards based on EMA/FDA guidelines, 

concentrations below 2,500 ng/ml were rejected first because the back calculated concentrations did not comply with 

the criteria (within ±15% or ±20% for LLOQ).  

The calibration standards of tenofovir 2,500 – 50,000 ng/ml in ultrapure water were re-evaluated, including 

the regression analysis, and the results are shown in Figure 1. The spectra of tenofovir in ultrapure water showed clear 

baseline shifts and increasing magnitudes of absorbance at the 261 nm maximum. Linearity of the calibration curve 

evaluated at 261 nm was observed (R2 = 0.9994) for tenofovir from 2,500 to 50,000 ng/ml in ultrapure water. The 

LLOQ in ultrapure water was determined to be 2,500 ng/ml. All the back calculated concentrations of tenofovir 2,500 

– 50,000 ng/ml in ultrapure water deviated less than ±20% for the LLOQ and less than ±15% from the nominal 

concentrations (Table S1).  

 

(A)  



Journal of Pharmaceutical Negative Results ¦ Volume 14 ¦ Issue 04 ¦ 2024 
902 

 

  
(B)  

 
Figure 1: Spectra and absorbance of tenofovir in ultrapure water at concentrations 2,500 to 50,000 ng/ml. A: Spectra 

of tenofovir in ultrapure water at 200 – 400 nm; B: a calibration curve with a red-dashed trendline of tenofovir, 

evaluating the absorbance at 261 nm. 

 

Since the LLOQ is higher than the lower tenofovir concentration reported in patients’ saliva, several attempts 

were performed to lower the LLOQ before working on the saliva samples. Acidification of tenofovir solution 50,000 

ng/ml decreased the absorbance at 261 nm from 2.16 ± 0.03 (at pH 7.0) to 2.09 ± 0.02 (at pH 2.5). Alkalinization of 

the solution also lowered the absorbance at 261 nm from 2.16 ± 0.03 (at pH 7.0) to 2.10 ± 0.005 (at pH 12.0). 

Alkalinization also caused a red-hyperchromic shift of the peak at 207 nm (at pH 7.0) to 205 nm (at pH 12.0) with a 

sharp increase in absorbance as shown in Figure S2. Furthermore, the reaction of tenofovir solution with sodium 

nitrite and β-naphthol solutions as well as with the molybdovanadate reagent produced a yellow-orange colour and 

precipitation. There were no differences for tenofovir absorbance observed at 261 nm. 

All of the above findings showed that the LLOQ and calibration curve concentrations of tenofovir are much 

higher than the target range concentrations of tenofovir detected in saliva of patients with HIV [15], and thus no 

attempt at quantifying tenofovir in saliva was performed. 
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Lamivudine 

The calibration standards of lamivudine in ultrapure water were measured at concentrations of 10, 50, 100, 200, 300, 

400, 500, 600, 700, and 800 ng/ml. The maximum absorbance was observed at a wavelength of 271 nm. However, 

after evaluating those calibrations standards based on EMA/FDA guidelines, concentrations lower than 200 ng/ml as 

well as 700 ng/ml were rejected first because the back calculated concentrations did not meet the predefined criteria 

(within ±15% or ±20% for LLOQ).  

 

 

(A) 

 
(B) 

 
Figure 2: Spectra and absorbance of lamivudine in ultrapure water at concentrations 200 to 800 ng/ml. A: Spectra of 

lamivudine in ultrapure water at 200 – 400 nm; B: a calibration curve with a red-dashed trendline of lamivudine in 

ultrapure water, evaluating the absorbance at 271 nm. 

 

The calibration standards of lamivudine in ultrapure water at a range of 200 – 800 ng/ml as well as the 

regression analysis were re-evaluated, and the results are presented in Figure 2. The spectra of lamivudine in ultrapure 

water showed increasing magnitudes of the absorbance at the 271 nm maximum, and the calibration curve showed a 

linear trendline within concentrations that range from 200 to 800 ng/ml with an R2 value of 0.9888. The LLOQ of 
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lamivudine in ultrapure water was determined to be 200 ng/ml. All the back calculated concentrations of lamivudine 

200 – 800 ng/ml in ultrapure water deviated less than ±15% from the nominal concentrations and less than ±20% for 

the LLOQ (Table S2).     

