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AbstrAct

High-performance liquid chromatographic (HPLC) analysis of antiretroviral (ARV) drugs in biological matrices are reviewed 
for therapeutic drug monitoring purposes.  HPLC is the most often used analysis method of these drugs. Liquid-liquid extrac-
tion, solid phase extraction and protein precipitation were used for the prepurification of the biological samples.  ARV drugs were 
detected by various detection methods, including ultraviolet, f luorescence, mass spectrometry (MS) and MS/MS.  This review 
shows that HPLC methods allow quantitative determination of antiretroviral drugs, individually or simultaneously in biological 
matrices for therapeutic drug monitoring purposes.
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InTrODUCTIOn

As infection with human immunodeficiency virus 
(HIV) continues to spread throughout the world, HIV/AIDS 
has become a major contributor to global morbidity and 
mortality.  At the end of 2003, 40 million people worldwide 
were estimated to be living with HIV infection(1).

Five drug classes have since been developed for the 
treatment of infection with HIV:  (I) protease inhibitors (PIs), 
(II) nucleoside reverse transcriptase inhibitors (NRTIs), (III) 
non-nucleoside reverse transcriptase inhibitors (NNRTIs), 
(IV) nucleotide reverse transcriptase inhibitors (NtRTIs) and 
(V) fusion inhibitors (Table 1). 

The use of combination regimens of three or 
more antiretrovirals, often referred to as highly active 
antiretroviral therapy (HAART) has proven extremely 
effective in reducing the morbidity and mortality associated 
with HIV infection(2).  HAART regimens typically are 
composed of a backbone of 2 NRTIs combined with either a 
PI (often boosted with low-dose ritonavir) or an NNRTI. 

There is increasing evidence that virological treatment 
failure is at least partially correlated with variations in the 
pharmacokinetic parameters in drugs(3,4).  These variations 
may be due to drug-drug interactions, low bioavailability, 
inter-patient variability in drug disposition and special 
variations in the activity of metabolic enzymes.  Therapeutic 
drug monitoring (TDM) comprises of determination of a 
drug’s concentration in blood, comparison of the result with 
a therapeutic range, and adjustment of the applied dose 
according to the measured concentration.  TDM may be the 
only way to effectively verify compliance,  an issue which 
has been shown to be critical in HIV therapy(5). 

Numerous methods have been published for the analysis 
of protease inhibitors(6,7) and nucleoside analogues(8) in 
biological matrices, which have been reviewed.  In this 
literature, the utilization of HPLC methods for quantitative 
determination of antiretroviral drugs in biological matrices 
for therapeutic drug monitoring purposes were reviewed.

mETABOlISm AnD PHArmACOKInETICS

At the present, available antiretroviral drugs include 
six nucleoside reverse transcriptase inhibitors (zidovudine 
(AZT), didanosine (ddI), zalcitabine (ddc), stavudine 
(d4T), lamivudine (3TC) and abacavir (ABC)), three non-
nucleoside reverse transcriptase inhibitors (nevirapine 
(NVP), delavirdine (DLV), efavirenz (EFV)), nucleotide 
reverse transcriptase inhibitors (tenofovir (TNF)), ten HIV 
protease inhibitors (saquinavir (SQV), ritonavir (RTV), 
indinavir (IDV), nelfinavir (NFV), amprenavir (APV), 
lopinavir (LPV), atazanavir (ATV), emtricitabine (FTC), 
tipranavir (TPV) and fosamprenavir) and fusion (entry) 
inhibitors (enfuvirtide (T-20)). 

Reverse transcriptase inhibitors act through at least 
two mechanisms.  First, they act as “chain terminators”, in 
other words, they block the elongation of the DNA chain 
through blockage of further nucleosides.  This mechanism 
is characteristic of the nucleoside analogs, such as AZT, 
ddI, ddc, d4T, and 3TC, and depends on the intracellular 
phosphorylation of the drugs to the corresponding 
triphosphate.  Second, they act by competition/binding of 
the reverse transcriptase in functionally essential sites.  Non-
nucleoside reverse transcriptase inhibitors act only through 
this mechanism and not as “chain terminators”.  Nucleoside 
analogs in general have good oral bioavailability bind only 
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minimally to plasma proteins and are excreted through 
the kidneys.  Cerebrospinal fluid to plasma ratios may be 
variable, ranging from 10% to 80%.  They are generally 
active on HIV-1 and HIV-2.  Non-nucleoside reverse 
transcriptase inhibitors are characterized by an HIV-1 
restricted antiviral activity and are generally metabolized 
by the liver; interactions with other drugs with hepatic 
metabolism may occur.  Their binding to plasma protein can 
also be higher than that with nucleoside analogs and binding 
site displacement effects are possible(9).  

