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INTRODUCTION

  he use of highly active antiretroviral therapy 
	 	 (HAART)	has	shown	efficacy	in	controlling	viral	
  replication in HIV-1 infected patients since the 
2000’s. HAART reduces plasma HIV-RNA to below detec-
table limits in most cases.  However, some patients do not 
have a sustainable antiviral response due to the development 
of drug resistance. Several studies have demonstrated a 
relationship between protease inhibitors (PIs) and the non-
nucleoside reverse transcriptase inhibitors (NNRTIs) plasma 
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ABSTRACT

Objective: To develop and validate a high performance liquid chromatography (HPLC) method for simultaneous quantitative  
determination	of	five	HIV	protease	inhibitors	(PIs):	indinavir	(IDV),	lopinavir	(LPV),	nelfinavir	(NFV),	ritonavir	(RTV),	saquinavir	
(SQV),	and	two	non-nucleoside	reverse	transcriptase	inhibitors	(NNRTIs):	nevirapine	(NVP),	and	efavirenz	(EFV)	in	human	plasma.
Methods: A sample of 200 µL of plasma and an internal standard were extracted with tert-butyl methyl ether. The compounds were 
separated on a reversed-phase C18 column with gradient phase of 25 mM phosphate buffer (pH 4.9) and acetonitrile. The limit of 
quantation,	accuracy,	precision,	specificity,	stability	and	recovery	were	tested.
Results: The lower limit of quantitation for all drugs was 75 ng/mL. The standard curve was linear in the range of 75 ng/mL to 
20,000 ng/mL. Intra-day and inter-day variability ranged from 0.1% to 2.4% and 0.3% to 4.1%, respectively. Accuracy ranged from 
98.4%-102.4% for three quality controls (75, 100, and 1,000 ng/mL) for all drugs measured. The extraction        recovery ranged from 
98.7%-101.3%.
Conclusion:	This	method	provides	a	simple,	accurate,	and	precise	method	for	monitoring	of	plasma	concentrations	of	five	PIs	and	
two NNRTIs in the case of weak economy and out of date instrumental limitations.
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concentrations	and	antiviral	efficacy.	However,	ninety	percent	
of HIV positive patients use the combination of these drugs. 
In the recent experiences of treatment with the NNRTIs and 
the	PIs	around	the	world,	these	drugs	are	metabolized	by	the	
cytochrome	P450	system,	mainly	by	CYP3A4	and	CYP2D6.	
It was found that there was a high interaction when used in 
combination	with	other	agents.	For	example,	rifampicin	and	
rifabutin reduce the blood levels of the protease inhibitors and 
reduce	their	antiviral	efficacy.1-2 Therefore, the measurement 
of plasma drug concentration is necessary for this situation. 
Therapeutic	drug	monitoring	(TDM)	of	antiretroviral	drugs	
has been highly used in experimental dosage evaluation 
during the last 10 years.3-4  It is used to determine the best 
dosage regimen to reduce viral resistance with low plasma 
drug concentration and to limit the toxicity of the high plasma 
drug	concentration.	Quantification	of	antiretroviral	drugs	in	
human plasma is important to manage drug interactions and 
to evaluate the relationship between plasma concentrations 
and treatment response in future clinical research. 
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In recent years, several HPLC methods for simultaneous 
determination of antiretroviral drugs in plasma have been 
published.5-8	However,	a	simplified	 technique	 is	necessary	
for weak economy and out of date instrumental countries, 
because the general reported techniques suggest a solid-phase 
extraction and an ultraviolet detection at multi-wavelengths, 
all of which are actually not available in many routine labora-
tories. In this study, we describe a novel HPLC method with 
ultraviolet (UV) detection for quantifying the PIs and NNRTIs 
at the same time. The process of the plasma preparation uses 
a rapid liquid-liquid ether extraction and chromatography 
conditions which are more simple for detection and only 
require	a	single	wavelength,	so	they	are	cheaper.	Excellently,	
this method also requires less volume of plasma samples than 
the methods in recent literature.5-8 The results will mainly be 
applied for clinical dosage evaluation research in both adult 
and pediatric populations in the near future.