The calibration standards of lamivudine in saliva were also measured at concentrations of 10, 50, 100, 200, 

300, 400, 500, 600, 700, and 800 ng/ml with the maximum absorbance was evaluated at a wavelength of 271 nm. 

However, after evaluating those calibrations standards based on EMA/FDA guidelines, concentrations lower than 200 

ng/ml as well as 300 ng/ml were rejected first because the back calculated concentrations did not meet the predefined 

criteria (within ±15% or ±20% for LLOQ). 

The calibration standards of lamivudine in saliva at a range of 200 – 800 ng/ml as well as the regression 

analysis were re-evaluated, and the results can be seen in Figure 3. The calibration curve of lamivudine for 

concentrations 200 – 800 ng/ml in saliva at 271 nm showed a low R2 value (0.7091), and the absorbance does not vary 

much with concentration. However, even after the rejections, all but two of the remaining back calculated 

concentrations in saliva still differed more than 15% from the nominal concentrations and more than 20% for the 

LLOQ. The majority of the calibration standards tested per concentration level in the replicates did not fulfil the 

criteria (within ±15% or ±20% for LLOQ) (Table S2). 

 

(A) 

 
(B) 
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Figure 3: Spectra and absorbance of lamivudine in saliva at concentrations 200 to 800 ng/ml. A: Spectra of lamivudine 

in saliva at 200 – 900 nm; B: absorbance of lamivudine in saliva at a wavelength of 271 nm with a red-dashed trendline. 

 

Six drug-free saliva samples from healthy individuals were further evaluated on their respective interference 

at a wavelength range of 240 – 300 nm. As can be seen in Figure S3, the absorbance of blank saliva is higher than 

that of the highest calibration standard of lamivudine at the wavelength of 271 nm. 

  

Efavirenz 
The calibration standards of efavirenz in ultrapure water were measured at concentrations of 5, 10, 50, 100, 500, 1,000, 

1,500, 2,000, 2,500, 3,000, 3,500, and 4,000 ng/ml. The maximum absorbance was observed at a wavelength of 247 

nm. However, after evaluating those calibrations standards based on EMA/FDA guidelines, concentrations lower than 

1,000 ng/ml as well as 3,000 ng/ml were rejected first because the back calculated concentrations did not meet the 

predefined criteria (within ±15% or ±20% for LLOQ).  

The calibration standards of efavirenz in ultrapure water at a range of 1,000 – 4,000 ng/ml as well as the 

regression analysis were re-evaluated, and the results are presented in Figure 4. The spectra of efavirenz in ultrapure 

water showed increasing magnitudes of the absorbance at the 247 nm maximum. The calibration curve of efavirenz 

in ultrapure water with a concentration range of 1,000 to 4,000 ng/ml showed an R2 value of 0.9309. The LLOQ of 

efavirenz in ultrapure water was determined to be 2,000 ng/ml. As can be seen in Table S3, efavirenz in ultrapure 

water at a concentration of 1,000 ng/ml should be rejected and this rejection resulted in less than six calibration 

standard levels fulfilled the FDA/EMA guidelines criteria (less than ±15% from the nominal concentrations and less 

than ±20% for the LLOQ) which were unsuitable for generating a new calibration curve.  

 

(A) 
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(B) 

 
Figure 4: Spectra and absorbance of efavirenz in ultrapure water at concentrations 200 to 800 ng/ml. A: Spectra of 

efavirenz in ultrapure water at 200 – 400 nm; B: absorbance of efavirenz in ultrapure water with a red-dashed trendline, 

evaluating the absorbance at 247 nm. 