NtRTIs are very similar to the NRTIs, but are 
chemically pre-activated to quickly convert to the actual 
form of drug in the body, allowing the NtRTIs to enter the 
HIV’s DNA more rapidly than the drugs in the NRTI class. 
Tenofovir is the first drug (and so far, the only one) in 
the category of nucleotide reverse transcriptase inhibitors 
(NtRTIs) to be approved by the FDA.  While the NRTIs, 
NtRTIs, NNRTIs, and PIs are all working inside the infected 
CD4 cell to treat HIV, fusion inhibitors fight HIV outside the 
CD4 cell by blocking fusion of HIV before the virus enters 
the cell and begins its replication process(10).  Enfuvirtide 
was approved by the FDA in March 2003 for use in adults 
and children with advanced HIV infection.

The HIV-1 protease is a dimer consisting of two 
99-amino acids to form the catalytic site(11).  Protease 
inhibitors act by binding to the catalytic site of the HIV 
aspatic protease.  This enzyme is critical in the post-
translational processing of the polyprotein products of 
gag and gag-pol genes into the functional core proteins 
and viral enzymes, respectively.  Its inhibition leads to the 
release of immature, noninfectious viral particles.  Most 
of the protease inhibitors are compounds that mimic the 
part of the structure of gag-pol protein that is recognized 
by HIV-protease.  PIs as nucleoside analogs, which are 
active on HIV-1 and HIV-2, have shown antiviral activity 
in primary human lymphoid and monocytic cell lines and 
against a variety of viral strains, unlike inhibitors of reverse 
transcriptase which provides no protection in established in 
vitro infection.  Protease inhibitors are active in chronically 

infected cells.  Finally, PIs are active as the administered 
compound and do not need intracellular phosphorylation(9). 
Most of the HIV protease inhibitors have poor systematic 
bioavailability. APV, IDV, RTV, NFV, SQV and LPV all 
undergo oxidative metabolism by CYP3A4, and additional 
CYP isoforms metabolize individual protease inhibitors. 
Metabolism occurs predominantly in the liver, but 
metabolism by intestinal epithelial cells may also decrease 
bioavailability(12). 

Selected pharmacokinetic parameters of some ARV 
drugs are shown in Table 2.

AnAlYTICAl mETHODS

The acquired immunodeficiency syndrom epidemic is 
one of the greatest challanges facing the medical community 
today.  Over the past several years, there has been rapid 
increase in the number of marketed anti-HIV drugs. 
Currently, there are 21 marketed antiretrovirals with several 
others expected to reach the marked in the near future. 

As antiretroviral regimens become more complicated, 
there is a growing need for monitoring antiretroviral drug 
levels in HIV infected patients to maintain concentrations 
that provide maximal therapeutic effect with the least 
possible toxicity.  TDM may be useful in the management 
of patients who are prescribed combination therapies with 
CYP3A4 inhibitors, in patients with severe liver failure, in 
pregnant women and in children.

The majority of the methods for the quantitation of 
ARV drugs in biological matrices involves HPLC assay. 
HPLC methods developed for the analysis of nucleoside 
analogs(8) and Pıs(6) up to the year of 2001 have already 
been reviewed.  This review, therefore, includes only 
recently developed HPLC methods of NRTIs and PIs 
established since 2001. The other review study reported by 
Crommentuyn et al.(7) includes HPLC methods based on 
the bioanalysis of PIs in only Peripheral blood mononuclear 
cells (PBMC) samples.  HPLC methods in this review,  

Table 1. Antiretroviral drugs

Protease inhibitors (PIs) Nucleoside reverse  
transcriptase inhibitors

Non-nucleoside reverse  
transcriptase inhibitors

Nucleotide reverse  
transcriptase inhibitors

Fusion (entry)  
inhibitors

(NRTIs) (NNRTIs) (NtRTIs)
Amprenavir Abacavir Delavirdine Tenofovir Enfuvirtide
Indinavir Didanosine Efavirenz
Nelfinavir Lamivudine Nevirapine
Ritonavir Stavudine
Saquinavir Zalcitabine
Lopinavir Zidovudine
Atazanavir
Emtricitabine 
Tipranavir
Fosamprenavir
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include the determination of all classes of ARV drugs in 
various biological matrices.  Reported publications are 
summarized below and listed in Table 3.  Among these 
methods, those used for biological samples of animals are 
also reviewed as though applicable to biological samples of 
humans.

