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Abstract

Analysis of drugs in hair by mass spectrometry imaging (MSI) has great potential as an objective,
long-term measure of medication adherence. However, the fidelity of the chemical record in hair
may be compromised by any cosmetic hair treatments. Here, we investigate infrared matrix-
assisted laser desorption electrospray ionization (IR-MALDESI) MSI response to multiple
antiretrovirals (ARVs) in cosmetically treated hair. Hair strands from patients on different ARV
regimens were mechanically treated with dye, bleach, and relaxer. The treatments had little or no
effect relative to untreated controls for cobicistat, abacavir, dolutegravir, maraviroc, efavirenz, and
darunavir, but all three treatments removed emtricitabine (FTC) to undetectable levels from patient
hair strands. We also evaluated hair strands by IR-MALDESI MSI from 8 patients on FTC-based
regimens who reported a range of hair treatments at varying recency prior to hair collection. While
FTC was undetectable in the treated portion of these hair strands, ARVs coadministered with FTC
remained detectable in hair strands after treatment. We conclude that IR-MALDESI MSI can be
used when measuring adherence to ARV therapy, provided that ARVs other than FTC are targeted
in people using hair treatments.

Introduction

Antiretroviral (ARV) therapy that effectively suppresses HIV replication in people living
with HIV can render them noninfectious to their partners.1=> ARV therapy is generally
administered in combinations of three or more drugs, which are often coformulated. In most
cases, these drugs are taken as a daily oral dose, and proper adherence to an ARV regimen is
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essential for efficacy. Nonadherent patients run the risk of viral rebound and drug resistance,
while uninfected individuals on pre-exposure prophylaxis with ARVs risk contracting HIV.
6.7 Many strategies to monitor ARV adherence have been implemented including patient
self-report, pharmacy refill data, electronic monitoring systems, and pharmacologic
measures of blood and plasma.8-16 Though these measures seek to give patients and medical
providers information to treat and prevent the spread of HIV, their utility is limited by
reporting bias, indirect measurement, and short-term measurement of adherence.

Hair testing has been used regularly as a forensic tool for the detection of compounds
consumed by drug (ab)users and recently has become of interest for monitoring ARV
adherence.17-2% Hair is a particularly useful matrix because it can provide a weeks- to
months-long record of drug use. Our group and others have been interested in using hair
analysis as an objective measure of patient adherence to ARVs. Accumulation of these drugs
in hair has been measured in clinical samples over a wide concentration range of 0.005-40
ng mg~1 hair,26-29 which varies by drug based on its basicity and lipophilicity.
Measurements of ARVSs in hair have been used to establish exposure thresholds for
adherence classification.30

One important consideration in assessing the objective fidelity of targeting drugs in hair as a
measure of adherence is the potential effect of different hair treatments on the detection of
the target drug(s) of interest. Many groups have investigated the effect of hair treatment on
drug detection in forensic applications by LC/MS.31-35 |n general, a decrease in
concentration was observed for the drug target of interest after cosmetic treatment. Mass
spectrometry imaging (MSI) has emerged as an alternative to LC/MS for hair analysis
because of its ability to provide high spatial, and therefore high temporal, resolution along
the length of hair strand, providing a timeline of drug use. In addition, MSI does not require
lengthy sample processing and drug extraction times and can be used to monitor multiple
drug targets simultaneously in a single assay, which is critical for rapid screening of hair
samples reflecting varied ARV regimens. Few groups have investigated the effect of hair
treatment on MSI analysis of hair, but Cuypers and co-workers investigated the effect of
bleach (hydrogen peroxide treatment) on the detection of cocaine.3¢ They found that the use
of hydrogen peroxide treatment lowered the detectability of cocaine in hair by MSI, both by
generating reaction products and by washing cocaine (and reaction products) out of the hair.
This is an important finding, but it only pertains to one hair treatment and one drug. Since
the disposition of drug in hair and its affinity for binding to melanin vary based on drug
physicochemical properties,3’ the influence of hair treatments on MSI response is likely
drug-dependent. Given that the basis of ARV regimens for HIV treatment and prevention is a
combination of multiple drugs across multiple classes, disposition in hair and effect of
treatment for these compounds may differ. We are interested in expanding this work to
include multiple hair treatments and their effect on the detection of ARVs in hair by MSI.