 

 

(A) 
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(B) 

 
Figure 5: Spectra and absorbance of efavirenz in saliva at concentrations 1,500 to 4,000 ng/ml. A: Spectra of efavirenz 

in saliva at 200 – 900 nm; B: absorbance of efavirenz in saliva at a wavelength of 247 nm with a red-dashed trendline. 

 

The calibration standards of efavirenz in saliva were also measured at concentrations of 5, 10, 50, 100, 500, 

1,000, 1,500, 2,000, 2,500, 3,000, 3,500, and 4,000 ng/ml with the maximum absorbance was evaluated at a 

wavelength of 247 nm. However, after evaluating those calibrations standards based on EMA/FDA guidelines, 

concentrations lower than 1,000 ng/ml were rejected first because the back calculated concentrations did not meet the 

predefined criteria (within ±15% or ±20% for LLOQ). 

The calibration standards of efavirenz in saliva at a range of 1,500 – 4,000 ng/ml as well as the regression 

analysis were re-evaluated, and the results can be seen in Figure 5. The calibration curve in saliva at 247 nm showed 

an R2 value of 0.9152. As can be seen in Table S3, efavirenz in saliva at a concentration of 1,500 ng/ml should be 

rejected and this rejection resulted in less than six calibration standard levels fulfilled the FDA/EMA guidelines criteria 

(less than ±15% from the nominal concentrations and less than ±20% for the LLOQ) which were unsuitable for 

generating a new calibration curve. 
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DISCUSSION 
This is the first study exploring the use of a mobile microvolume UV/Vis spectrophotometer for quantification of 

antiretroviral drugs in saliva. However, the salivary assays of tenofovir, lamivudine, and efavirenz appeared not 

feasible due to the relatively high LLOQ for tenofovir and efavirenz and the matrix interference for efavirenz and 

lamivudine. 

Tenofovir concentrations in saliva of patients living with HIV are 0.4 – 25.8 ng/ml (2 – 26 h post-dose) [15]. 

As the LLOQ for tenofovir in ultrapure water was 2,500 ng/ml, ~100 times higher than the target concentration, several 

strategies were explored to increase the absorbance of tenofovir and thereby to lower the LLOQ. Nevertheless, neither 

acidification nor alkalinization succeeded in increasing the absorbance. This could be explained based on the pKa of 

tenofovir (pKa = 3.74) [15]. The acidic group will be deprotonated in an alkaline solution with pH above 10.0 resulting 

in a net negative charge. The electrons can be distributed across a part of the molecule and affect light absorption. 

However, the effect is minimal due to the limited distribution across four atoms. In addition, a hyperchromic shift 

observed at 205 nm in the spectrum of the alkaline solution could not be used to quantify tenofovir, even though at 

this wavelength the absorbance was much higher compared to the absorbance at pH 2.5 and 7.0. Endogenous 

substances in saliva appear to absorb the light within that wavelength and thus may affect the selectivity of tenofovir 

[20].  Similarly, the LLOQ of efavirenz is also much higher than the efavirenz concentrations in saliva of patients with 

HIV at 3.125 to 100 ng/ml [17]. Thus, this proposed assay is unsuitable to quantify efavirenz in saliva. 

The calibration curves of efavirenz and lamivudine in human saliva failed to meet the FDA and EMA 

requirements [18,19], and thus the calibration standards should be rejected from this assay. The possible source of the 

failure is that the total absorbance at the wavelength of maximum absorption exceeds the linear range of the 

spectrophotometer. The signal of blank saliva at 247 nm or 271 nm is higher than that of the highest calibration 

standard of efavirenz in ultrapure water (4,000 ng/ml) or lamivudine in ultrapure water (800 ng/ml). The signal of 

efavirenz or lamivudine might be suppressed in the salivary samples. Therefore, the assay seems not suitable to 

quantify lamivudine and efavirenz directly in saliva. Other strategies could be explored to improve the assay. 

The Lambert-Beer’s law states that the absorbance of light is directly proportional to the concentration of the 

absorbing components [21]. For a substance following this principle, zeroth-order spectra correlate with the 

concentration. However, the response measured at the wavelength of the maximum absorbance can be affected by 

endogenous compounds, such as proteins, present in saliva as can be seen from the lamivudine and efavirenz samples. 