I. Analysis of Single ARV

(I) Protease Inhibitors

Campanero et al.(13) developed HPLC-UV method 
for measuring SQV in plasma samples of HIV patients. 
The LOQ was 1 ng mL-1 and only 0.5 mL of plasma 
sample was required for the analysis.  Burhenne et al.(14) 

developed a highly sensitive method for analysis of SQV 
in plasma, saliva or urine samples, consisting of liquid-
liquid extraction (LLE) followed by HPLC and tandem 
mass spectrophotometric (TMS) detection using an 
electrospray ion source. In this method, the LOQ was 0.05 
ng mL-1.  The method was reported by Pereira et al.(15) for 
the measurement of APV in seminal plasma using HPLC-
TMS, which requires only 100 μL of sample.  The method is 
sensitive and selective. Gunawan et al.(16) reported LC/MS/
MS assay for quantitation of APV (agenere) in patient serum 

or plasma.  Schuster et al.(17) developed HPLC/MS method 
for the determination of ATV in plasma using automated 
96-well solid phase extraction. Jemal et al.(18) also 
developed another HPLC/MS method for analysis of ATV in 
PBMCs. Colombo et al.(19) described HPLC-UV assay for 
measuring ATV in plasma using solid phase extraction (SPE). 
Hua et al.(20) reported on-line column-switch LC/MS/MS 
method to measure NFV and its major metabolite (M1) in 
rat plasma.  Herforth et al.(21) developed and validated a 
method for measuring the free fraction of NFV in plasma 
employing equilibrium dialysis for the separation of free 
(unbound) drug and LC/TMS for quantitation. NFV is a 
highly bound HIV protease inhibitor with the fraction bound 
in plasma greater than 98%.  Thus variations in the free 
fraction may be clinically important when interpreting total 
drug concentrations.  Panchagnula et al.(22) published an 
HPLC method based on UV detection for quantification of 
IDV from ex-vivo rat intestinal permeability studies, in the 
presence of propranolol.  Jayewardene et al.(23) described 
the method validation of LC/MS/MS assay for IDV.  The 
sample preparation consisted of precipitating plasma 
proteins with acetonitrile.  Darque et al.(24) developed 
HPLC method combining SPE to quantitate the intracellular 
active 5’-triphosphate (TP) of emtricitabine (FTC) in human 
PBMCs of patients infected with HIV after various oral 

Table 2. Pharmacokinetic parameters of antiretroviral drugs

Agent
Oral bio-
availaility  

(hr)

Plasma  
t1/2elim (hr) Elimination

%Plasma 
protein  
binding

%Renal 
excretion of 
parent drug

Tmax  
(hr)

Cmax  
(mg/L)

Volume of 
distribution  

(Vd) (L/hr•kg)

nrTIs

Zidovudine 60 0.8-1.9 Hepatic glucuronidation  
Renal excretion 20-38 15 0.5-1 –– 1.6+0.6

Didanosine 40 1.4 Celllular metabolism  
Renal excretion <5 20-50 1 2.6 0.8-1.2

Zalcitabine 90 1-2 Renal excretion <5 70 1 – 0.5
Stavudine 80-90 1.4 Renal excretion <5 40 0.5-1 0.5

Lamivudine 80 5-7 Renal excretion <35 70 1-1.5 – 1.3

Abacavir >70 0.8-1.5 Hepatic glucuronidation  
and carboxylation 50 <5 – 3.36 –

nnrTIs
Nevirapine 90 25-30 Hepatic cytochrome P450 60 <3 – 20 –
Delavirdine 85 2-11 Hepatic cytochrome P450 98 <3 – 35 –
Efavirenz 50 40-90 Hepatic cytochrome P450 99 <3 – 6-10

PIs
Saquinavir 12 7-12 Hepatic cytochrome P450 98 <3 – 0.04-0.10 10
Ritonavir 65-75 3-5 Hepatic cytochrome P450 98-99 3.5 – 10-12 0.4
Indinavir 60-65 1.5-2 Hepatic cytochrome P450 60 11 – 5-11 –
Nelfinavir 20-80 3.5-5 Hepatic cytochrome P450 98 1-2 – 3-4 2-7

Amprenavir 35-90 7-11 Hepatic cytochrome P450 90 <3 – 3-8 –
Lopinavir ? 6-8 Hepatic cytochrome P450 98-99 <3 – – –
ntrTIs

Tenofovir 25 17 Glomerular filtration and  
active tubular secretion 0.7 – – – 1.3 ± 0.6
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dosing regimens of FTC monotherapy.

