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Abstract
Measurement of drug concentrations in hair provides a non-invasive approach to assess drug adherence. Here, we report on the
development and validation of a method for the quantification of the antiretroviral dolutegravir (DTG) extracted from human hair.
DTG is extracted from hair samples by sonication and incubation in 50:50 methanol:acetonitrile with 2% formic acid overnight at
40 °C. Following extraction, samples are analyzed by reverse-phase chromatography on a Waters Atlantis T3 (50 × 2.1 mm,
3-μm particle size) column with subsequent detection by electrospray ionization in positive ion mode on an AB Sciex API-5000
triple quadrupole mass spectrometer. The stable, isotopically labeled 13C,d5-DTG is used as an internal standard in the assay. The
calibration range is 5–10,000 pg DTG/mL of extraction solvent with the ability to extract between 1 and 10 mg of hair/mL of
extraction solvent. The assay was linear, accurate (inter-assay%bias within ± 6.5%), and precise (inter-assay%CV ≤ 10.3%). The
assay was successfully used to analyze clinical samples from subjects on DTG regimens. Analysis of clinical samples suggested
the potential presence of a degradation product, which was subsequently confirmed to occur with exposure to sunlight. The
degradation of DTG could complicate absolute interpretation of clinical results, but the presence of this degradation product is
easily evaluated with this assay to aid in data interpretation.
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Introduction

Over the last 20 years, antiretrovirals have advanced to once-
daily single-tablet regimens that can suppress viral replication
for many years. Yet, less than perfect adherence to these treat-
ment regimens has been associatedwith suboptimal HIV treat-
ment outcomes and can lead to eventual acquisition of drug
resistance and treatment failure [1]. While HIV viral load pro-
vides a biological measure of adherence, by the time waning
adherence is identified by increasing plasma HIV RNA, viral

drug resistance may have already developed. Since class re-
sistance is common among low genetic barrier agents like
non-nucleoside reverse transcriptase inhibitors (NNRTIs)
and integrase strand transfer inhibitors (INSTIs), failure of a
single regimen can severely limit future treatment options [2].

Measuring antiretroviral concentrations by plasma or dried
blood spots (DBS) provides an alternative biological measure
of adherence that can identify waning adherence early and
facilitate clinical response before treatment failure [2, 3].
However, interpreting plasma concentrations of antiretrovirals
with short plasma half-lives such as raltegravir and lopinavir
only provides information about recent dosing and is subject
to white coat adherence (where a clinical event such as a
doctor or clinical study visit prompts drug administration)
[4]. Additionally, collecting plasma requires specialized in-
strumentation and freezer storage capacity that limits its utility
in resource-limited settings. DBS address some of these lim-
itations by allowing for the quantification of nucleoside re-
verse transcriptase inhibitor (NRTI)-active metabolites that
have relatively long half-lives (ranging from 16 to 112 h)
[5]. While sample processing is minimal, DBS still require
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freezer storage to prevent degradation [6] and have not been
explored for NRTI sparing regimens [3].

In light of current limitations in pharmacologic assessment
of adherence, hair has been explored as an adherence record
that can span months, requires minimal sample processing,
and allows for room temperature storage. High concentrations
of protease inhibitors (atazanavir and lopinavir) and NNRTIs
(nevirapine) in hair have been shown to correlate with viro-
logic suppression [7–9]. Over the past 2–3 years, dolutegravir
(DTG) has become one of the most prescribed drugs for HIV
infection, due to potency, limited side effects, and co-
formulation with other antiretrovirals. This drug is being used
in combination with other antiretrovirals for the treatment of
HIV, typically as 50 mg once daily. Herein, we report the first
LC-MS/MSmethod to measure the INSTI dolutegravir in hair
as a novel measure of long-term exposure.