Using a less sensitive wavelength (e.g. ~230 nm for lamivudine or ~280 nm for efavirenz) could be applied to decrease 

the total absorbance of saliva samples within the linear range of the detector. However, this approach was not feasible 

in the present study as the total absorbance at those wavelengths were still observed exceeding the linear range. The 

assay could be possibly improved in the future by exploring possible strategies to bring the total signal at the 

wavelength of maximum absorption into the linear range for analysis, e.g. by diluting the saliva samples in blank 

(ultrapure water), or shortening the pathlength with the use of the drop tray or different cuvette sizes [19,21]. Since 

the LLOQ of lamivudine in ultrapure water in the present study (200 ng/ml) is within the reported lamivudine 

concentrations in saliva of patients with HIV (15 – 718 ng/ml) [16], improving the assay might be promising to 

increase its applicability. Once all data are within the validated range for analysis and if the inter-patient variance of 

the blank matrix remains, derivative spectroscopy using the Savitzky-Golay filter may be applied. This may increase 

the resolution of the spectrum and decrease baseline shifts by filtering out the analyte signal from the total signal 

which, in turn, can increase the selectivity and specificity of the detection of analyte [11,22].   

Given that the purposed salivary monitoring assay with the mobile microvolume spectrophotometer is not 

feasible for tenofovir, lamivudine, and efavirenz, other strategies using different matrices or more selective devices 

may also be further investigated. Low penetration of antiretroviral drugs into saliva due to their physicochemical 

properties, such as a low pKa value in the case of tenofovir, are a concern as the drugs cannot easily diffuse across the 

salivary gland [15,16]. Another non-invasive matrix such as urine could be explored. Tenofovir concentrations have 

been found to be ~100 times higher in urine than in saliva [15,23], and urinary tenofovir concentrations are strongly 

correlated with plasma [23]. 
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The recent introduction of an enzyme immunoassay for a qualitative drug level testing of efavirenz, lopinavir, 

and dolutegravir in plasma [24] and tenofovir urine testing using dipstick technology [25,26] are advancements in 

detecting ART nonadherence. These assays are promising and can be further explored with the use of non-invasive 

matrices and other antiretroviral drugs in resource-limited settings. Furthermore, a more selective analytical method, 

such as a mobile high performance liquid chromatography (HPLC) system with UV/Vis detector could be investigated 

for an easy and affordable assay [27].  

Of importance, this study has demonstrated that compounds with low concentrations in saliva and having the 

maximum absorbance within the range of wavelengths of endogenous compounds of blank saliva (240 – 300 nm) are 

difficult to be directly quantified in saliva by spectrophotometry. This might become a great obstacle for the 

monitoring of tenofovir, lamivudine, and efavirenz in saliva. The wavelength of maximum absorbance of these three 

drugs are relatively close to those of the blank saliva and the absorption peaks could overlap in the UV spectra. 

Therefore, reducing matrix interference could be performed in future studies by optimising sample preparation with 

different extraction conditions, such as precipitation, solid phase extraction cartridges, liquid-liquid extraction, or 

liquid phase microextraction [10,24,28]. However, this approach is not the best strategy if the assay will be 

implemented to lower skilled workers outside a laboratory setting or in a resource-limited practice. Despite the 

shortcomings exposed in this study, the use of a mobile spectrophotometer is still promising for programmatic 

implementation of TDM, but strategies should be performed to improve the assay sensitivity and selectivity. 

 

CONCLUSIONS 
The proposed mobile microvolume spectrophotometer assay was not sufficiently selective and thereby unsuitable to 

quantify tenofovir, lamivudine, and efavirenz directly in saliva. High LLOQ values were observed for tenofovir and 

efavirenz, while the total absorbance of lamivudine and efavirenz in saliva exceeded the linear range for analysis. 

Further research using different strategies, matrices, or devices could be investigated. 
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