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Abstract

The measurement of antiretroviral concentrations in hair is emerging as an important technology to objectively
quantify adherence to combination antiretroviral therapy. Hair levels of antiretrovirals are the strongest independent
predictor of virologic success in large prospective cohorts of HIV-infected patients and surpass self-report in pre-
dicting outcomes. Hair is easy to collect and store, but validated methods to analyze antiretroviral levels in hair using
liquid chromatography tandem mass spectrometry (LC-MS/MS) are expensive. We report here on the development
of a thin-layer chromatography (TLC) assay for the semiquantitative analysis of nevirapine in hair. TLC assay results
from 11 samples were consistent with results using LC-MS/MS [Spearman correlation coefficient 0.99 (95% CI 0.95–
0.996)]. This simple, low-cost method of analyzing nevirapine concentrations in hair may provide a novel monitoring
tool for antiretroviral adherence in resource-limited settings and merits further study in clinical settings.

Adherence to antiretroviral (ARV) therapy is essen-
tial for the realization of virologic, immunologic, and

clinical benefits, but the limitations of self-report and other
commonly used adherence measures are well-described.1 The
measurement of ARV concentrations in hair as a biological
measure of adherence is emerging as an important technol-
ogy to objectively quantify adherence to combination anti-
retroviral therapy (cART).2 Hair levels of ARVs are the
strongest independent predictor of virologic success in large
prospective cohorts of HIV-infected patients,3–6 and surpass
self-report in predicting outcomes.3 Moreover, hair levels can
serve as a measure of exposure to maternal ARVs in infants
during pregnancy and breastfeeding.7

Since drugs accumulate in hair over prolonged periods,8, 8a

a single measurement of an ARV in a hair sample provides a
longer-term measure of adherence than a single plasma level,
which captures only short-term use.9–13 Nevirapine (NVP) is
widely prescribed in cART regimens for the treatment of HIV-
infected adults and children in global settings,14 and plays a
role in worldwide perinatal transmission prevention. A low-
cost testing method for analyzing NVP levels in small hair
samples that could be performed in local laboratories would
therefore be useful for monitoring adherence to NVP-based
regimens in resource-limited settings.

Hair samples are simple and inexpensive to collect and can
be stored at room temperature prior to analysis. Unlike
phlebotomy, hair collection is noninvasive and does not re-
quire specific skills or sterile equipment. These features pro-
vide obvious cost and feasibility advantages for hair collection
and storage, over plasma but validated methods of analyzing
ARV levels in hair samples use liquid chromatography/tan-
dem mass spectrometry (LC-MS/MS).15,16 The LC-MS/MS
method for analyzing NVP in hair samples is highly sensi-
tive,16 but the equipment required is expensive, limiting its
suitability in resource-limited settings. In contrast, thin-layer
chromatography (TLC) is a simple and inexpensive analytical
tool that has been used for the detection of NVP concentra-
tions in fixed-dose combination tablets, human plasma, sa-
liva, and umbilical cord blood.17–20 We report on the
development of a low-cost method to analyze NVP in human
hair samples using TLC.

Nevirapine hemihydrate, nevirapine-D5, atazanavir, efa-
virenz, emtricitabine, lamivudine, raltegravir, ritonavir, sta-
vudine, tenofovir, and zidovudine, along with organic
solvents, were obtained from relevant commercial laborato-
ries. Drug-free blank human hair samples were obtained from
six HIV-noninfected volunteers. The positive control hair
samples were obtained from five patients with HIV infection
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who were on NVP-based treatment (Table 1). Collection of hair
from these five treated individuals was performed as part of a
larger protocol where heads were shaved from treated indi-
viduals to develop assays for analyzing ARV levels in hair from
2006 to 2011; the protocol was approved by the Institutional
Review Board of the University of California, San Francisco
(UCSF). High-performance TLC plates were Silica gel 60 F254

(Merck KGaA, Germany) and an ultraviolet (UV) lamp for
viewing the TLC plates was obtained from CAMAG (Chemie-
Erzeugnisse & Adsorptionstechnik AG & Co., Germany).