Our previous work has shown that MSI, specifically infrared matrix-assisted laser desorption
electrospray ionization (IR-MALDESI), can be used to detect ARV in human hair.38 At that
time, we had not yet investigated the effect of hair treatments normalized to a marker for
melanin. If hair treatments affect ARV concentrations in hair, that must be taken into
account when attempting to use MSI as an objective adherence measure. Using samples
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from patients adherent to ARV regimens, we have examined the effect of mechanical hair
treatment with dye, bleach, and relaxer on the detectability by MSI of several ARVs with a
range of physicochemical properties. The drugs we investigated, in order of increasing
lipophilicity, include: nucleoside analogue reverse transcriptase inhibitors emtricitabine
(FTC) and abacavir (ABC), integrase inhibitor dolutegravir (DTG), protease inhibitor
darunavir (DRV), the entry inhibitor maraviroc (MVC), the CYP3A inhibitor (or
pharmacokinetic “booster”) cobicistat (COBI), and the nonnucleoside reverse transcriptase
inhibitor efavirenz (EFV). Except for FTC, which has very low accumulation (0.025-2 ng
mg 1 hair) in hair strands,26 all drugs could be monitored in a single assay. Since FTC, a
predominant component of HIV prevention and treatment regimens, was found to be most
consistently affected by bench-top hair treatment, we then quantified the time since hair
treatment needed to detect FTC and attempted to use other ARVs administered in
combination with FTC as a proxy for FTC detection.

Experimental

Materials and reagents

Methanol (HPLC grade), acetonitrile (HPLC), water (HPLC), acetic acid (80% w/w),
ammonium hydroxide, hydrogen peroxide (30% v/v), and formic acid (Optima) were
obtained from Fisher Scientific (Hampton, NH). For positive ion mode acquisition, the
electrospray solvent was a 50/50 mixture of methanol/water (v/v) with 0.2% formic acid. For
negative mode acquisition, the electrospray solvent was a 50/25/24/1 mixture of acetonitrile/
methanol/water/acetic acid (v/v/vIv).

Commercially available cosmetic products for common hair treatments were used to
manually manipulate hair strands. Bleaching was performed using a cream developer
containing 6% hydrogen peroxide (20 Volume, ColorCharm®) in combination with a
persulfate-based booster (Powder Lightener, ColorCharm®) both manufactured by Wella
(Coty, Inc., New York, NY). Dyeing was performed using the cream developer with a brown
hair dye (ColorCharm® Medium Brown 4N/411, Wella). Straightening was performed using
a medium relaxer from Mizani (New York, NY).

Hair collection

The relationship between hair type and ARV IR-MALDESI MSI ion abundance was
evaluated in hair samples collected from 36 healthy volunteers (12 for each drug) following
28 days of directly observed daily dosing with FTC, DTG, or MVC during the
ENLIGHTEN study (NCT03218592). Hair treatment influence on MSI ion abundance was
conducted on hair strands collected from volunteers living with HIV who were prescribed a
range of ARV medications and classified as adherent based on plasma concentrations of <50
copies HIV RNA per mL (NCT02768779). Informed consents were obtained from human
participants prior to any study activities. Manual hair treatment testing was performed using
samples from 4 volunteers living with HIV reporting no hair treatments, with samples from
8 additional volunteers reporting hair treatments evaluated as comparison between /n vitro
and /n vivo treatment effects. In all cases, approximately 20 strands were collected from
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each individual by cutting strands as close to the scalp as possible. All samples were stored
in foil packets at 4 °C prior to analysis.