(II) Nucleoside Reverse Transcriptase Inhibitors 

Schrive et al.(25) presented HPLC-UV method for 
the assay of AZT and its metabolites in biological fluids 
using SPE on-line with chromatographic separation.  For 
the analysis, the ionic strength of the potassium phosphate 
buffer used as the mobile phase plays an important role. pH 
of the mobile phase is also very important.  Knowledge of 
the pKa of the compounds allows prediction their behaviour 
and choosing the optimal pH for the mobile phase.  Chow 
et al.(26) aimed to examine the in vivo disposition of AZT 
and AZT anabolites in various target tissues in mice and 
to investigate the effect of chronic retrovirus infection on 
the tissue disposition of AZT anabolites using HPLC-UV 
method.  Trang et al.(27) determined the bioavailability 
and pharmacokinetics of AZT in mice following single 
dose oral and intravenous administration of 15, 30, and 60 
mg/kg using HPLC-UV method.  Because chronic toxicity 
studies are normally conducted in laboratory animals 
following oral administration, it is necessary to investigate 
the bioavailability of AZT which will be used in the animal 
model. 

Carpen et al.(28) developed an ion-paired HPLC 
method to measure concentrations of ddI in human plasma, 
urine and cerebrospinal fluid  and presented results of 
a pharmacokinetic study in a child treated both with 
intravenous and oral ddI.  The stability of ddI under a 
condition similar to the acid encountered in the stomach was 
also examined.  Knupp et al.(29) described the validation 
of HPLC methods for the quantitaion of ddI in plasma and 
urine samples obtained from AIDS patients.  Clark et al.(30) 
suggested HPLC method for the determination of 3’-azido-
2’,3’-dideoxyuridine (AZDU, nucleoside analog of AZT) 
in rat maternal plasma, amniotic fluid, fetal and placental 
tissues.  Prior to analysis, tissue samples were homogenized 
in distilled water, protein was precipitated and purified using 
SPE and protein in plasma and amniotic fluid samples were 
precipitated.  This method allowed for a pharmacokinetic 
investigation for the determination of placental transport of 
AZDU.  The HPLC analysis of AZDU and its prodrugs I, 
II, III and IV in rat plasma for preclinical pharmacokinetic 
studies were reported by Kong et al.(31).  Harker et al.(32) 

developed HPLC method for the determination of 3TC. 
3TC was extracted from serum samples using SPE prior to 
reversed-phase chromatography with UV detection.  Morris 
et al.(33) method allowed direct injection of urine (10 μL) 
using HPLC column switching followed by UV detection 
for the analysis of 3TC.  Alnouti et al.(34) introduced an 
analytical method using HPLC-UV for the quantification of 
3TC in plasma, amniotic fluid, placental, and fetal matrices 
from a pregnant rat.  This method utilized liquid-liquid 
extraction and protein precipitation (PP) for the extraction 
of 3TC from the four biological matrices.  Contreras et 
al.(35) developed HPLC –UV method of d4T in rat plasma 
incorporating an internal standart, a small sample volume 

for a short and simple preparation procedure.  Sarasa et 
al.(36) described the development and validation of HPLC 
method for the quantification of d4T in urine and following 
SPE of 0.2 mL of plasma.  Reduced sample volume used 
was suitable for pharmacokinetic studies in HIV infected 
pediatric population.  Wiesner et al.(37) described LC/
MS/MS method for the determination of d4T in plasma 
using SPE extraction with a total turnaround of 4 min 
between sample injections.  Ravitch et al.(38) described the 
development and validation of assay of ABC and its two 
major metabolites in human urine and cerebrospinal fluid, 
using HPLC with UV detection.