Human hair samples were cut to about 1- to 3-mm seg-
ments with scissors. Approximately 20 mg of each cut hair
sample was weighed and placed into a glass test tube
(16 · 125 mm). Two milliliters of methanol/trifluoroacetic
acid (9/1) solution was added and the sample was incubated
at 37�C overnight ( > 12 h) in a shaking water bath. The or-
ganic solvent was then evaporated to dryness by nitrogen gas.
Extracted NVP was further cleaned up by liquid–liquid (liq-
liq) extraction as described previously.16 Briefly, 0.50 ml of
0.20 M sodium phosphate buffer (pH 9.4) was added and the
sample was vortexed for 30 s. Three milliliters of methyl
t-butyl ether/ethyl acetate (1:1) was then added and the
mixture was vortexed three times, each for 1 min. The liquid
sample was then centrifuged at 3,000 rpm for 10 min and the
sample was frozen in a dry ice/methanol bath prior to
transfer of the supernatant to a fresh test tube (13 · 100 mm).
Fifty microliters of 1% trifluoroacetic acid in methanol was
then added and the sample was evaporated to dryness by
nitrogen gas.

The liq-liq cleaned-up sample was then mixed with 200 ll
of methanol, transferred to a small test tube (10 · 75 mm),
evaporated by nitrogen gas again, and reconstituted with
10 ll of methanol. A total of 4 ll of the solution was blotted
onto TLC plates for analysis. A series of standard samples was
generated for use as negative and positive controls in the TLC
assays. Blank hair samples were ‘‘spiked’’ with different
concentrations of NVP solution (ranging from 0 lg/ml to
12 lg/ml to 400 lg/ml) to achieve standard hair samples
ranging from 0 ng/mg to 200 ng/mg.

TLC plates (10 · 10 mm high performance TLC plate) were
marked using a soft lead pencil with an origin line 2 cm from
the base of the plate. All samples were spotted with 1 ll of the
extracted sample at a time using a micropipette, allowing each
microliter to dry before spotting the next microliter (for a total
of 4 ll applied to each plate). The plate was then air dried and
developed in toluene/ethyl acetate (1:1) containing 0.4% tri-
fluoroacetic acid for 10 min in a covered TLC tank. The solvent

front was marked with a soft lead pencil and the plate was
subsequently air dried. The drug spot was visualized under
UV light at a wavelength of 254 nm. NVP concentrations in
hair samples as estimated under TLC conditions were com-
pared to concentrations derived from LC-MS/MS measure-
ments for the 11 hair samples (six blank and five from patients
on NVP-containing cART) by calculating Spearman correla-
tion coefficients with 95% confidence intervals (CIs).

Six drug-free blank human hair samples from HIV-
noninfected volunteers were used for specificity testing. Three
concentrations of NVP in hair samples (6, 10, and 25 ng/mg
hair) were used for testing the detection limit of NVP con-
centrations in hair via TLC. For each extracted sample tested
via TLC, a retention factor (Rf) was calculated for each spot.
The Rf values were calculated by dividing the distance from
the origin to the sample spot for each extracted sample by the
distance from the origin to the solvent front. No endogenous
interference from the TLC testing of the blank hair samples
was detected at the same Rf as the NVP spot, indicating se-
lective detection of NVP in hair. The estimated semiquanti-
tative limit of detection for NVP in human hair samples via
TLC was 10 ng/mg hair.