Sample preparation

Prior to treatment, samples were fixed to a glass microscope slide by taping one end of the
hair strand. Bleach powder and dye were mixed ina 1 : 2 ratio with the cream developer in a
centrifuge tube prior to application to the hair strands. The compounds were then applied to
the hair strands using a pipette or spatula. Treatment contact times with hair followed
manufacturer recommendations (Bleach and dye: 30 min; Relaxer: 15 min). The hair strands
were then washed thoroughly with water and dried with nitrogen. Finally the hair strands
were transferred to double-sided tape (VHB Tape, 3 M, St Paul, MN) on a microscope slide
for MSI analysis.

For the work where pyrrole-2,3,5-tricarboxylic acid (PTCA) was targeted as a biomarker of
melanin, hair strands were fixed to a glass microscope slide with VHB tape and the distal
ends were placed in a solution of 1 M ammonium hydroxide in 45/45/10 methanol/water/
hydrogen peroxide (v/v/v) for 10 min. The slide was removed from the solution, and the hair
strands were rinsed thoroughly with water. The hair strands were then dried with nitrogen
before MSI analysis.

IR-MALDESI MSI operation and data processing

Slides containing the samples were placed on a stage controlled by a thermoelectric cooler
(TE Technology, Inc., Traverse City, MI) in an enclosed source. Samples were then cooled to
-10 °C under nitrogen and given time to stabilize (~12 min). A layer of ice was grown on
the sample by opening the source and exposing the sample to ambient humidity. Before MSI
analysis, the source was closed, and a steady flow of nitrogen was used to stabilize the
relative humidity at approximately 14% using a steady flow of nitrogen.

An IR-MALDESI source was used for all imaging experiments adapted from previous work.
25,3940 A single laser pulse from an IR OPO laser (Opotek, Carlsbad, CA) tuned to 2.94 pm
wavelength was used at each spot to ablate the ice-covered samples. The desorbed plume
was extracted and ionized by a perpendicular electrospray that carried the sample into the
mass spectrometer (ThermoFisher Q Exactive Plus, Bremen, Germany). The stage was
translated in 100 um increments (giving 100 x 100 um pixel size) to oversample based on
the laser spot size (~200 um). Interrogated regions of interest on hair strands were at least 4
mm in length. For analysis of antiretrovirals, the mass spectrometer was operated in full scan
mode with positive polarity (/772200 to 800; resolving power: 140 000 at /77/z 200; s-lens RF
level: 100, all ARVs except FTC) or MS/MS mode (m/z248.1 + 4 — mi/z100 to 275; NCE
=10 with charge zset at +2; resolving power: 140 000 at /7/z 200; s-lens RF level: 50, for
FTC only). MS/MS mode was used to increase sensitivity for detection of FTC. For PTCA
analysis, the mass spectrometer was operated in full scan mode with negative polarity (/m/z
190-760; resolving power: 140 000 at /m/z 200; s-lens RF level: 50). Molecular identities
were assigned by accurate mass. Communication and timing between the stage, laser, and
mass spectrometer were controlled using a custom MATLAB program (The Mathworks,
Inc., Natick, MA) and a microcontroller.
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Data were processed using MSiReader4142 and custom MATLAB software. RAW files were
converted to mzML using MSconvert, then converted to imzML before processing by
MSiReader. lon images were generated from m/zvalues £2.5 ppm.

Statistical methods

Hair treatment.—Prior to analysis, data were preprocessed using R v.3.5.3 (R Foundation
for Statistical Computing, Vienna, Austria.).*3 Maximum MSI ion abundances were
calculated among radial measurements at each longitudinal sampling position along a hair
strand, resulting in approximately 40 values for each strand. The limit of detection (LOD)
was considered to be 1000 counts, with zero values given an imputed value of half this limit
(500 counts).