Materials and methods

Materials

DTG was purchased from MedChemExpress (Monmouth
Junction, NJ, USA) and the stable isotopically labeled internal
standard 13C, d5-DTG (DTG-IS) was synthesized by
ALSACHIM (Illkirch Graffenstaden, France). Acetonitrile
(HPLC grade), methanol (HPLC grade), dimethyl sulfoxide
(DMSO; certified grade), and formic acid (certified ACS,
88%) were purchased from Fisher Scientific (Fair Lawn, NJ,
USA). Water was purified by a Hydro Picosystem® UV Plus
(Durham, NC, USA). Drug-free human hair was acquired
from BioreclamationIVT (Westbury, NY, USA). Clinical hair
samples from three de-identified subjects on DTG-containing
regimens were used for method development. These hair sam-
ples were obtained from participants in the Women’s
Interagency HIV Study (WIHS), which is the largest and lon-
gest ongoing multi-ethnic cohort of HIV-infected women in
the U.S. (NCT00000797) (https://www.nichd.nih.gov/
research/supported/WIHS).

Extraction from hair

Hair samples were cut into small pieces (1–2 mm) using scis-
sors and transferred into 8-mL class A borosilicate glass vials
(Fisher Scientific, Fair Lawn, NJ, USA). The hair was
weighed on a Mettler Toledo XS-205DU balance
(Columbus, OH, USA) to allow for unit conversion to ng/
mg hair. Extraction solvent (50:50 methanol:acetonitrile with
2% formic acid) was added to each vial. The volume of sol-
vent added varied from 1 to 5 mL depending on the mass of
hair extracted as follows: 1–2 mg hair (1 mL of solvent), 2–
3 mg hair (2 mL of solvent), 3–4 mg of hair (3 mL of solvent),
4–5 mg of hair (4 mL of solvent), and samples > 5 mg of hair

(5 mL of solvent). The samples were then sonicated for 1 h,
and incubated overnight (approximately 19 h) in a Thermo
Scientific Precision SWB15 reciprocal shaking bath
(Waltham, MA, USA) at 40 °C and a speed of 80 rpm.

Following incubation, 250 μL of the sample was mixed
with 50 μL of internal standard solution (DTG-IS at 5 ng/
mL in 50:50 methanol:water). The samples were vortexed
for approximately 5 min on a Vortex Genie 2 (Scientific
Industries, Bohemia, NY, USA) and centrifuged at room tem-
perature for 5 min at 13.2 rcf (Eppendorf 5415R, Hauppauge,
NY, USA). The resulting supernatant was evaporated to dry-
ness under a gentle stream of nitrogen at 50 °C for 50 min
using a Biotage TurboVap LV (Charlotte, NC, USA). The
dried extracts were reconstituted with 100 μL of 70:30
water:methanol prior to LC-MS/MS analysis.

LC-MS/MS conditions

A Shimadzu Prominence HPLC system including pumps (LC-
20 AD), degasser (DGU-20A), and controller (CBM-20A) were
supplied from Shimadzu (Columbia, MD, USA). A Waters
Atlantis T3 (50 × 2.1 mm, 3-μm particle size) column was used
under reverse-phase conditions with 0.1% formic acid in water
(mobile phase A) and 0.1% formic acid in acetonitrile (mobile
phase B) with a flow rate of 0.450 mL/min. The column heater
(CTO-20A) was set at 40 °C, and the autosampler (SIL-20AC/
HT) was maintained at 15 °C. The injection volume was 5 μL.
The LC gradient was maintained at 35% B for 0.25 min and
increased to 95% B at 2.25 min and held until 2.75 min. The
gradient reverted back to the starting condition of 35% B at
2.80 min and held for a total run time of 4.00 min.

An API-5000 triple quadrupole mass spectrometer
(SCIEX, Foster City, CA, USA) operated in positive ion
TurboIonspray mode was used to acquire data. Multiple reac-
tion monitoring (MRM) was used to detect the analyte [pre-
cursor/product] transitions (m/z) as follows: DTG [420/277]
and DTG-IS [426/277]. The source temperature was 450 °C
and the ion spray voltage (ISV) was 5500 V. The declustering
potential (DP) was 120 Vwith a collision energy (CE) of 37 V
for the method analyte and internal standard.