(III) Non-Nucleoside Reverse Transcriptase Inhibitors 

Some HPLC methods with UV detection(39-41) or 
with MS/MS(42) detection have been described for the 
determination of NVP.  The latter is highly selective and 
required only 50 μL sample, which is advantageous for 
pediatric samples.  HPLC methods have been reported for 
the determination of DLV in plasma using fluorescence 
detection(43,44).  Cheng et al.(43) used very small volumes of 
plasma.  It was suitable for the study of the pharmacokinetics 
of DLV in HIV patients, children and small animals.  Several 
HPLC–UV method for quantitation of EFV in plasma have 
been published(45-48).  These methods used SPE(45), PP(46) 
or LLE procedure(47,48).  Matthews et al.(49) described 
HPLC method for the determination of EFV in plasma with 
fluorescence detection following post-column photochemical 
derivatization.  The use of the selective detection technique 
significantly reduced the possibility of interference from 
endogenous compounds.

(IV) Nucleotide Reverse Transcriptase Inhibitors 

Sentenac et al.(50) presented HPLC method for 
TNF in plasma using UV detection.  The procedure of 
Sparidans(51) and Jullien(52) needed derivatisation of TNF 
by chloroacetaldehyde before separation by HPLC with 
fluorescence detection.  Ding et al.(53) reported HPLC-UV 
method for the measurement of DDC in maternal plasma, 
amniotic fluid, placental and fetal tissues.

(V) Fusion (entry) Inhibitors 

Chang et al.(54) published a method for measuring a 
(HIV) cell membrane fusion inhibitor enfuvirtide (T-20) 
and its metabolite (M-20/Ro 50-6343) in human plasma by 
gradient HPLC with MS/MS detection. 

II. Simultaneous Analysis of ARVs

Because of the use of multiple drugs in the same 
patient, analytical methods are needed for simultaneously 
de t e rmin ing  b lood  l eve l s  fo r  many  an t i -human 
immunodeficiency virus drugs.

Poirier et al.(55) measured EFV and active metabolite 
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of NFV, M8 together with six PIs in plasma.  Separation was 
achieved by gradient elution by SPE.  Run time might be 
considered long (60 min).  In the method by Donnerer(56),  
seven drugs, ABC, AZT, EFV, NVP, IDV, LPV and NFV, 
were analyzed in plasma by HPLC with UV detection. 
Two different extraction procedures and two different 
HPLC eluents on a C8 reversed-phase column were used 
to monitor all seven compounds. Rezk et al.(57) reported 
HPLC-UV analysis for the determination of six PIs and 
three NNRTIs using SPE extraction procedure.  Gradient 
elution was used.  The gradient flow rate was increased with 
the run time (from 0.9 to 1.1 mL over 30 min) to shorten 
the analysis time.  Keil et al.(58) developed a HPLC-UV 
method for measurement of six PIs, NFV active metabolite 
of M8 and EFV, depending on careful control of pH of the 
mobile phase and of the column temperature.  The increased 
flow rate allowed separation of the compounds in a single 
run.  Walson et al.(59) published HPLC-UV method for 
the determination of IDV, SQV, RTV, NFV in children an 
adults.  The procedure of Droste(60) separated six PIs and 
NVP by HPLC-UV method after liquid –liquid extraction. 
EFV was not included in this analysis because the recovery 
of EFV after extraction was only 20% but the active 
metabolite of NFV (M8) was analyzed simultaneously with 
PIs. Justesen et al.(61) developed HPLC-UV method for 
the determination of six PIs and active metabolite of NFV 
(M8) in plasma.  Marzolini et al.(62) reported HPLC-UV 
method for the determination of LPV and NVP in biological 
fluid after SPE adaptated from the methods the analysis 
of five first marketed PIs and EFV(63).  Albert et al.(64) 