Statistical analyses were performed using SAS Software v.9.4 (SAS Software, Cary, NC). A
Kruskal-Wallis test within treatments revealed distributional differences across strands,
suggesting that it would be inappropriate to pool data within each treatment. To estimate
percent change relative to control, and to account for clustering of data within strands,** a
non-linear mixed-effects model for left-censored data was fit to preprocessed data (scaled by
the maximum ion abundance measured across all strands being compared). For example, in
analyzing differences in ABC signal abundance between bleach treatment (3 strands) and
untreated control (3 strands), all values for ion abundance were divided by the maximum
across all 6 strands. This scaling factor forces all values to fall between the rescaled LOD
and 1. This preserves the original distribution of the variable and is a recommended method
for clustered or longitudinal data to help prevent convergence problems.*> ~-Values
presented in Table 1 are adjusted for multiple comparison testing by controlling for the false
discovery rate.

Hair color.—Association between average ion abundances of ARVs and the melanin
biomarker PTCA in hair strands was performed using SAS Software v.9.4 (SAS Software,
Cary, NC). In order to account for ties in ordinal rank and avoid distributional assumptions,
correlation analyses were carried out using Kendall’s tau-b (z,).

Results and discussion

Manual manipulation of hair treatments

Initial characterization of changes to ARV response in hair following treatments was
performed by manually applying cosmetic products to individual strands of hair collected
from 4 subjects on combination regimens encompassing 6 different ARVs (EFV, MVC,
DRV, DTG, ABC, FTC) and the CYP3A inhibitor COBI. Example ion abundance
distribution images following mechanical treatment for hair strands from a subject on an
ARV regimen that included MVC and FTC are shown in Fig. 1. A total of 12 strands were
analyzed for each drug: 3 strands each were treated with bleach, dye, and relaxer, with 3
strands left untreated. Fig. 1A shows the ion image corresponding to MVC, overlaid with the
endogenous ion cholesterol (/772 369.3516) to indicate the location of the hair strands. For
these samples, the bleached strands had slightly higher MVC ion abundance than the control
strands (1.5-fold on average), and the dyed strands had slightly lower MV C ion abundance
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(0.6-fold on average). Fig. 1B shows the ion image (MS/MS) corresponding to FTC overlaid
with an unfragmented endogenous ion (/7/2248.2457). FTC was undetectable in full MS
mode, so MS/MS mode was used to enhance the sensitivity and selectivity for detection of
FTC. FTC ion intensity was completely absent from the ion image in any of the treated
strands, while the control strands show detectable FTC ion abundance, indicating that all
three treatments remove FTC from the hair strands.

Mean ion signal abundances associated with each strand from 4 patients and 7 ARVs are
shown for each treatment group in Fig. 2, and summarized in Table 1. Each data point in the
figure represents a single hair strand, with all hair strands for a single drug coming from the
same patient. In addition, because the ARVs are administered in combination, data for up to
two ARVs may have come from the same patient, labeled in Table 1. Bleaching with
peroxide (boosted by ammonium persulfate) decreased IR-MALDESI MSI ion abundance
for FTC (p=0.0061), and otherwise yielded the same or increased ion abundance between
bleached and control hairs for other ARVs. For MVC and DTG, the increase was statistically
significant (o= 0.023 and p = 0.029, respectively). Average ion abundance for DRV
increased by 177%, but the change was not statistically significant (o= 0.077). Dyeing also
resulted in lower average concentrations compared to untreated controls for 5 of the drugs
(EFV, MVC, DTG, ABC, and FTC), but only treatment of FTC resulted in a statistically
significant decrease (p = 0.0061). Average ion abundance for COBI and DRV both increased
by over 100%, but neither change was statistically significant (p= 0.23 for both). Treatment
with the relaxer resulted in significant decreased abundance for EFV, ABC, and FTC, while
there was a significant increase observed for COBI. These observations can be interpreted in
the context of three distinct mechanisms: (1) incorporation and binding of different drugs
into hair based on drug physicochemical properties; (2) chemical and structural alterations to
hair strands resulting from hair treatment; and (3) infrared laser desorption mediated by ice.