Linear regression of concentration (x) versus peak area ratio of
compound to internal standard (y) using a 1 (x2) weighting was
used with Sciex Analyst software (version 1.6.2).

Method validation

Preparation of calibration standards and quality
control samples

Blank hair supernatant was prepared by adding 5 mL of hair
extraction solvent (50:50 methanol:acetonitrile with 2%
formic acid) to multiple glass vials each containing 20–
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50 mg of drug-free hair. The vials were sonicated for 1 h and
then incubated overnight (water bath temperature 40 °C, shak-
er speed 80 rpm). Following incubation, the contents of all of
the vials were mixed together and stored at 4 °C. This pooled
supernatant was used to generate the calibration standard and
quality control (QC) samples.

DTG stock solutions were prepared in duplicate at 1 mg/
mL in DMSO. One stock solution was used to prepare cali-
bration standards and the second stock solution was used to
prepare QC samples. A set of calibration standard spiking
solutions was prepared at 0.1, 0.2, 0.5, 2, 5, 20, 50, 170, and
200 ng/mL, and a set of QC spiking solutions was prepared at
0.1, 0.3, 6, and 160 ng/mL in 50:50 acetonitrile:water. Stock
solutions and spiking solutions were stored at − 80 °C.

Calibration standards and QC samples were prepared fresh
daily by diluting the appropriate spiking solutions 20-fold
with the blank hair supernatant. The concentrations of the
resulting calibration standards were 5, 10, 25, 100, 250,
1000, 2500, 8500, and 10,000 pg/mL and the QC samples
were 5 (LLOQ QC), 15 (low QC), 300 (mid QC), and
8000 pg/mL (high QC).

The internal standard (DTG-IS) stock solution was pre-
pared at 1 mg/mL in DMSO and stored at − 80 °C. This solu-
tion was diluted to 5000 ng/mL with methanol and further
diluted to 5 ng/mL in 50:50 methanol:water for the final in-
ternal standard working solution. This working solution was
stored at 4 °C.

Recovery/matrix effects

Blank hair supernatant was spiked with DTG at the low, mid,
and high QC concentrations prior to extraction (pre-extract-
ed). Resulting peak areas for DTG and DTG-IS were com-
pared with blank hair extracts spiked with DTG and DTG-IS
corresponding to 100% recovered concentrations (post-
extracted) and neat solution samples (unextracted)
representing 100% recovery of DTG and DTG-IS. Recovery
was calculated as the ratio of the mean peak area response of
the compound in pre-extracted QCs to the mean peak area
response in post-extracted QCs. Matrix effects (ionization en-
hancement or suppression) were calculated as the ratio of the
mean peak area response of the compound in post-extracted
QCs to mean peak area response of the compound in
unextracted solvent QCs.

Matrix effects were also evaluated using the experiments
previously described by Matuszewski [10]. Blank hair super-
natant was prepared from six different lots of drug-free human
hair. Samples were spiked at the low, mid, and high QC con-
centrations in each lot of hair and extracted in triplicate with
the average peak area ratios from the analyses being plotted
against QC concentrations for each of the six lots evaluated.
Additionally, the mid QC samples from the six lots were quan-
tified with a complete set of calibration standards prepared

from a separate lot of drug-free hair for precision and accuracy
assessments.

A final assessment of matrix effects was performed by
extracting various ratios of hair mass (mg) to extraction sol-
vent volume (mL). Different amounts of drug-free hair (5, 10,
25, and 50 mg) were added to separate vials containing 5 mL
of the extraction solvent. The samples were spiked at the mid
QC concentration and extracted to determine if the ratio of
hair mass:extraction solvent volume (between 1 and 10 mg
hair/mL extraction solvent) impacts the ability to quantify
DTG.