MATERIALS AND METHODS

1. Chemicals
	 Powders	 of	 nevirapine	 (NVP),	 indinavir	 (IDV),	
lopinavir	 (LPV),	nelfinavir	 (NFV),	saquinavir	 (SQV),	and	
ritonavir (RTV) were obtained from Thai Governmental 
Pharmaceutical	Organization.	Efavirenz	powder	was	obtained 
from	MERCK	 (Rahway,	NJ,	USA).	 Internal	 standard, 
carbamazepine	(IS)	was	purchased	from	Sigma	(St.	Louis,	
MO, USA). HPLC grade super gradient acetonitrile, methanol 
and tert-butyl methyl ether were purchased from LABSCAN 
(Bangkok, Thailand). NH

4
OH and hexane were purchased 

from Merck.     

2. Instruments and HPLC conditions
 The HPLC system consisted of a Waters (Milford, 
MA, USA) Alliance liquid chromatography system, which 
included	a	Model	2695	Separate	Module	and	a	Model	2487	
Dual	Wavelength	UV	detector.	The	analytical	column	was	
a	Symmetry	C18	analytical	column,	5	µm	(150	x	4.6	mm	
I.D.)	and	protected	with	a	sentry	guard	column	C18,	which	
were both from Waters (Milford, MA, USA). Separation 
was performed at 35°C using a column heater (temperature 
control system, Waters). The mobile phase consisted of 25 
mM potassium phosphate buffer (pH 4.9) and acetonitrile. 
The composition of mobile phase was 53% 25 mM potassium 
phosphate	buffer	(pH	4.9)	and	48%	acetonitrile	(vol:vol)		from	
0 to 10 minutes followed by switch to 48% 25 mM potassium 
phosphate buffer (pH 4.9) and 53% acetonitrile in a minute 
and	this	composition	was	constant	from	11	to	36	min.	(48%	
+ 53% = 101%.)Then the column was re-equilibrated for 5 
min. with the initial condition before the next injection. The 
mobile	phase	was	filtered	through	a	0.2	µM	membrane	prior	
to	use.	All	drugs	were	detected	at	212	nM.	The	flow-rate	
was 0.8 mL/min. The analysis time was set at 42 minutes per 
sample. The injection volume was 10 µL.     

3. Standard, quality control and internal standard prepa-
ration
	 The	stock	solution	of	indinavir,	 lopinavir,	nelfinavir,	
saquinavir,	ritonavir,	nevirapine	and	efavirenz	were	prepared	
at concentrations of 1 mg/mL in methanol. Ten milligrams 
of	each	analyzed	drug	was	dissolved	in	a	10	mL volumetric 
flask	to	give	a	1	mg/mL	drug	concentration.
	 For	preparation	of	a	standard	curve,	each	standard	stock	
solution was serially 10 fold diluted in 50% methanol to a 
final	concentration	of	10	µg/mL.	The	standard	curve	covering	
the concentration ranges between 75 and 20,000 ng/mL (75, 

150, 300, 1,000, 4,000, and 20,000 ng/mL) were prepared 
by adding appropriate volumes of these diluted solutions to 
200 µL of drug free human plasma. The quality control (QC) 
samples in the concentration of 75, 150, and 1,000 ng/mL were 
prepared in the same way with standard curve preparation.
	 A	1	mg/mL	stock	solution	of	carbamazepine	(internal	
standard)	was	prepared	in	methanol	and	further	diluted	1:10	in	
50% methanol to give a 100 µg/mL working solution. Stocks 
and working solutions of all drugs and internal standards were 
aliquots and stored at -20°C until used. 

4. Sample extraction 
 A 200 µL of plasma (blank plasma, standard and QC 
standard) were added to 10 ml glass tubes as well as one tube 
of drug free plasma (blank). Ten µL of 100 µg/mL internal 
standard	solution	was	added	to	all	tubes.	Five	mL	of	tert-butyl	
methyl	ether	was	added	to	all	tubes	and	stacked	horizontally	
for 10 min. followed by centrifuging at 5,000 rpm for 10 min. 
The organic layer was separated in a new tube and evaporated 
to dryness under a gentle stream of nitrogen at 42°C. The 
residue was diluted in 300 µL of mobile phase followed by 
adding	3	mL	of	hexane.	The	samples	were	shaken	horizon-
tally for 10 min. follow by centrifuging at 5,000 rpm for 10 
minutes and 10 µL of the solution was injected for analysis.   