ARV incorporation into hair based on color

Using samples collected following directly-observed daily dosing, we evaluated the
accumulation of three ARVs (FTC, DTG, and MVC) to understand the extent to which
accumulation of a drug in hair is influenced by hair type, characterized by features such as
color. Twelve samples were evaluated for each drug, with hair colors ranging from gray to
black and representing a broad range of expected melanin content. ARV response to daily
dosing was characterized in the proximal 5 mm of the hair strands. The melanin biomarker
pyrrole-2,3,5-tricarboxylic acid (PTCA) was evaluated in distal regions of sample strands.
Relationships between ARV accumulation and PTCA are shown in Fig. 3 along with
Kendall’s 7, correlation coefficients, which indicated moderate positive correlation for MVC
with PTCA (m mvc = 0.55, p=0.01, asymptotic standard error = 0.19) and no significant
correlation between FTC or DTG with PTCA (z, prc = —0.18, p= 0.46, asymptotic standard
error = 0.19 g, ptg = 0.03, p= 0.95, asymptotic standard error = 0.18). Drug basicity and
hydrophobicity of these ARVs (Table 1) follows a similar trend to the Kendall’s rank
correlation coefficients, consistent with evidence from previous research that has shown
compounds with basic properties are incorporated more strongly into hair due to binding
with melanin.3746-49 These relationships suggest that the mechanism of incorporation of
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ARVs differs, with more basic, lipophilic drugs like MVVC more tightly bound to
melanocytes than less basic, more hydrophilic compounds like FTC.

Chemical and structural alterations to hair

Ultrastructural effects of hair caused by treatment likely affect ARVs differently depending
on how they are incorporated in the hair. The bleaching treatment combines 6% hydrogen
peroxide with the alkaline ammonium persulfate to enhance oxidation and promote
degradation of the melanin granule. The bleaching agent and contact time used here were
designed to lighten the hair shade rather than completely remove all color. Under these
conditions, loosely bound compounds like FTC may undergo preferential reactivity with
oxidative products relative to other ARVs that are more strongly bound to melanin. The
relaxing treatment, like bleaching, is highly alkaline and designed to cleave hair disulfide
bonds to yield a straightened hair strand.5% The highly basic conditions causes hair strands to
swell and may delocalize more acidic and hydrophilic compounds like FTC. Dyeing had the
most broadly deleterious effect on ARV response in hair strands but only resulted in a
statistically significant decrease in FTC ion abundance. While this treatment process
incorporated 6% hydrogen peroxide, the color dye was suspended in an aqueous/fatty acid
mixture that may penetrate keratinous hair layer and pre-ferentially remove hydrophilic
compounds. While there was complete removal of FTC due to dyeing, all of the other ARVs
remained detectable in hair strands. In addition, because the dye was mixed with a solution
containing hydrogen peroxide, there may be reactions of the drugs with the dye solution,
therefore reducing the concentration of the parent drug.

However, the bleaching treatment also incorporates hydrogen peroxide, and that treatment
resulted in the same or increased ion abundance. Therefore, reactions with hydrogen
peroxide seem unlikely to decrease ion abundance of this set of ARVs. Finally, the
introduction of dye into the hair could increase the total number of molecules competing for
ionization, resulting in ion suppression for the target of interest.

IR laser desorption

Structural changes resulting from treatment may also influence desorption conditions. Laser
desorption by IR-MALDESI MSI is accomplished with an infrared laser (1 = 2.94 um) with
emission tuned to absorption features of water. The conditions promoting uptake of water
under basic conditions and following bleaching may also increase the amount of absorbed
ice during sample preparation, resulting in enhanced coupling of laser energy into the
sample and improved desorption and enhanced detection.

FTC detection after hair treatment

Since manual treatment of individual hair strands under laboratory conditions may not
reflect typical hair treatment exposure on a full head of hair, we next selected incurred
samples from subjects on an FTC-based regimen reporting a variety of treatments and times
since most recent treatment relative to sample collection. Data for 8 patients with recent (<8
weeks prior) hair treatment including hair color, type of treatment, and time since the
treatment (reported by the patient) are shown in Table 2. There were 4 different hair colors
and 5 different treatments evaluated. Images from the proximal (closest to scalp) 7 mm of

Analyst. Author manuscript; available in PMC 2021 July 20.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gilliland et al.

