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Abstract

Hydroxychloroquine (HCQ) has been shown to disrupt autophagy and sensitize cancer cells to
radiation and chemotherapeutic agents. However, the optimal delivery method, dose, and tumor
concentrations required for these effects are not known. This is in part due to a lack of sensitive
and reproducible analytical methods for HCQ quantitation in small animals. As such, we
developed and validated a selective and sensitive liquid chromatography coupled with tandem
mass spectrometry (LC-MS/MS) method for simultaneous quantitation of hydroxychloroquine and
its metabolites in mouse blood and tissues. The chromatographic separation and detection of
analytes were achieved on a reversed phase Thermo Aquasil Cqg (50 x 4.6 mm, 3u) column, with
gradient elution using 0.2 % formic acid and 0.1% formic acid in methanol as mobile phase at a
flow rate of 0.5 mL/min. Simple protein precipitation was utilized for extraction of analytes from
the desired matrix. Analytes were separated and quantitated using MS/MS with an electrospray
ionization source in positive multiple reaction monitoring (MRM) mode. The MS/MS response
was linear over the concentration range from 1-2000 ng/mL for all analytes with a correlation
coefficient (R2) of 0.998 or better. The within- and between-day precision (relative standard
deviation, % RSD) and accuracy were within the acceptable limits per FDA guidelines. The
validated method was successfully applied to a preclinical pharmacokinetic mouse study involving
low volume blood and tissue samples for hydroxychloroquine and metabolites.
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1. Introduction

Hydroxychloroquine (HCQ) was first synthesized in 1946 as an alternative to avoid
toxicities from chloroquine (CQ) in the treatment of malaria [1]. The 4-aminoquinoline
derivative quickly found a niche in the management of rheumatoid arthritis and has
remained in clinical use ever since [2]. Over the years, HCQ has also shown beneficial
effects in other chronic autoimmune disorders such lupus [3] and Q-fever [4]. Recently,
there has been renewed interest in HCQ due to its effects on disrupting autophagy, cellular
proliferation, and cancer metastasis [5, 6]. In addition, HCQ has been shown to sensitize
cancer cells to radiation and chemotherapy [7, 8].

While there appears to be benefits of using HCQ in cancer treatment, there is little
preclinical data illustrating optimal dosing regimens and tissue concentrations for HCQ.
Current studies dose HCQ to achieve the highest blood concentrations with the thought that
this will achieve the highest tumor concentrations. However, there is little evidence in the
literature correlating blood concentrations of HCQ to tumor concentrations.

The lack of evidence to describe the pharmacokinetic (PK) profile of HCQ as it relates to
tumor uptake and accumulation is partially due to the inability to detect low drug
concentrations. Following intravenous (i.v.) administration, HCQ readily redistributes from
blood into tissues, dropping blood concentrations below the limit of detection for traditional
analytical methods. In addition, the amount of viable blood and tissue available in small
animal studies can be low, especially in mice. These factors make designing small animal
PK studies for HCQ very challenging.

HCQ is metabolized into three major metabolites, desethylchloroquine (DCQ),
bisdesethylchloroquine (BDCQ), and monodesethylhydroxychloroquine (Cletoquine;
DHCQ). The respective contributions of each metabolite to the efficacy and toxicity of HCQ
treatment remain poorly understood. DHCQ appears to be the only active metabolite [9]
with some evidence suggesting its therapeutic index is higher than HCQ itself. However, in
patients with rheumatoid arthritis, gastrointestinal side effects and ocular toxicity are related
to blood concentrations of HCQ and BDCQ, while clinical improvement is related to the
blood concentrations of DHCQ [9]. Brocks et al. showed that HCQ concentrations in plasma
were appreciably lower and more variable than those in whole blood suggesting whole blood
is a better matrix for therapeutic drug monitoring (TDM) of HCQ [10].