Clinical sample analysis

Two hundred and nine de-identified hair samples collected
from WIHS participants on DTG-based combination antire-
troviral therapy (cART) were analyzed for DTG concentra-
tions. Informed consent was provided by all participants via
protocols approved by Institutional Review Committees at
each affiliated institution. The regimens consisted of DTG
(50 mg once daily) in combination with two backbone nucle-
oside reverse transcriptase inhibitors (NRTIs). Samples were
collected from the occipital region of the head, which has been
shown to have the most consistent linear growth rate of ap-
proximately 1 cm/month [11]. A vast majority (~ 97%) of the
hair samples were either black or brown in color. The samples
were cut with scissors into small pieces (1–2 mm) and trans-
ferred into a tared glass vial where the mass was recorded. The
total length cut was approximately 2 cm, which should corre-
spond to around 2 months of drug exposure. Many of the hair
strands were collected in a manner indicating the proximal and
distal ends relative to the scalp. In these cases, the samples
were cut from proximal end to monitor the most recent time
period of drug uptake. In cases where the hair strands were
short (~ 2 cm or less), the ends of the strands were unlabeled,
and the whole strand was extracted. Extraction solvent (1–
5 mL depending on mass of hair extracted) was added to each
sample vial resulting in ratios of 1–2 mg of hair per mL of
solvent. Samples were sonicated for 1 h and incubated at
40 °C for overnight prior to extraction. Final concentrations
of study samples were converted to picogram per milligram by
multiplying the picogram per milliliter result by the extraction
volume (1–5mL) and dividing by the amount of hair extracted
(mg). Peak areas for the degradation product were also record-
ed for the clinical samples.

Dolutegravir stability analysis

Following analysis of clinical samples, an additional peak was
noticed in the DTG channel in many chromatograms around
1.9 min. This peak was not seen during the development or
validation of the assay where DTG was spiked into drug-free
hair. A series of experiments were performed to identify
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whether this additional peak was related to DTG and if its
presence may indicate degradation of DTG following uptake
into the hair strand.

Results and discussion

Method development

The development of this method required the use of clinical
hair samples collected from subjects on DTG regimens (DTG
dosed at 50 mg once daily). These samples were used to de-
termine the most effective conditions for extracting DTG from
hair. In addition, since there were no literature values for DTG
levels detected in hair, these samples served as a means to
select an appropriate analytical range for the assay.

F ive so lven t s (ace ton i t r i l e , me thano l , 50 :50
acetonitrile:methanol, 25:25:50 acetonitrile:methanol:water, and
50:50 acetonitrile:methanol with 2% formic acid) were initially
evaluated for selection of optimal DTG extraction. Hair samples
were placed in vials containing a solvent and were incubated at
40 °C overnight (approximately 18 h). The samples were mixed
with internal standard prior to analyzing for DTG concentrations.
The results are shown in Table 1. A mixture of 50:50
acetonitrile:methanol resulted in higher extraction efficiency than
either solvent alone, while the acidification of the 50:50
acetonitrile:methanol with 2% formic acid provided the highest
extraction efficiency of DTG.

Once 50:50 methanol:acetonitrile with 2% formic acid was
selected as the extraction solution, an evaluation of the re-
quired extraction time was performed. Hair samples (5–
10 mg) from eight subjects on DTG regimens were placed in
vials containing 5 mL of extraction solvent. The samples were
sonicated for 1 h followed by incubation for 18 h at 40 °C.
Aliquots from the eight samples were removed at 1, 2, 14, and
18 h following sonication and were analyzed by LC-MS/MS.
The results are shown in Fig. 1. This experiment showed the
concentrations of DTG in the extraction solvent were very
similar between the 14- and 18-h evaluations indicating the

extraction was complete following the 14-h of incubation. In
addition, these samples provided guidance for the analytical
range needed. The evaluated samples fell within a range of
200–2000 pg DTG/mg hair.