Page 8

hair strands are shown in Fig. 4, where intensity from FTC (shown in cyan) is overlaid with
an endogenous ion to indicate the location of the hair strands (shown in red/yellow). The
proximal ends are on the left side of the images. The percentages in the figure represent the
ratio of voxels with both FTC and endogenous detected to all voxels with endogenous
detected. In general, there is a trend of increasing frequency of detection of FTC with
increasing time since treatment. The patients P-1 and P-2 had different treatments the day
immediately before sampling, but some FTC signal is observed in each hair strand. In the
case of P-2, only the proximal end of the hair strands contain FTC, which suggests that the
hair treatment (dye) may not have reached the base of the scalp. Observations for P-3, 4, and
5 highlight biological and treatment variability. For P-3, FTC was observed along the length
of the middle strand, was intermittent in the bottom strand, and was undetectable in the top
strand. In the case of the undetectable strand, this is likely due to this particular hair being in
the dormant growth phase. For P-4, whose hair was similar in color, had similar treatment,
and had hair treatment on a similar timeline, FTC was observed consistently throughout all
three hair strands. The response to FTC for P-5 was similar to P-3 but was the only patient
who reported using a relaxer. FTC detection was intermittent throughout the hair strand but
concentrated more toward the proximal end. This suggests that relaxer and bleach both
removed some FTC, but the same effect is not observed with P-4. These differences are the
subject of future investigation. Hair from patients P-6, P-7, and P-8 showed consistent
detection of FTC throughout each of the strands.

Based on an average growth rate of ~1 cm per month,> 7 mm of hair corresponds to
approximately 3 weeks (21 days) of hair growth. Thus, we would expect to see FTC signal
regardless of treatment for hair that was treated more than 3 weeks prior. However, because
our method of acquiring the hair was cutting with scissors rather than plucking,
approximately 3 to 5 mm of hair may remain below the scalp, and some hairs may not be cut
at exactly the same point. This relative imprecision of this cutting method may account for
the inter-strand variability in FTC response seen in P-3 and P-5. Nevertheless, if hair was
treated very close to sample collection and FTC signal was observed, then that indicated that
the hair treatment did not remove all of the drug from the hair strands, as with P-1 and P-2.

We chose to image further along the length of hair strands from one patient with consistent
FTC response (P-4) to observe the time point of treatment. Fig. 5 shows the MS image of
FTC overlaid with an endogenous ion, sampled on the proximal 15 mm of the hair strand. In
the top strand, there was a clear transition from hair containing FTC to hair without any FTC
at about 8 mm on the image, or about 7 mm from the proximal end of the hair strand. As
stated above, 7 mm would correspond to about 3 weeks of hair growth, which would agree
with the self-reported time since treatment. The transition was less stark in the other two
strands, but there was difference in FTC detection around 12 mm in the image, or about 11
mm from the proximal end of the strands. For the strands sampled here, the transition from
detection of FTC to no detectable FTC shows that treatment removed FTC from hair strands,
consistent with the results on the benchtop.

While FTC was removed by both manual treatment after removal from the scalp and typical
treatment, our trends underscore that other ARVs behave differently, and FTC was the only
drug that became undetectable in the hair strands. Because FTC is most often administered
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in a fixed dose combination with other ARVS, it may be possible to determine patient
adherence to an FTC-based regimen by targeting the other drugs in the regimen. To illustrate
this point, we analyzed the hair strands from the four most recent treatments shown in Fig. 4
(P-1, P-2, P-3, and P-4), this time targeting the other ARVs administered in combination
with FTC. Fig. 6 shows ion images for hair strands from these four patients, targeting DTG,
DRV, EFV, and COBI along the proximal 7 mm of the strands. In each of these images, the
drug administered in combination with FTC was detectable along the length of at least 1 of
the 3 hair strands analyzed. In Fig. 6A, DTG was detected in 1 of the 3 strands, indicating
that 2 of the strands were likely in the dormant growth phase. For Fig. 6B, DRV was
detected along the length of all 3 strands. For Fig. 6C and D, EFV and COBI were both
detected along the length of all 3 strands. These data demonstrate that adherence to these
regimens can be determined by analyzing another drug if FTC is undetectable.