Various techniques have been employed for the separation, detection, and quantification of
HCQ from biological samples. A majority of these methods have relied on fluorescence
detection systems used in conjunction with high performance liquid chromatography
(HPLC) to analyze HCQ concentrations. Only a few methods have been developed to
simultaneously quantitate HCQ and its major metabolites [11-14]. These methods have the
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disadvantage of being labor intensive, expensive, and time-consuming as well as requiring
large sample volumes. The high sensitivity and selectivity of liquid chromatography coupled
to tandem mass spectrometry (LC-MS/MS) has allowed for the analysis of picogram drug
quantities, establishing itself as a major tool for bioanalysis [15, 16]. Despite the relatively
high sensitivity of LC-MS/MS, methods for drug extraction from tissue need to be refined
and experimental parameters optimized on a drug-by-drug basis to produce reproducible
methods capable of analyzing low drug concentrations.

Although LC-MS/MS methods have been developed and validated for quantitation of HCQ
[17-20], limitations in these methods still preclude their implementation in PK studies
involving mice. Soichot et al. has provided a method for the quantitation of HCQ with all
three of its major metabolites in whole blood, however with a LLOQ of 25 ng/mL[19].
Hong-Wei Fan et al. later developed a more sensitive method of HCQ quantitation using
plasma with a LLOQ of 0.2 ng/mL, but did not explore the method’s potential for metabolite
analysis nor HCQ analysis from blood or tissue [20]. Moreover, the concentration of HCQ in
whole blood is greater than the concentration in plasma with a RBC:plasma partition
coefficient (Kpjood/plasma): = 1 for HCQ and its metabolites. Thus, HCQ has a high affinity
toward RBCs, and whole blood is may be better suited for quantitation of HCQ compared to
plasma [21]. In addition, for studies involving mice, only small volumes of blood can be
sampled from each individual mouse so assyas that utilize small volumes of blood are
preferred. Therefore, we have developed a simultaneous LC-MS/MS method for
quantification of HCQ and its three major metabolites from whole blood and tissues with
LLOQ 1 ng/mL for all analytes that is more suited for small animal studies with direct
application to human pharmacokinetic studies. The validated bioanalytical method was
successfully applied to the quantitative analysis of HCQ (5 mg/kg intravenously)
administered to BALB/c mice for blood and tissue determinations of HCQ, DCQ, BDCQ),
and DHCQ.

2. Materials and methods

2.1. Chemicals and materials

HCQ, DCQ, BDCQ, DHCQ and HCQ-d4 (Figure 1) of pharmaceutical grade were
purchased from Sigma-Aldrich (St Louis, MO). HPLC-grade methanol (MeOH), acetonitrile
(ACN), and formic acid (FA), were obtained from Fisher Scientific (Fair Lawn, NJ).
Centrifuge tube filters were purchases from Corning Co. (Corning, NY). Ultrapure water
was obtained from a water purification system (ThermoFisher Scientific). All other reagents
used in the study were of analytical grade or higher and procured from standard chemical
suppliers.

2.2. Liquid chromatographic and mass spectrometric conditions

A Shimadzu, Nexera UPLC system equipped with a binary pump system (LC-30 AD),
column oven (CTO-30AS) and an auto-sampler (SIL-30AC) was used. Mass spectrometric
detection was performed on an LC-MS/MS 8060 system (Shimadzu Scientific Instruments,
Columbia, MD), equipped with a dual ion source (DUIS) in positive electrospray ionization
mode. The MS/MS system was operated at unit resolution in the multiple reaction
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monitoring (MRM) mode. All chromatographic separations were performed with a Thermo
Aguasil C1g (50 x 4.6 mm, 3u) column equipped with a C18 guard column (Thermo
Scientific Inc).

The mobile phase consisted of 0.2% formic acid in water (mobile phase A) and 0.1% FA in

MeOH (mobile phase B), at total flow rate of 0.5 mL/min with a column temperature of

40 °C. The chromatographic separation was achieved using 7.5-minute gradient elution. The
gradient was: 20% B from 0.0-2.0 min, 20-70% B from 2.0-6.0 min, 70-90% B from 6.0—

7.0, 90-20% B from 7.0-7.1 min, and 20% B from 7.1-7.5 min. The injection volume of all
samples was 10 L.