The incorporation of drugs in hair has been shown to vary
with hair color [12–15] with lighter hair colors resulting in
lower concentrations than darker pigmented hair strands. To
evaluate potential lower concentrations, we isolated gray hair
strands and compared those concentrations with black strands
from the head of the same subject. The gray hair strands pro-
duced concentrations of approximately 20 pg DTG/mg hair,
and the black strands produced concentrations of approxi-
mately 500 pg DTG/mg hair. These results indicated that the
initial low end of our expected concentration range needed to
be lowered to account for possible concentrations present in
hair with less melanin content. Based on these findings, the
analytical range of 5–10,000 pg/mL of DTG in the extraction
solvent was selected for validation.

Method validation

Selectivity

Selectivity was evaluated by the extraction of six lots of blank
human hair. No interfering peaks were detected at the reten-
tion time of DTG or DTG-IS in any of the samples evaluated.
Samples from male and female donors with blonde, brown,
and black hair were included in this evaluation. Figure 2
shows example chromatograms from a drug-free hair sample,
a drug-free hair sample spiked with DTG at the LLOQ, and a
clinical hair sample from a subject on a DTG regimen.

Table 1 Extraction solvent evaluation following incubation of clinical
hair samples for 18 h

Extraction solvent Normalized DTG
response (%)

Acetonitrile 4

Methanol 13

50:50 Acetonitrile:methanol 29

25:25:50 Methanol:acetonitrile:water 18

50:50 Acetonitrile:methanol (2% formic acid) 100

Fig. 1 DTG concentrations in extracts from eight hair samples following
incubation in 50:50 methanol:acetonitrile with 2% formic acid for 1, 2,
14, and 18 h
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Linearity

The validation consisted of three analytical runs to evaluate assay
performance. Duplicate standard curves were injected at the be-
ginning and end of each run. The standard curveswere construct-
ed using a linear regression algorithm with 1 x2 weighting to
plot the peak area ratio of analyte to internal standard versus
concentration. The acceptance criterion for accuracy of the cali-
bration standards was ≤ 15% (≤ 20% at the LLOQ). The corre-
lation coefficients for all runs exceeded 0.99.

Accuracy and precision

Accuracy and precision were assessed by analysis of six rep-
licates of QC samples at four concentrations (5, 15, 300, and
8000 pg/mL) over three runs. Intra-assay statistics were deter-
mined for QCs (n = 6) within the same analytical run. Inter-
assay statistics were determined from the analysis of QC sam-
ples assayed in each of three separate analytical runs (n = 18).
Accuracy was reported as %bias from nominal concentration
with acceptance criteria of ≤ ± 15% (≤ ± 20% at the LLOQ).
Precision was reported as coefficient of variation (%CV) with

acceptance criteria of ≤ 15% (≤ 20% at the LLOQ). All results
were within the described acceptance criteria and are shown in
Table 2.

Dilution

The ability to dilute samples above the upper limit of quanti-
tation was also demonstrated. A QC sample at 16000 pg/mL
was prepared in blank human hair supernatant. The QC was
diluted tenfold with blank human hair supernatant prior to
extraction. Triplicate analysis of the tenfold diluted QC pro-
duced acceptable accuracy (10.4%bias) and precision
(1.7%CV) meeting acceptance criteria of ≤ ± 15%.

Recovery/matrix effects

The range of recoveries associated with this assay was 65.2–
71.8% for DTG and 71.6–75.4% for DTG-IS. The recovery
values of the analyte and internal standard are consistent and
are concentration independent. The values reported for recov-
ery in this assay only reflect the assay recovery following
incubation. The recovery reported from these spiked QCs

Fig. 2 Example chromatograms from a drug-free hair sample (a), a LLOQ calibration standard (b), and a clinical hair sample from subject on DTG
regimen (c)

Table 2 Intra-assay and inter-assay QC precision and accuracy statistics

Run 1 Run 1 Run 2 Run 2 Run 3 Run 3 Inter-assay Inter-assay
Nominal
con
(pg/mL)

Accuracy
(%Bias)

Precision
(%CV)

Accuracy
(%Bias)

Precision
(%CV)

Accuracy
(%Bias)

Precision
(%CV)

Accuracy
(%Bias)

Precision
(%CV)