5. Extraction recovery
	 Extraction	recoveries	were	measured	in	triplicate	at	the	
75, 150, and 1,000 ng/mL by comparing the amount of all 
drugs of interest from extracted standard sample with non-
extracted standard sample at these same levels. 

6. Accuracy and precision
 Accuracy, intraday and interday precision for each 
drug	were	determined	by	analyzing	5	replicate	QC	samples	
at three different concentrations (75, 150, and 1,000 ng/mL) 
for 3 separate days. 

7. Selectivity
 Selectivity was determined by comparing the chro-
matogram of spiked plasma with blank plasma to ensure that 
no interfering peaks were found in the chromatogram of the 
drugs of interest and IS.

8. Stability
	 Stability	 testing	was	determined	by	 analyzing	QC	
samples under various conditions. The QC samples at 75, 150 
and 1,000 ng/mL of the drugs of interest were separated into 3 
sets.	The	first	set	was	heated	at	56°C	for	30	min.	to	inactivate	
the	HIV.	The	second	set	was	subjected	to	3	freeze-thaw	cycles	
and the third set was stored at room temperature for 24 hrs. 
Each	QC	sample	was	analyzed	by	comparing	with	the	same	
concentration of freshly thawed QC samples.   

9. Standard curve and statistical analysis
	 In	this	study,	EmpowerPro	software	(Water,	Milford,	
MA, USA) was used to generate the standard curve by plotting 
the areas under the curve ratio of the drugs of interest/internal 
standard of extracted spiked plasma    versus various concen-
trations	of	the	drugs	of	interest.	The	correlation	coefficients	
and	coefficient	variations	(CV%)	in	percent	were	evaluated	in	
this	study.	Finally,	the	values	from	the	linear	regression	were	
used for calculation of the drugs of interest concentrations in 
the samples from their areas under curve ratios.    



Siriraj Med J, Volume 64, Number 1, January-February 2012 3

RESULTS

 The chromatogram of drug free plasma and spiked 
plasma	with	internal	standard	have	been	shown	in	Fig	1.	The	
spike of other chromatograms are different in height, which 
are related to their different concentrations. Then, we used 150 
ng/ml	for	clear	demonstration	in	Fig	1.	The	assay	run	time	was	
42	minutes.	The	mean	retention	times	were	4.56,	6.43,	8.09,	
17.28,	22.55,	25.18,	26.93	and	35.81	minutes	for	nevirapine	
(NVP),	 internal	 standard	 (IS),	 indinavir	 (IDV),	 saquinavir	
(SQV),	ritonavir	(RTV),	lopinavir	(LPV),	efavirenz	(EFV)	and	
nelfinavir	(NFV),	respectively.	At	a	detection	wavelength	of	
212 nm, assays performed on drug-free human plasma have 
no presence of any interfering peaks at the retention times of 
the	interes-ted	drugs	and	internal	standard	(Fig	1A).	These	
results indicated that the established conditions were valid 
when measuring these drugs simultaneously. 
 The standard curve in human plasma ranging from 75 
to	20,000	ng/mL	for	all	drugs	were	analyzed	for	each	run.	
A least-squares linear regression was used to calculate the 
equation relating the peak-area ratio between the drugs of 
interest/IS and the concentration of the drugs of interest. The 
standard curves were linear in the range of 75 to 20,000 ng/
mL	for	all	drugs.	The	correlation	coefficients	were	higher	
than	0.99	(CV	<10%).	The	limit	of	detection	(LOD)	of	this	
assay was the same as the lower limit of quantitation (LOQ) 
(75 ng/mL).
 Intra-day and inter-day precision data for plasma analysis 
of the drugs of interest were evaluated over the range of 75-
1,000 ng/mL. Precision, accuracy, and extraction recovery of 