The compound dependent mass spectrometer parameters, such as temperature, voltage, gas
pressure, etc., were optimized by the auto optimization method as included in the software
pakcage via product ion search for each analyte and the internal standard (IS) using a 1
ug/mL solution in methanol. All analytes were more readily detected in positive ionization
mode. The following mass spectrometer source settings were utilized: nebulizer gas: 2.0 L/
min; heating gas: 10 L/min; drying gas: 10 L/min; interface temperature: 300 °C;
desolvation line temperature: 250 °C; heat block temperature: 400°C. The multiple reaction
monitoring (MRM) transitions for each analyte and IS, as well as their respective optimum
MS parameters, such as voltage potential (Q1, Q3), and collision energy (CE), are shown in
Table 1. Data acquisition and quantitation were performed by using LabSolutions LCMS
Ver.5.6 (Shimadzu Scientific, Inc.).

2.3. Preparation of stock, calibration standards and quality control samples

Individual stock solutions of 1 mg/mL of HCQ, DCQ, BDCQ, DHCQ and HCQ-d4 were
prepared in 50:50 MeOH:H,0. The stock solutions were diluted with methanol to make
working standard solutions, which were further diluted to prepare the calibration standards
(CCs) and quality control samples (QCs). CCs were prepared by spiking 10 uL of mixed
working standard solution into 25 L of blood that had been diluted with 75 uL of water or
tissue homogenate to obtain a concentration range of 1-2000 ng/mL for all analytes. The
obtained CCs concentrations were 1, 2, 5, 10, 50, 100, 500, 1000, 1700 and 2000 ng/mL in
matrix. QCs at four different concentrations including the lower limit of quantification
(LLOQ; 1 ng/mL), low quality control (LQC; 6 ng/mL), middle quality control (MQC; 200
ng/mL) and high quality control (HQC; 1500 ng/mL), were prepared separately in five
replicates, independent of CCs. All the main stocks, intermediate stocks, spiking calibration,
and QCs stock solutions were kept at —20 °C.

2.4. Blood and tissues sample preparation

All analytes were extracted from CCs, QCs, mouse blood, and tissue samples by simple
protein precipitation extraction method (PPT) using ACN. Briefly, 25 uL of mouse blood or
100 pL tissue homogenate of study samples were added into a 1.5 mL polypropylene (PP)
tube and spiked with 10 pL of 1S working solution (HCQ-d4 solution 500 ng/mL). The
solution was vortexed for 30 seconds, followed by dilution with 100 pL of 1% FA and
vortexed once more. Subsequently, 1 mL of ice-cold ACN was added to initiate simple
protein precipitation in the sample. The mixture was vigorously vortexed for 2 minutes,
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followed by centrifugation at 17,950 x g for 20 minutes at 4°C. Thereafter, 950 pL of the
supernatant was transferred to another 1.5 mL PP centrifuge tube and evaporated under
vacuum at 50°C. The dried residue was reconstituted with 100 pL of 0.1% FA:MeOH
(60:40), vortexed for 30 sec and centrifuged again at 17950 x g for 10 minutes at 4°C. The
supernatant was transferred to an autosampler vial and 10 uL was injected.

2.5. Assay Validation

The developed LC-MS/MS method was fully validated according to the Guidance for
Industry: Bioanalytical Method Validation of USFDA (FDA, 2001) [22].

Assay selectivity and specificity was determined by comparing the chromatogram of six
different blank mouse blood or tissue homogenate samples with that of HCQ, DCQ, BDCQ,
DHCQ and 1S-spiked blood or tissue homogenate samples.

The sensitivity of the method was determined from the signal-to-noise ratio (S/N) of the
analyte response in the calibration standards. The S/N ratio was required to be greater than
three for the LOD and greater than ten for the LLOQ.

The calibration curves were established by plotting the peak area ratio (analyte/IS) versus
concentration for all analytes. Each calibration curve consisted of a blank sample, a zero
sample (blank + IS), and ten non-zero concentrations. The acceptance criteria for each back
calculated standard concentration were + 15% standard deviation (SD) from the nominal
value except at LLOQ which was set at + 20%.