5 − 3.4 13.2 1.7 8.2 1.6 10.3 − 2.9 10.3

15 5.2 11.8 − 1.1 5.3 − 4.2 5.6 1.7 8.8

300 6.5 3.3 − 5.7 3.5 − 0.8 4.1 4.9 6.2

8000 − 2.1 6.8 − 2.7 5.5 4.9 1.6 − 6.5 5.9
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was not intended to represent the recovery associated with an
incurred sample, since it is impossible to generate a hair sam-
ple with analyte incorporated into the strands at a known con-
centration. Additional experiments were performed with in-
curred samples to assess the extraction efficiency and stability
of DTG during the extraction process.

The matrix effects ranged from 98.2–101.7% for DTG and
85.1–95.0% for DTG-IS across all QC levels. The matrix
effects were minimal in this assay and were consistent be-
tween the analyte and internal standard throughout the con-
centration range evaluated.

The %CV from the six slope values for DTG generated in
six lots of hair was 3.6% indicating the lack of matrix effect
related to different lots of hair. Samples from male and female
donors with blonde, brown, and black hair were included in
this evaluation. The precision (%CV) and accuracy (% bias)
for the quantitation of the six lots of hair spiked at the mid QC
level were within the ± 15% acceptance criteria. Data for the
slope analysis and mid QC precision and accuracy assessment
are presented in Table 3.

An assessment of ratios of hair mass (mg):extraction sol-
vent (mL) was performed to determine if the amount of hair
extracted would impact the ability to quantify DTG. The ratios
of 1:1, 2:1, 5:1, and 10:1 mg hair:mL extraction solvent were
evaluated at the mid QC level. Precision and accuracy for all
four ratios were within acceptance criteria for precision and
accuracy indicating the amount of hair relative to the amount
of extraction solvent is not critical to assay performance.
These results are shown in Table 4.

Carryover

No carryover was observed for DTG or DTG-IS in a blank
sample analyzed directly following the injection of the high
calibration standard.

Stability

Stability of DTG throughout the extraction process was eval-
uated. DTG was spiked into extraction solvent (50:50
methanol:acetonitrile with 2% formic acid) at 800 pg/mL.
The sample was sonicated for 1 h followed by an overnight
(19 h) incubation at 40 °C. Following incubation, this sample
was analyzed in triplicate and compared with a freshly pre-
pared sample spiked into extraction solvent at 800 pg/mL. The
incubated sample was only − 3.8% different from the freshly
prepared sample indicating DTG is stable in the extraction
solvent during the incubation process.

QC samples at the low (15 pg/mL) and high (8000 pg/mL)
QC concentrations were allowed to sit at room temperature for
approximately 28 h following incubation. These QCs were
assayed in triplicate and compared to nominal concentrations.
The room temperature-exposed QCs showed − 6.9 and 1.8%
deviation rates from nominal at the low and high QC levels
respectively meeting the acceptance criteria of ± 15%.

Following incubation, the stability of DTG after three
freeze/thaw cycles between room temperature and − 80 °C
was evaluated. The first cycle was frozen for at least 24 h
and all other cycles were frozen for at least 12 h between each
cycle. Low (15 pg/mL) and high (8000 pg/mL) QC samples
were assayed in triplicate after completing three freeze/thaw
cycles. The freeze/thaw QCs showed − 5.1 and 2.3% devia-
tion from nominal at the low and high QC levels respectively
meeting the acceptance criteria of ± 15%.

Extracts from QC samples at the low (15 pg/mL) and high
(8000 pg/mL) concentrations were analyzed in triplicate fol-
lowing storage for 3 days in the autosampler at 15 °C. The
QCs stored in the autosampler for 3 days showed 11.7% and
− 0.8% deviation from nominal concentrations at the low and
high QC levels respectively meeting the acceptance criteria of
± 15%.