our HPLC method have been shown in Table 1. All variability 
has been expressed as CV%. The CVs calculated for NVP in 
the intra-day and inter-day assays ranged from 0.18% to 0.53% 
and	0.50%	to	2.47%,	respectively.	In	IDV,	CVs	ranged	from	
0.26%	to	0.83%	and	0.54%	to	3.64%,	and	in	SQV,	CVs	ranged	
from	0.11%	to	1.23%	and	0.46%	to	3.67%.	For	RTV,	CVs	
ranged	from	0.12%	to	2.44%	and	0.46%	to	3.55%,	In	LPV,	
CVs ranged from 0.18% to 1.72% and 0.54% to 3.42%. In 
EFV,	CVs	ranged	from	0.09%	to	0.7%	and	0.45%	to	3.69%,	
while	in	NFV,	CVs	ranged	from	0.15%	to	1.50%	and	0.32%	
to 4.12%. 
 Accuracies ranged from 99.9% to 100.8%, 99.1% to 
100.4%, 99.8% to 100.2%, 100.2% to 102.4%, 100.3% to 
102.2%, 99.8% to 100.5%, and 98.4% to 100.1% for NVP, 
IDV,	SQV,	RTV,	LPV,	EFV	and	NFV,	respectively.
	 Drug	recoveries	 from	plasma	ranged	 from	99.5%	to	
100.3%, 99.8% to 100.1%, 99.7% to 100%, 100% to 101.3%, 
100.2% to 100.8%, 99.8% to 100.3%, 98.7% to 100.7% and 
99.5%	to	101%	for	NVP,	IDV,	SQV,	RTV,	LPV,	EFV,	NFV	
and IS respectively.
 The stability of all drugs under various conditions 
at three concentrations of QC standard has been shown in 
Table 2. All the assayed antiretroviral drugs were stable 
for	24	hours	at	room	temperature	and	for	heating	at	56°C	for	
30 min. No degradation was observed at -20°C after three 
freeze-thaw	cycles.	At	 least	96%	of	 the	 initial	 concentra-
tions were recovered. Therefore, all of these analyses were 
considered to be stable in the tested conditions.   

Fig 1.	Representative	Chromatograms	of	(A)	blank	plasma;	(B)	a	150	ng/mL	of	all	study	drugs.	NVP:	nevirapine;	IS:	internal	standard;	
IDV:	indinavir;	SQV:	saquinavir;	RTV:	ritonavir;	LPV:	lopinavir;	EFV:	efavirenz;	NFV:	nelfinavir.

(A)

(B)
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CONCLUSION

 In conclusion, this HPLC method was prepared by the 
common	and	effective	instruments	that	we	can	find	in	the	low	
and middle economy countries. The process of HPLC has 
been developed by the conception of liquid-liquid extraction 
instead of solid-phase extraction which is more expensive. 
In this HPLC method, the column in this study was chosen 
by the multi-purpose quality. The limitation of the substance 
and internal standard were corrected by using the original 
substances	which	were	contributed	in	Thailand	by	the	certified	
companies	and	Thai	Governmental	Pharmaceutical	Organiza-
tion. This method has been completely validated with respect 
to precision, accuracy, stability, LOQ, recovery and linea-rity. 
The quality of the study was determined by inter-day and intra-
day report. The stability and effectiveness of the method were 
reported by QC study and drug recoveries with more than 90 
percent in every different condition. Comparison with the other 
published study in the HPLC method, our HPLC-UV method 
can determine the common dose of the NNRTIs and the PIs 
with	recommended	AIDS-regimens	for	the	third	world.	More-
over, this method has more advantages than the previously 
reported methods9-14 in cost of column, sample preparations, 
simple	technique	and	very	efficient	outcome	chromatograms.	
The reason for using the rapid liquid-liquid extraction was 
the	more	flexible	technique	and	it	was	less	expensive	than	
the expensive and complicated solid-phase extraction. The 
less time running the process in the solid-phase method (15 