Carry-over was checked by injecting two zero samples directly after injecting an HQC
sample. The response of the first zero sample was required to be < 20% of the response of a
processed LLOQ sample.

Accuracy and precision (intra- and inter-day) were determined by analyzing five replicates
of QC samples at four different levels (LLOQ, LQC, MQC, and HQC) in mouse blood or
tissue homogenate for three consecutive days. The acceptance criteria for all the QCs were
+ 15% SD from the nominal values with a precision of + 15% relative standard deviation
(RSD), except for LLOQ, where the limit is £ 20% of SD.

2.6. Recovery and matrix effect

The extraction recoveries at three different QC levels (i.e. LQC, MQC and HQC) were
determined by comparing the peak area of HCQ, DCQ, BDCQ, and DHCQ in extracted
samples with those obtained by equivalent concentration of pure authentic standards for each
analyte in methanol. Recovery of IS was determined in the same way.

The matrix effect was evaluated at three QC levels for each matrix. Blank mouse blood and
tissues from six different animals were processed. After extraction, the dry extract was
spiked with analyte prepared equivalent to QCs. Mean peak area of the analytes spiked in the
blank matrix was compared with QCs prepared in the methanol.
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2.7. Dilution integrity

2.8. Stability

Dilution integrity was performed using two- and five-fold dilutions of the HQC sample. Six
replicates of each concentration (3000 ng/mL and 7500 ng/mL) were prepared in the
corresponding matrixes, diluted to 1500 ng/mL, and analyzed against the fresh calibration
curve.

The stability of HCQ, DCQ, BDCQ, and DHCQ in blood samples following three freeze—
thaw cycles (room temperature to —80 °C to room temperature), long-term sample storage
(—80 °C for 60 days) and bench-top storage (20 °C for 8 h) was assessed by determining at at
LQC, MQC and HQC concentrations (n = 3). Auto-sampler stability of extracted samples
was evalauted at 4 °C for 36 h.

2.9. Animals, drug administration and sampling

All studies were approved by the Institutional Animal Ethics Committee (protocol number
17-020-04-FC). Male BALB/c mice, weight ranging from 25-30 grams were obtained from
the Jackson Laboratory. Animals were housed in the University of Nebraska Medical Center
animal facility at a temperature of 23-25 °C, relative humidity of 50-70% and 12/12 hour
light/dark cycles for one week prior to the experiments in order to acclimatize the animals to
the laboratory conditions. Pharmacokinetic studies and the tissue distribution of HCQ and
metabolites were conducted. Prior to dosing, the mice were fasted overnight (12 hours) with
free access to water and standard mice food was given 2 hours post dose.

Mice were divided into four groups of five mice each. The HCQ was administered
intravenously (i.v.) at a dose of 5 mg/kg of body weight. The dose was selected based on
previous pharmacological reports in mice. The i.v. dose was prepared in isotonic saline and
administered via the tail vein. Approximately 50 pL of whole blood was collected at 0.083,
0.25,0.5,0.75, 1, 2, 4, 6, 8, 24, 48 and 72 hours post dose into heparinized microcentrifuge
tubes. Three blood time points with one terminal time point were collected from every
mouse. Blood samples (25 uL) were transferred to a polypropylene tube and stored at

—80 °C until analysis.

Tissues (liver, lungs, heart, kidney, and spleen) were collected at 6, 24 and 72 hours
following the dosing. Tissue samples were rinsed thoroughly with phosphate buffered saline
to remove blood and then blotted with filter paper. After weighing, each tissue sample was
individually homogenized with deionized water (1:3, w/v) using a TissueLyserll (Qiagen
Science, KY) and subsequently stored at —80 °C until analysis. Blood concentration (ng/mL)
and tissue concentration (ng/g) were determined for each mouse. Drug accumulation in
tissue was assessed by calculating a tissue to blood concentration ratio (Kp) for each tissue.
When the Kp value is greater than 1, it indicates the tissue concentration is greater than the
blood concentration, suggesting drug accumulation in the tissue.