Conclusion

The effect of a range of hair treatments on the detectability of several antiretrovirals was
assessed by IR-MALDESI MSI. Our results indicated that a commercial relaxer, dye, and
bleach had varying impact on MSI response to ARVs across multiple drug classes, with
instances of both enhanced and diminished ARV detection observed. Any perturbation to the
fidelity of hair concentrations could lead to unintended effects if used as the basis for
assessment of medication adherence, leading to either false-positive or false-negative tests.
Since the detection of FTC was most significantly affected by treatment and the only drug
that became undetectable, treated hair samples from patients on FTC-based regimens were
assessed to quantify the time between hair treatment and detection of FTC. The transition
from the treated portion of the hair to the untreated portion confirmed our benchtop results
that hair treatment removes FTC. However, although FTC was removed by hair treatment,
other ARVs administered in combination with FTC were detectable, indicating that those
ARVs could be used as a proxy for FTC adherence. Two limitations of this investigation
were the small sample size and the reliability of self-reported hair treatments. As MSI of
hair strands is developed as an objective measure of patient adherence, these results indicate
that hair treatment effects must be quantified and taken into consideration to avoid false
classifications of adherence to therapy. In the case of ARVs, either a gap between treatment
and sample collection should be used to ensure drug detection or an ARV other than FTC
should be used to assess adherence.
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Fig. 1.

x104

lon images of (A) MVC (m/z514.3352) and (B) FTC (m/z248.1 — 130.041) overlaid with
an endogenous ion (red) after manual treatment with bleach (B), dye (D), and relaxer (R)

compared to untreated control samples (C). Average ion abundances for each strand are
shown with other antiretrovirals in Fig. 2.
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Each data point represents the average ion abundance from a single hair strand.
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Fig. 3.

Correlation of PTCA ion abundance with average ion abundance in 12 patient hair samples

(3 strands each) for 3 different ARVs after 28 days of directly observed dosing.
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Det. Freq.: 8.7 %

More Recent Treatment

Cyan: FTC, Red/Yellow: Endogenous

Fig. 4.
MS/MS images of FTC (mlz248.1 £ 4 — mlz130.041) from 8 patients with different

cosmetic hair treatments and varying times after treatment. Patient IDs and corresponding
treatments and timeline are detailed in Table 2. The percentages on the images represent the
frequency of detection of FTC as a ratio of number of voxels where FTC was colocalized
with the endogenous ion to the number of voxels where only the endogenous ion was
detected.
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Cyan: FTC, Red/Yellow: Endogenous

Fig. 5.
MS/MS image of FTC (m/z248.1 + 4 — m/z130.041) and endogenous (m/z 248.2457)

from P-4 sampled on the proximal 15 mm of hair.
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Fig. 6.
ARV ion abundance images for drugs co-administered with FTC from the first 4 patients

shown in Fig. 4.
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Table 2

Hair treatment, color, and timeline for hair strands from all patients

Patient ID  Targeted ARVs Hair color  Treatment Treatment timeline
P-1 FTC, DTG Brown Perm Previous day

p-2 FTC, DRV Grey Dye (brown) Previous day

P-3 FTC, EFV Brown Dye A couple of weeks ago
P-4 FTC, COBI Brown Bleach and dye 3 weeks ago

P-5 FTC Black Relaxer 4 weeks ago

P-6 FTC Black Brazilian blowout 6.5 weeks ago

p-7 FTC Blonde Dye (red) 6 weeks

P-8 FTC Blonde Dye 8 weeks
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