Table 4 Precision and accuracy
assessment of DTG QC samples
prepared at mid QC level with
multiple ratios of hair
mass:extraction solvent volume

Hair mass
(mg)

Solvent added
(mL)

Ratio
(hair:solvent)

Target conc (pg/
mL)

Mean conc (pg/
mL)

%Bias %CV

5 5 1:1 300 270 − 10.1 3.6

10 5 2:1 300 332 10.6 5.8

25 5 5:1 300 282 − 6.0 5.5

50 5 10:1 300 334 11.4 4.7

Table 3 DTG slope analysis and mid QC precision and accuracy from
six lots of human hair

Hair lot Slope Mid QC (%bias) Mid QC (%CV)

1 0.00399 − 12.4 2.5

2 0.00400 5.3 5.0

3 0.00407 6.7 3.0

4 0.00408 8.0 4.8

5 0.00439 − 3.1 2.0

6 0.00413 9.3 3.0

%CV (slope) 3.6
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Clinical evaluations

Assay performance

Of the 209 samples provided from the WIHS, DTG was de-
tected in 96%, indicating the analytical range selected was
appropriate for this analysis. Calibration standard and QC per-
formance during sample analysis was consistent with perfor-
mance seen during method validation.

Degradation product analysis

While the assay performed as expected with regard to DTG
quantitation, an additional peak was seen in the chromato-
grams for many of the incurred samples. This extra peak (re-
tention time ~ 1.9 min) was fully resolved from the DTG peak
(retention time ~ 1.5 min) but was present in 60% of samples
analyzed. The extra peak did not occur in a specific ratio
relative to DTG and was not present in all samples, even when
DTG was detected at high concentrations. If this peak were a

metabolite of DTG, its presence would likely be more consis-
tently found in incurred hair samples.

A series of experiments were performed to identify whether
this additional peak was related to DTG, and if its presence
may indicate degradation of DTG following uptake into the
hair strand. Additional MRM transitions for DTG were added
to the assay to allow for assessments of fragment ions at m/z
127, 377, 136, and 177 from the parent ion at 420.

Ten drug-free hair samples were extracted and analyzed for
DTG and the presence of a peak around 1.9 min. None of
these samples had a peak at the retention time of DTG or the
potential degradation product, indicating the additional peak
was likely not an endogenous component (Fig. 3a). In addi-
tion, these ten samples were extracted with DTG spiked into
the extraction solvent at 5000 pg/mL. These samples
underwent the sonication and incubation at 40 °C prior to
extraction and LC-MS/MS analysis. All ten of these samples
showed large peaks for DTG in all five MRM channels with
no peaks detected around 1.9 min (Fig. 3b). This test indicated
that the sonication, incubation, and extraction from a hair

Fig. 3 Chromatograms from 5 MRM transitions [Q1/Q3] from a drug-free hair sample (a), a drug-free hair sample spiked with DTG (b), a clinical hair
sample from subject on DTG regimen (c), and a DTG solution in 50:50 methanol:water following exposure to sunlight for 3 h (d)
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sample containing high concentrations of DTG did not result
in the generation of this additional peak.

Six clinical samples in which the initial analysis demon-
strated a chromatographic peak at approximately 1.9 min were
re-extracted and analyzed with the revised assay. The peak at
1.9 min was present in all six samples, but only in the MRM
channels with fragment ions at m/z 277 (transition monitored
in original assay) and 127. No peaks were seen at 1.9 min for
fragment ions at m/z 377, 136, or 177. DTG (retention time
1.5 min) had peaks present for all five transitions (Fig. 3c). In
an attempt to further characterize the peak at 1.9 min, the
eluent from the LC was collected from approximately 1.75–
2 min from the clinical sample. This solution was infused into
the mass spectrometer and additional fragment ions were
found. However, upon injection of a clinical extract, none of
the additional fragment ions resulted in a peak at 1.9 min.
With the limited concentration available from a clinical ex-
tract, further identification of this component was not likely.