The pharmacokinetic parameters of HCQ and its metabolites in blood were calculated using
non-compartmental analysis with Phoenix WinNonlin 6.3 (Pharsight Corporation, Mountain
view, CA). The maximum concentration (Cpax) and time to Crax (Tmax) Was obtained from
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the concentration time plot. The maximum concentration (Cg) at time zero was extrapolated.
The area under the curve (AUC-c0) Was estimated using the linear trapezoidal method from
0-t)5t and extrapolation from last time point to infinity based on the observed concentration
at the last time point divided by the terminal elimination rate constant (k). The elimination
half life (t1/2) was calculate using the formula of 0.693/k. For intravenous administration,
clearance (CL) and the apparent volume of distribution of the elimination phase (V) were
calculated as dose/AUC(-c and dose/k* AUCy-o0, respectively. The tissue to blood (Kp)
ratio was calculated by using the following formula:

Kp=Concentration in Tissue/Concentration in Blood

3. Results and discussion

3.1. Chromatographic and mass spectrometric conditions optimization

To optimize MS conditions for detection of HCQ and its metabolites, ESI and atmospheric
pressure chemical ionization (APCI) conditions were tested. It was found that the signal
intensity of all analytes and the IS was higher by using the ESI source in positive mode
compared to the APCI probe. During method optimization, the mass spectra for HCQ, DCQ,
BDCQ, HDCQ and IS revealed peaks at m/z 336.4, 292.3, 264.4, 308.5 and 340.4,
respectively as protonated molecular ions, [M + H]+. The fragmentation of analytes and IS
were auto-optimized via precursor ion search of approximately 1000 ng/mL of stock
solution for each analyte. The most abundant precursor > product ions with the highest
sensitivity for HCQ, DCQ, BDCQ, DHCQ and HCQ-d4 were found to be m/z 336.4>247.3,
292.3>114.4, 264.4>179.3, 308.5>179.3 and 340.4>251.4, respectively (Figure 2). The
compound dependent parameters such as voltage potential Q1 (V) and Q3 (V), and collision
energy (CE) were also optimized to obtain the highest signal intensity for all the analytes
and IS (Table 1).

In order to achieve a higher peak resolution and shorter chromatographic times for the all
analytes, various chromatographic conditions, such as different analytical columns, different
mobile phases (i.e. acetonitrile, methanol and water) and additives (i.e. formic acid, acetic
acid, ammonium acetate and ammonia) were tested. Complete and rapid chromatographic
resolution of analytes and IS was achieved with a gradient elution of the mobile phase on
Thermo Aquasil Cqg (50 x 4.6mm, 31) column equipped with a C18 guard column, with no
significant interference from the biomatrix or endogenous compounds. Overall, 0.2% FA
and 0.1% FA in MeOH as a mobile phase, at a flow rate of 0.5 mL/minute with a column
temperature of 40 °C, produced the best peak shape for all the analytes. The retention times
for HCQ, DCQ, BDCQ, DHCQ and HCQ-d4 were 4.7, 4.6, 3.8, 4.0 and 4.6 min,
respectively. HCQ-d4 was selected as the IS because it had similar chromatographic
behavior without prolonging the analysis time and similar ionization response to that of the
analytes. Typical representative overlay chromatograms with blank plasma indicated no
interference of endogenous compounds at the retention time of HCQ, DCQ, BDCQ, DHCQ
and HCQ-d4, for samples spiked at the LQC concentration Figure 3. Further, the
reproducibility (%CV) in the measurement of retention time for the analytes was 0.5% for
100 injections (data not shown).
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3.2. Assay validation

3.2.1. Specificity and selectivity—The specificity of the method was evaluated by
analyzing blank blood or tissue homogenate samples from six different animals to
investigate potential interferences at the retention time of all analytes and IS. No co-eluting
peaks that were > 20% of the analytes area at LLOQ level and no co-eluting peaks > 5% of
the area of IS were observed. The representative UPLC overlay chromatogram with blank
plasma, samples spiked at LQC concentration is shown in Figure 3. The retention time for
HCQ, DCQ, BDCQ, DHCQ and HCQ-d4 were 4.7, 4.6, 3.8, 4.0, and 4.6 min, respectively.
Analytes and IS peak showed less variability with a RSD well within the acceptable limit of
+ 5%.