             Intra-day (n=5)            Inter-day (n=15)
Drugs Expected                   Accuracy       Recovery
 (ng/mL)     Measured  CV      Measured  CV (%)    (%) 
        (ng/mL)  (%)       (ng/mL)  (%)
NVP	 	 75	 	 		74.04	±	0.39	 0.53	 	 74.04	±	1.74	 2.36	 	99.87	 	99.52	
	 	 150	 	 	150.44	±	1.29	 0.86	 	 150.44	±	3.72	 2.47	 100.77	 100.29
	 	1000	 	1000.06	±	1.80	 0.18	 	1000.06	±	4.97	 0.50	 100.06	 100.01
IDV	 	 75		 	 74.82	±	0.58	 0.76	 	 74.82	±	2.73	 3.64	 	99.13	 	99.76
  150   150.08 ± 1.24 0.83  150.08 ± 3.05 2.03  99.85 100.05
	 	1000		 1000.79	±	2.5	6	 0.26	 	1000.79	±	5.34	 0.54	 100.37	 100.08
SQV	 	 75		 	 74.75	±	0.92	 1.23	 	 74.75	±	2.75	 3.67	 100.20	 	99.67
	 	 150		 	 149.88	±	0.46	 0.31	 	 149.88	±	2.22	 1.48	 	99.79	 	99.92
	 	1000			 	 999.72	±	1.11	 0.11	 	 999.72	±	4.56	 0.46	 	99.96	 	99.97
RTV	 	 75		 	 75.03	±	1.83	 2.44	 	 75.03	±	2.66	 3.55	 102.37	 100.04
	 	 150		 	 151.90	±	1.16	 0.76	 	 151.90	±	3.76	 2.47	 101.21	 101.27
	 	1000		 	1000.94	±	1.18	 0.12	 	1000.94	±	4.63	 0.46	 100.18	 100.09
LPV	 	 75		 	 75.63	±	1.30	 1.72	 	 75.63	±	2.59	 3.42	 102.19	 100.84
	 	 150		 	 151.17	±	1.46	 0.97	 	 151.17	±	3.16	 2.09	 101.22	 100.78
	 	1000		 	1001.76	±	1.76	 0.18	 	1001.76	±	5.44	 0.54	 100.29	 100.18
EFV	 	 75		 	 74.82	±	0.52	 0.70	 	 74.82	±	2.76	 3.69	 		99.8	 	99.76
  150   150.38 ± 0.13 0.09  150.38 ± 3.18 2.11 100.29 100.25
	 	1000		 	1002.10	±	2.47	 0.25	 	1002.10	±	4.51	 0.45	 100.46	 100.21
NFV	 	 75		 	 74.64	±	1.12	 1.50	 	 74.64	±	3.07	 4.12	 	98.41	 	98.72
	 	 150		 	 151.11	±	1.75	 1.16	 	 151.11	±	3.54	 2.34	 	99.43	 100.74
  1000   999.48 ± 1.51 0.15  999.48 ± 3.20 0.32 100.11  99.95

TABLE 1.	Intra-day	and	Inter-day	Precision	and	Accuracy	for	Five	PIs	and	Two	NNRTIs.

NVP:	Nevirapine,		IDV:		Indinavir,	SQV:		Saquinavir,	RTV	:	Ritonavir,	LPV:	Lopinavir,		EFV:	Efavirenz,	NFV:	Nelfinavir