In an attempt to determine if this additional peak was from
photodegradation of DTG, a solution of DTG (500 ng/mL in
50:50 methanol:water) was placed outside and exposed to
sunlight for 3 h. The sample was analyzed following sunlight
exposure with the revised LC-MS/MS assay. The chromato-
gram for the exposed sample showed peaks present at all five
MRM transitions at 1.5 min and only two of the MRM tran-
sitions at 1.9 min. The two transitions with peaks detected at
1.9 min were the same (fragment ions at m/z 277 and 127) as
seen in the clinical samples (Fig. 3d). The chromatography
from this sample also indicated that multiple components
may be present at approximately 1.5 min as the peak shapes
for several of the transitions (specifically m/z 127 and 177)
were much broader than those seen for fragments at m/z 377
and 136.

The peaks present in all fiveMRM transitions for DTG and
the peaks detected at 1.9 min in all samples described above
(drug-free hair, drug-free hair spiked with DTG, clinical hair,
and sun-exposed DTG solution) were integrated. In each sam-
ple, the peak areas for the various transitions were normalized
to the area detected in them/z [420/227] transition. The results

of this evaluation are shown in Table 5. The results indicate
the ratio of peak intensity detected in the monitored MRM
transitions is consistent between the ten drug-free spiked sam-
ples and the six clinical samples for the DTG peak detected at
1.5 min. In addition, the ratio of the peak areas detected in the
m/z 420/277 and m/z 420/127 transitions of the clinical sam-
ples matched the ratio detected in the sun-exposed DTG solu-
tion sample for the 1.9 min component.

Although we are unable to completely identify the compo-
nent present at 1.9 min in the chromatograms, the evidence
presented demonstrates a correlation between sun exposure
and production of a peak that is similar to that seen in chro-
matograms from clinically collected samples. If not accounted
for, this degradation product may confound the interpretation
of DTG drug adherence for those who may be exposed to
more sun exposure. This should be taken into account with
any analyses evaluatingDTG hair concentrations as a measure
of adherence.

Conclusion

An LC-MS/MS assay has been developed for the analysis of
DTG concentrations in human hair. This method was fully
validated showing good results in terms of linearity, sensitiv-
ity, accuracy, precision, and specificity. DTG in was shown to
be stable during the 19-h sonication/incubation procedure re-
quired to extract DTG from hair, at room temperature (up to
28 h) following incubation, and stable through three freeze/
thaw cycles following incubation. This is, to our knowledge,
the first assay to assess DTG levels in human hair as a means
to evaluate drug adherence. The assay has been used to effec-
tively analyze clinical samples with 96% of samples having
DTG detected within the calibrated range. However, the anal-
ysis of DTG in human hair may be confounded by potential
photodegradation occurring with sun exposure, which is prob-
lematic for analysis in hair that is routinely exposed to sun-
light. This potential degradant is easily detected with our as-
say. However, the correlation between DTG concentration and

Table 5 Normalized responses for peaks detected at 1.5 min and 1.9 min in a drug-free hair sample spiked with DTG, a clinical hair sample, and a 3-h
sun-exposed DTG solution with 5 MRM transitions

Normalized peak area (ret time = 1.5 min) Normalized peak area (ret time = 1.9 min)

MRM transition Drug-free spiked hair (%) Clinical hair sample (%) Sun-exposed
solution (%)

Drug-free spiked hair Clinical hair
sample

Sun-exposed
solution

420/277 100 100 100 Not detected 100% 100%

420/127 57 58 167 Not detected 62% 61%

420/136 9 9 5 Not detected Not detected Not detected

420/177 7 6 15 Not detected Not detected Not detected

420/377 5 5 3 Not detected Not detected Not detected
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the presence of this potential degradant was not evaluated, as
it is not possible to spike known amounts of analyte into hair
to accurately evaluate the degradation. In addition it is impos-
sible to track the amount of time hair that has been exposed to
this type of degradation prior to being collected. Although
there are potential complicating factors prior to sample collec-
tion, we have presented a validated assay for the analysis of
DTG in human hair that can be used to aid in the determina-
tion of patient adherence to DTG-containing drug regimens.
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