3.2.2. Calibration curve and linearity—The method exhibited a linear response over
the of concentration range from 1 to 2000 ng/mL for all analytes, with a coefficient of
determination of 0.998 or better. The results were fitted using linear regression with the use
of 1/xZ weighting. The lowest concentration with RSD <20% was taken as LLOQ and was
found 1.0 ng/ml.

3.2.3. Carry-over—The analytes showed no significant peak (< 20% of the LLOQ) in zero
samples injected after the HQC samples. Thus, there was no significant carry over effect.

3.2.4. Accuracy and precision—The inter-day accuracy and precision results for the
detection of HCQ and metabolites in mouse blood and tissue samples at four different
concentrations are presented in Table 2. The RSD of precision values ranged from 2.3 to
12.9%, indicating acceptable assay precision. The accuracy of the quantitative analysis of
the compounds was within the acceptance limits at all concentration levels.

3.3 Recovery and matrix effect

The recovery of analytes was calculated from the spiked blood and tissue samples at the
LQC, MQC and HQC concentrations. The absolute mean recoveries are provided in Table 3
for HCQ, DCQ, BDCQ, and DHCQ, respectively. In addition, the extraction recovery of
HCQ-d4 was 81.5 + 7.3%. The matrix effects for all the biological samples ranged from
93.45 t0 105.26%.

3.5 Dilution integrity

3.6. Stability

The dilution integrity was confirmed for samples that exceeded the upper limit of the
standard calibration curve.

Table 4 summarizes the data from stability experiments, where the mean concentration
(expressed as percentage accuracy from nominal concentration) at each level is presented
together with SD. In the different stability studies, analytes were found to be within + 15%
of the actual concentration at the LQC, MQC and HQC concentrations.
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3.7. Application of the method for pharmacokinetic studies

The developed and validated LC-MS/MS method was successfully applied to the
determination of HCQ pharmacokinetics and tissue distribution following a single i.v. dose
of HCQ (5 mg/kg) in mice. The blood concentration vs. time profile for the HCQ and its
metabolites is shown in Figure 4. The pharmacokinetic parameters of HCQ and DCQ in
mice are summarized in Table 5. The compound reached a maximum concentration (Cg)
1747 £ 329 ng/mL of HCQ and (Cipax) 36.1 + 11.2 ng/mL of DCQ in blood. The value of
area under curve (AUCq_oo) Were determined as 5578 + 882 and 384 + 83 hrxng/mL for
HCQ and DCQ, respectively. The apparent volume of distribution and clearance of HCQ
was found 17 + 4 L/kg and 0.9 £ 0.2 L/hr/kg, respectively. The plasma elimination half-life
(t12) was 13 £ 1 hrs and 14 + 6 hrs for HCQ and DCQ, respectively. Both HCQ and DCQ
were detected in plasma up to 72 hrs which was the last time point monitored. The
percentage extrapolation of AUC from the last measured time point to infinity was less than
5 %.

Concentrations of HCQ and all three major metabolites were detected in all studied tissues
(Table 6). In addition, our data show that the tissue to blood concentration ratio (Kp) is =1,
indicating accumulation of HCQ in tissues (Table 6). The HCQ Kp ratio for the various
tissues were observed in the descending order of lungs>kidney>spleen>liver>heart, whereas
for HDCQ, DCQ, and BDCQ the liver was found to have the highest Kp ratio. Higher
concentrations in different tissues suggest that further toxicological studies are required to
investigate the relation between drug concentration and effect, both therapeutic and toxic,
after repeated dosing. With multiple lines of evidence suggesting the metabolites of HCQ
are active and at least partially related to HCQ efficacy and toxicity, this method will allow
for the characterization of exceedingly low concentrations of HCQ and its metabolites in
small animal studies.