The commonly used antiretroviral medications of em-
tricitabine, lamivudine, ritonavir, tenofovir, zidovudine, efa-
virenz, atazanavir, stavudine, and raltegravir were tested for
potential interference with the NVP TLC assay. The above
drugs at 200 ng/ll in pure solution were tested for Rf values in
the TLC system. The Rf of each tested drug was as follows:

Table 1. Comparison of Hair Concentrations of Nevirapine Analyzed by Thin-Layer Chromatography

and by Liquid Chromatography/Tandem Mass Spectrometry Methods in Five HIV-Infected Patients

on Nevirapine-Based Therapy

Sample ID

Antiretrovirals
coadministered

with NVP

Semiquantitative concentration
of NVP with the TLC
method (ng/mg hair)

Concentration of NVP
with the LC-MS/MS
method (ng/mg hair)

1 Tenofovir, emtricitabine 10–25 21.7
2 Tenofovir, emtricitabine 25–50 33.4
3 Atazanavir/ritonavir; lamivudine, tenofovir 10–25 16.3
4 Atazanavir/ritonavir; tenofovir 25–50 43.9
5 Stavudine, lamivudine 25–50 44.2

NVP, nevirapine; TLC, thin-layer chromatography; LC-MS/MS, liquid chromatogrpahy/tandem mass spectrometry.

FIG. 1. Thin-layer chromatography (TLC) plate assays for
the detection of nevirapine (NVP) in hair from five HIV-
infected patients on NVP-containing regimens and standard
samples across a wide range.
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emtricitabine, 0.04; lamivudine, 0.02; ritonavir, 0.02; tenofo-
vir, < 0.01; zidovudine, 0.12; efavirenz, 0.70; atazanavir, 0.11;
stavudine, 0.04; and raltegravir, 0.02. The Rf of NVP in the
system was 0.30. The above nine antiretroviral medications
were also spiked into blank hair at 100 ng/mg, then extracted
in the same manner as NVP, and analyzed via the above-
described TLC method. None of these medications was found
to show interference with the detection of NVP in the system.

To test the range of the TLC assay to detect NVP in hair, the
standard samples described above were tested in the system.
The density of each NVP spot on the TLC plates as estimated
semiquantitatively was proportional to its concentration in
hair samples from 10 ng/mg to 200 ng/mg (Fig. 1), indicating
detection of NVP in hair samples using TLC across a wide
range. As depicted in Fig. 1, NVP could be detected in all five
human hair samples from patients on NVP-containing cART
(ID numbers: 1, 2, 3, 4, and 5). The semiquantitative concen-
trations are summarized in Table 1. Of note, imaging pro-
cessing applications such as image J� provided free of charge
by the National Institutes of Health (http://rsbweb.nih.gov/
ij/) can provide semiquantitative concentrations from gel
bands using optical density calibration. The NVP concentra-
tions in these samples as analyzed by the validated LC-MS/
MS method are also shown in Table 1. The Spearman corre-
lation coefficient (r) for the TLC hair assay versus the LC-MS/
MS assay in the 11 hair samples (five patients samples and six
blank) was 0.99 (95% CI 0.95–0.996).

In conclusion, this article describes briefly a simple and
specific method for the detection of NVP in small hair sam-
ples using thin-layer chromatography. When compared to
the validated method of analyzing NVP concentrations in
hair samples using LC-MS/MS, the semiquantitative results
using TLC showed strong correlations with results using
more expensive equipment. The method was specific and no
endogenous substances or commonly used antiretrovirals
interfered with the NVP TLC detection method. Moreover,
the distinct Rf values for other commonly used anti-
retrovirals in global settings, such as efavirenz (Rf 0.70),
suggests that TLC assays for other agents could be devel-
oped as inexpensive monitoring tools for adherence using
similar methods. Given the limited availability of second
and third line regimens to treat HIV in the global setting,
assessing adherence to initial nonnucleoside reverse tran-
scriptase inhibitor (NNRTI)-based regimens using a phar-
macologic biomarker could allow for adherence counseling
and closer monitoring to hopefully optimize the duration of
first-line cART. This simple, inexpensive assay for the
semiquantitative determination of NVP in human hair
samples mandates further study as a monitoring tool for
adherence in resource-limited settings.
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