minutes) is the only advantage over this method (45 minutes) 
in the same column. Mostly, the advantage in this method was 
the amount of blood sample which required only 200 µL of 
plasma for one analysis compared to more than 500 µL in 
other reports. This small amount of blood sample makes it 
applicable	for	pediatric	populations	as	well.	Finally,	we	have	
shown that our HPLC method is the sensitive, accurate, and 
precise method for monitoring the plasma concentrations 
of antiretroviral drugs in both pediatric and adult patients. 
From	the	data	in	the	Handbook	of	Drug	Monitoring	Methods:	 
Nevirapine’s therapeutic level is between 3-20 mg/L, Indinavir 
is 0.1-10 mg/L, Saquinavir is 0.015-0.5 mg/L, Ritonavir is 
1-14	mg/L,	Lopinaivir	is	5.5-15	mg/L,	Efavirenz	is	1-4	mg/L	
and	Nelfinavir	is	1-4	mg/L.15 Since this method has detected 
that the antiretroviral drugs levels are effective as low as 75 
ng/ml (0.075 mg/L), it can cover the most common plasma 
levels of the antiretroviral drugs. Hopefully, this method 
will be used for evaluating the relationship between plasma 
levels, dosage and clinical response in HIV patients in study 
in the near future.
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Drugs Concentration Conditions       Recovery (%) CV (%) 
 (ng/mL)   
Nevirapine	 		75	 Heat	at	56ºC	 	99.51	 0.85	
  24 hours at room temperature 102.40 0.94
		 	 3	freeze-thaw	cycles	 	99.436	 2.73
	 	150	 Heat	at	56ºC	 102.67	 1.30
	 	 24	hours	at	room	temperature																	 	99.33	 0.67
		 	 3	freeze-thaw	cycles	 	98.67	 1.79
	 1,000	 Heat	at	56ºC	 	99.74	 0.46
	 	 24	hours	at	room	temperature	 	99.60	 0.28
		 	 3	freeze-thaw	cycles	 	99.85	 0.34	
Indinavir	 		75	 Heat	at	56ºC	 	99.51	 2.12
  24 hours at room temperature  99.91 1.34
		 	 3	freeze-thaw	cycles	 	96.79	 2.69
	 	150	 Heat	at	56ºC	 102.44	 2.09
  24 hours at room temperature 100.89 1.53
		 	 3	freeze-thaw	cycles	 	99.11	 2.06
	 	100	 Heat	at	56ºC	 	99.37	 0.35
  24 hours at room temperature 100.13 0.42
		 	 3	freeze-thaw	cycles	 	99.67	 0.37
Saquinavir	 		75	 Heat	at	56ºC	 	99.82	 1.61
  24 hours at room temperature 100.84 2.09
		 	 3	freeze-thaw	cycles	 	98.16	 0.73
	 	150	 Heat	at	56ºC	 102.44	 0.75
	 	 24	hours	at	room	temperature	 101.56	 2.01
		 	 3	freeze-thaw	cycles	 	97.56	 2.20
	 	100	 Heat	at	56ºC	 	99.87	 0.25
  24 hours at room temperature 100.08 0.24
		 	 3	freeze-thaw	cycles	 	99.58	 0.33
Ritonavir	 		75	 Heat	at	56ºC	 	99.87	 1.54
  24 hours at room temperature  97.47 3.72
		 	 3	freeze-thaw	cycles	 100.51	 1.18
	 	150	 Heat	at	56ºC	 101.78	 2.65
  24 hours at room temperature 100.89 1.38
		 	 3	freeze-thaw	cycles	 	96.29	 1.48
	 1000	 Heat	at	56ºC	 	99.87	 0.38
  24 hours at room temperature 100.09 0.22
		 	 3	freeze-thaw	cycles	 	99.84	 0.47
Lopinavir	 		75	 Heat	at	56ºC	 	99.24	 4.86
  24 hours at room temperature 100.70 2.25
		 	 3	freeze-thaw	cycles																										 	97.32	 3.60
	 	150	 Heat	at	56ºC	 101.78	 2.00
	 	 24	hours	at	room	temperature	 100.00	 1.16
		 	 3	freeze-thaw	cycles	 	99.33	 0.67
	 1000	 Heat	at	56ºC	 	99.26	 0.17
	 	 24	hours	at	room	temperature	 	99.96	 0.32
		 	 3	freeze-thaw	cycles	 	99.84	 0.47
Efavirenz	 		75	 Heat	at	56ºC	 	98.58	 3.73	
  24 hours at room temperature  98.57 1.50
		 	 3	freeze-thaw	cycles	 	97.73	 1.53	
	 	150	 Heat	at	56ºC	 102.89	 0.37
	 	 24	hours	at	room	temperature	 	99.56	 1.39
		 	 3	freeze-thaw	cycles																													96.44	 1.44
	 1000	 Heat	at	56ºC	 	99.46	 0.30
	 	 24	hours	at	room	temperature	 	99.96	 0.41
		 	 3	freeze-thaw	cycles	 	99.52	 0.25
Nelfinavir	 		75	 Heat	at	56ºC	 	99.47	 2.64
  24 hours at room temperature  99.01 0.88
		 	 3	freeze-thaw	cycles	 	96.68	 3.02
	 	150	 Heat	at	56ºC	 102.44	 0.99
	 	 24	hours	at	room	temperature	 101.56	 1.37
		 	 3	freeze-thaw	cycles	 100.04	 0.32
	 1000	 Heat	at	56ºC	 	99.44	 0.44
  24 hours at room temperature 100.04 0.32
		 	 3	freeze-thaw	cycles	 	99.70	 0.03

TABLE 2. Stability for the 5 PIs and 2 NNRTIs in drug free plasma.
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