Preclinical studies investigating the therapeutic effects of HCQ have empirically used blood
concentrations following the administration of the maximum tolerated dose (MTD) of the
drug. There is a lack of information regarding tissue distribution of HCQ, and even less
information regarding metabolite concentrations accumulating in tissues and tumors. To
evaluate the effects of combination therapy on tumor response and drug toxicity, it is critical
that assays be developed that are sensitive enough to quantitate drug concentrations in
tissues and tumors. Moreover, several of the metabolites of HCQ are active, and the relation
between metabolite concentration and efficacy or toxicity is unclear. Developing an
enhanced understanding the PKs of HCQ and metabolites in animal models, and their
interaction with other therapies are crucial in characterizing and further optimizing
combination therapies involving HCQ.

4. Conclusion

We have developed a sensitive and reproducible LC-MS/MS method for quantitating HCQ
and its metabolites (DHCQ, DCQ, and BDCQ) in blood and tissues. The LLOD is superior
to previous reports, 1 versus 25 ng/mL, and the assay performance (linearity, precision, and
sensitivity) and a total run time of less than 8 minutes make this analytical method ideal for
high-throughput bioanalysis and routine pharmacokinetic applications. Furthermore, only a
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limited amount of biological sample is required, 25 pL of blood or 25 mg of tissue, which
allows for the determination of drug levels in organs that are inherently small in mice. This
method will be a particularly important in understanding the pharmacokinetic/
pharmacodynamic relation of HCQ and metabolites, either as a single agent or in
combination with other drugs. Therefore, the current LC-MS/MS method provides a
valuable tool to improve our understanding of the efficacy and safety of HCQ therapy.
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Highlights

. We developed a LC-MS/MS method for the quantitation of
hydroxychloroquine (HCQ) and metabolites.
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HCQ, DCQ, BDCQ, DHCQ, and D4-HCQ
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MS/MS Product ion spectra of (a) HCQ, (b) DCQ, (c) BDCQ, (d) DHCQ and HCQ-d4 (IS)

in positive mode
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Figure 3.

Representative MRM ion-overlay chromatograms (Blank plasma and standard spiked at
LQC level) of (a) HCQ, (b) DCQ, (c) BDCQ, (d) DHCQ, and (e) HCQ-d4
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Figure 4.
Blood Concentration-Time profile of HCQ, DCQ, BDCQ, and DHCQ, after 5 mg/kg

intravenous administration of HCQ (Mean £ SD, n=5).
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Table 4

Mean stability recoveries of the HCQ, DCQ, BDCQ and DHCQ at different storage conditions in blood.

% Stability recoveries (Mean + SD)

Freeze-thaw (=80 + 5 °C after

Analyte three cycle) Long-term (-80 £ 5 C, 60 days) Auto-sampler (4 C, 36 hrs)  Bench-top (20 °C 8 hrs)
HCQ 90.7 +4.2 91478 103.4+8.6 107.3+7.8
DCQ 95.2+6.5 96.2 +10.5 98.5+9.6 10.35+£8.7
BDCQ 105.3+4.3 103.4 £11.2 107.2 +10.7 109.4 1.6
DHCQ 107.2+7.9 954 +8.7 1035+7.8 102.2+8.8
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Table 5

Pharmacokinetic parameters of HCQ and DCQ after 5 mg/kg intravenous administration of HCQ (Mean £ SD,
n=5).

Parameters Estimates (mean + SD)
HCQ DCQ
Co 1746.9 + 329.0 -
Crnax (ng/ml) NA 36.1+112
ty, (hr) 127+11 13.7+56

AUCy_oo(hrxng/mL)  5577.8+881.8 383.9+83.2
AUCq_jast (hrxng/mL)  5490.6 +890.0 369.3 +74.3
Vg (L/kg) 17.0+43 NA
Cl (Lihrikg) 0902 NA

Abbreviation: C0: concentration at time 0 hr, Cmgax: concentration at time tmax, AUC: area under the curve from 0 to oo hr, \Vd: volume of
distribution, CI: clearance, t1/2: terminal half-life. NA: Not applicable.
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