developed two HPLC methods for the identification and 
quantitation of SQV and RTV in human plasma.  The error 
function of the analytical method was established.  Yamada 
et al.(65) presented HPLC method for the simultaneous 
determination of five HIV protease inhibitors (IDV, APV, 
RTV, SQV and NFV) in human plasma.  Sarasa-Nacenta 
et al.(66) developed HPLC assay for the five protease 
inhibitors IDV, APV, RTV, SQV and NFV in human plasma.  
Hsieh et al.(67) developed a method for simultaneous 
determination of plasma concentrations of IDV, RTV and 
SQV by HPLC. Tribut et al.(68) reported HPLC method for 
the therapeutic drug monitoring of six approved protease 
inhibitors (APV, IDV, LPV, NFV, RTV, and SQV) and two 
approved non-nucleoside reverse transcriptase inhibitors 
(EFV and NVP).  Three ultraviolet wavelengths were 
used for detection with a diode array detector.  Usami et 
al.(69) published HPLC method based on UV detection 
for simultaneous determination of LPV, RTV and EFV to 
evaluate the efficiency of co-administration of LPV/RTV 
and EFV in HIV-1 infected patients to prevent treatment 
failure.  Dailly et al.(70) reported HPLC-UV assay for TDM 
of ATV and six PIs (IDV, APV, RTV, SQV, LPV, NFV and 
the active metabolite of NFV, M8) and two NNRTIs ( NVP 
and EFV).  Poirier et al.(71) presented simultaneous HPLC 
determination of ATV with all the other PIs (NFV metabolite 
M8 included) and the two NNRTIs, EFV and NVP.  This 
HPLC method allowed the analysis of all these drugs at a 

single ultraviolet wavelength following an one step liquid-
liquid extraction procedure.  Titier et al.(72) developed 
HPLC method for simultaneous quantitation of PIs (APV, 
IDV, LPV, NFV, RTV, and SQV) and two NNRTIs (EFV 
and NVP).  It involved a rapid liquid–liquid extraction, the 
use of a gradient elution on a reversed-phase column, and 
a sequential ultraviolet detection.  Egge-Jacobsen et al.(73) 
separated six PIs and three NNRTIs in 6 min using LC/MS.

Gao et al.(74) reported LC-MS method of APV, SQV, 
IDV and NFV in rat samples.  Rentsch et al.(75) described 
HPLC-MS method for determination of six PIs and two 
NRTIs in plasma.  Run time was not as short as that in other 
HPLC-MS methods.  According to the authors, the run time 
was set at 21 min to decrease the risk of any interference 
of metabolites or concomitant medications.  Alexander et 
al.(76) investigated LPV and RTV pharmacokinetics in a 
clinical cohort using multiple-drug rescue therapy by HPLC-
TMS.  A new analysis method using fewer samples for the 
investigation of the correlation between steady-state plasma-
concentrations C, Cmax and AUC was developped in order 
to obtain these pharmacokinetic parameters easier and make 
drug monitoring more cost effective and practicle.  Chi 
et al.(77) had presented LC/MS/MS method for five PIs in 
human plasma after protein precipitation with acetonitrile. 
Run time was 3.5 min.  Frerichs et al.(78) reported LC/MS/
MS method for the determination of six PIs and the active 
metabolite of NFV (M8) after liquid-liquid extraction. 
Crommentuyn et al.(79) separated six PIs in 5.5 min using 
LC/MS/MS.  The assay was preceded by a simple protein 
precipitation step and only 100 µL of plasma sample was 
required.  It was suitable for small animals and pediatric 
studies.  Crommentuyn et al.(80) developed an assay method 
for ATV and TPV and the method could be combined 
with their earlier described LC/MS/MS method for the 
quantification of the PIs and NFV active metabolite, M8 in 
human plasma(79).

Williams et al.(81) described HPLC/MS method of 
AZT and 3TC along with several toxicologically significant 
metabolites in mouse serum and spleen for the study of 
metabolism, pharmacokinetics, and placental transfer.  Rezk 
et al.(82) used optimized SPE extraction procedure for six 
NRTIs and NVP in human plasma.  Verweij-van Wissen 
et al.(83) developed HPLC-UV method for simultaneous 
determination of NRTIs (3TC, ddI, d4T, AZT and ABC) 
in plasma.  Simon et al.(84) presented two HPLC-UV 
methods which together covered the determination of 
all three pharmaceutical classes of ARV in serum after 
SPE procedure.  Fan et al.(85) developed an isocratic ion-
pair HPLC assay with UV detection for the simultaneous 
determination of AZT, 3TC, and NVP in human plasma. 
Huang et al.(86) developed an LC/MS/MS method for 
simultaneous determination of ddI and d4T in seven 
matrices (human plasma, bronchoalveolar lavage fluid, 
alveolar cells, peripheral blood mononuclear cells, seminal 
plasma, cerebrospinal fluid, and tonsil tissue).  These 
assays were utilized in a distribution study of ddI and d4T 
in these compartments in an HIV positive patient receiving 
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HAART therapy for 6 months. Kenney et al.(87) presented  
HPLC/MS/MS method using an ultrafiltration extraction 
step for the simultaneous determination of AZT and 3TC 
in human serum.  For the validation process, they used a 
cross-validation with the established methods such as RIA 
and HPLC-UV. Pereira et al.(88) described HPLC/MS/MS 
method to measure 3TC and AZT concentrations in human 
seminal plasma.  The procedure required small quantities of 
seminal plasma (25 μL), no radioactive material, minimal 
preparation, and short run time.  Estrela et al.(89) reported 
SPE-LC/MS/MS method for simultaneous monitoring 
of concentration profiles of 3TC and AZT in serum.  The 
method was applied to a bioequivalance trial in healthy 
volunteers and shown to be adequate and reliable. Cremieux 
et al.(90) examined steady-state pharmacokinetics of ABC, 
3TC, and AZT using HPLC method. MS/MS detection 
was used to measure 3TC and AZT in serum.  Serum 
concentration of ABC was measured with UV detection. 
Moore et al.(91) described a validated HPLC/MS/MS 
method for the simultaneous measurement of intracellular 
3TC, d4T, and AZT 5’-triphosphates in PBMCs of HIV 
patients to investigate the intracellular pharmacokinetics and 
pharmacodynamics.  Volosov et al.(92) developed a HPLC-
TMS method for the simultaneous measurement of any 
combination of 15 AIDS drugs in less than 5 min.  Marchei 
et al.(93) published a HPLC-UV method for the separation 
and simultaneous quantitation of AZT and NVP in plasma 
after SPE. Rezk et al.(94) suggested HPLC-UV method for 
the quantitative determination of NNRTIs in human plasma.

Kappelhoff et al.(95) used 100 μL of plasma sample 
for the measuring of EFV and NVP by HPLC-UV method. 
Boffito et al.(96) developed HPLC assay for the simultaneous 
determination of a wide range of concentrations of 
rifampicin and EFV in human plasma to monitor drug levels 
in HIV patients receiving EFV-containing regimens and 
rifampicin.

COnClUSIOnS

Therapeutical drug monitoring is a very useful 
approach in optimising antiretroviral treatment to avoid 
early virological failure and to preserve other therapeutic 
options for the future.  HPLC methods have been largely 
applied in pharmacokinetic studies of the ARV drugs for 
TDM purposes not only in research laboratories but also in 
hospital laboratories. 

Numerous HPLC methods have been developed for 
the analysis of ARV drugs in biological matrices. C18 
columns were most often used to separate ARVs.  The 
majority of the mobile phase consisted of a mixture of 
acetonitrile and buffer.  Isocratic or gradient elution were 
used depending on the number of ARV drugs to be analyzed. 
Before injection of samples to the chromatographic system, 
some purification methods have been used: liquid-liquid 
extraction, solid-phase extraction and protein precipitation, 
etc.  Generally, SPE is an expensive and time-consuming 

process in comparison with LLE or PP techniques.  Some 
methods include automation of the extraction procedure 
which permits the analysis of hundreds of samples in a day 
without any loss of accuracy or precision.  Internal standards 
leading to more accurate results have not been used in some 
of the assays.  UV detection was mostly preferred for the 
analysis.  However, due to potential for interference and 
reduced specificity as well as low sensitivity, UV detection 
is not the most suitable detection method.  For the analysis 
of DLV and TNF, fluorimetric detection was used because 
it has better sensitivity and selectivity than UV detection. 
In some methods, a single MS detection has been used.  In 
terms of specifity and selectivity single MS detection is 
superior to HPLC methods and the required time for analysis 
is relatively shorter.  However, it is not the most suitable 
detection method because it has a degree of specificity and 
sensitivity compared to MS/MS.  Apparently, MS/MS is 
the most suitable detection method for determining ARV 
concentrations in biological matrices. 

Several  studies suggest  that  therapeutic drug 
monitoring of ARV drugs may contribute to the management 
of treatment toxicities or virologic response in HIV infected 
patients.  Because of the growing number of antiretroviral 
drugs and drug combinations which can be administered in 
AIDS patients, developing new HPLC methods allowing 
the analysis of these drugs in biological matrices may be 
useful.  The developed methods should be convenient for 
clinical laboratories responsible for the in therapeutic drug 
monitoring for ARV drugs. 
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