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Abstract

COVID-19 has been a threat throughout the world since December 2019. In attempts to discover

an urgent treatment regime for COVID-19, hydroxychloroquine (HCQ) and chloroquine (CQ) have

been on solidarity clinical trial. However, many countries have pulled HCQ and CQ from their

COVID-19 treatment regimens recently, some countries still continue using them for patients who

have previously started HCQ and CQ and they may complete their course under the supervision

of a doctor. HCQ and CQ are 4-aminoquinoline drugs and it is safe to use them for autoimmune

diseases, rheumatoid arthritis, systemic lupus erythematosus and malaria as well. Determination

of CQ, HCQ and their metabolites in biologic fluids and in pharmaceuticals has great importance,

especially for pharmacokinetics, pharmacodynamics and epidemiological studies. In this review,

liquid chromatographic methods developed in the last 10 years were summarized focusing on

sample preparation and detection methods for HCQ and CQ determination in biological fluids and

pharmaceutical preparations. It is hoped that this article could be helpful to facilitate the use of

these drugs in clinical trials or drug research studies as it provides comprehensive information on

the reported analytical methods.

Introduction

In Wuhan City, in December 2019, Chinese scientists have named a

new coronavirus as severe acute respiratory syndrome coronavirus

2 (SARS-CoV-2) following the pneumonia outbreak and it was

subsequently named as novel coronavirus disease 2019 (COVID-19)

by World Health Organization (WHO). Coronavirus is a group of

viruses categorized under alpha and beta coronavirus (1). There were

15,538,736 confirmed cases with 634,325 deaths declared on 25

July 2020 (2). Many trials had been designed globally for COVID-

19 treatment and chloroquine (CQ) and hydroxychloroquine (HCQ)

were used as the two candidate molecules. CQ and HCQ or in some

cases both in combination with other drugs were used globally (3).

Even though in some countries it had stopped to be used in the

treatment since the 17th of June, patients who have already started

CQ/HCQ may complete their course under the supervision of the

doctor. Drugs are accepted as safe to use in patients with autoimmune

diseases or malaria (4).

CQ and its hydroxy-analogue HCQ are 4-aminoquinoline drugs.

The exception of COVID-19 treatment trials, CQ/HCQ are the

molecules that were used to cure malaria since 1955 (5). Due to

its less toxicity as well as immunomodulatory and antithrombotic

properties HCQ is used to treat antiphospholipid syndrome, rheuma-

toid arthritis (RA) and systemic lupus erythematosus (SLE). HCQ

also has a sensitizing effect on cancer cells when radiation and
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chemotherapy were used (6). Although the efficacy of CQ/HCQ

has been attributed to different mechanisms, they were used in the

treatment of coronaviruses like SARS-CoV, SARS-CoV-2 (1, 7, 8)

due to the inhibition of the viral entry directly and spread in vitro

and in vivo models. CQ/HCQ inhibits the terminal glycosylation

of ACE2 protein acting as a receptor entering the cell by the new

coronaviruses. SARS-CoV-2 spike protein interacts less with non-

glycosylated ACE2, further inhibits viral entry (8). CQ/HCQ are

heme polymerase inhibitors in Plasmodium species which prevent

the conversion of heme to hemazoin. Diffusion of CQ/HCQ into

lysosomes and endosomes results in protonation of drugs, their weak

base character gives a rise in surrounding pH due to the accumulation

of the drugs in lysosomes and subsequently prohibiting viruses to

enter into the cells. If the pH of the lysosomes is altered, autoimmune

diseases show reduced self-antigen presence and it is interfered that

the plasmodia proteolysis the hemoglobin for the energy need. The

dimerization of alpha and beta chains of the large histocompatibility

complex (MHC) class II are prevented by antigen processing and the

inflammatory response of the cell reduced. The recycling of MHC

complexes is changed by the high pH in the vesicles. Due to the self-

peptides bind to low-affinityMHC complexes, T cells play less role in

the autoimmune system. Probably, interleukin-1 and tumor necrosis

factor released as cytokines through Toll-like receptors are decreased

by the accumulation of CQ/HCQ. CQ and HCQ affect the lysosome

functions both in humans and plasmodia (9, 10).

HCQ was first synthesized in 1946 by the addition of a hydroxyl

group to CQ to reduce toxicity. Experimental animal studies showed

that CQ was 2–3 times more toxic than hydrochloroqune (11).

CQ/HCQ both possess an asymmetric carbon atom resulting in two

enantiomers and only their racemic mixtures are available commer-

cially (12). Using racemic mixtures in therapy needs extra attention

due to the possible cause of toxicity or adverse drug effects dealing

with pharmacologically inactive or less active isomers (13). A toxicity

data proved more toxicity for R- (+) isomer of CQ compared to its

S- (+) form which has a very similar structure to HCQ. This may

explain the less toxic effect of HCQ as well as its higher solubility

compared to CQ (8, 11, 13–15). Retinopathy is one of the severe side

effects of CQ/HCQ resulting with in visual impairment is possibly

caused by free chloride radical formed by breaking the C-Cl bond

(16–18). Other reported side effects are headache, various skin erup-

tions, drowsiness, visual disturbances, nausea, vomiting, cardiovas-

cular collapse, shock, convulsions, respiratory arrest, cardiac arrest

and hypokalemia (19).

CQ is N-dealkylated primarily by CYP2C8 and CYP3A4 to

N-desethylchloroquine ((R)-CQ, N-desethyl—NDCQ). By using

CYP3A5, CYP2D6,CQ is N-dealkylated to a less extent and it is even

lesser when used CYP1A1. N-desethylchloroquine can be more N-

dealkylated to N-bidesethylchloroquine (NBCQ), also by even more

N-dealkylating it can be converted to 7-chloro-4-aminoquinoline

(CAQ). In this manner, CYP3A4 can be used to N-dealkylate HCQ

to get desethylhydroxychloroquine (DHCQ) which is the major

metabolite as well as the inactive metabolites desethylchloroquine

(DCQ) and bidesethylchloroquine (BDCQ) (20) (Figure 1). Some

chemical, physical and pharmacological properties of CQ and HCQ

are summarized in Table I.

There are different reported analytical methods to determine

CQ/HCQ and their metabolites to date but no review article is

available to summarize the developed analytical methods focusing

on liquid chromatography for the quantification of CQ/HCQ in

different matrices. This reviewmainly relates the evaluation of sample

preparation techniques and LC methods with several detections

Figure 1. Chemical structures of CQ, HCQ and their related metabolites.

developed for CQ/HCQ focusing last 10 years. Sample preparation

techniques, chromatographic conditions and validation results are

summarized in Tables II and III, respectively. We believe it will be

helpful to researchers who would like to develop new methods both

in COVID-19 therapy and antimalarial use of CQ/HCQ.

Methods

Sample preparation

For the sample preparation of CQ/HCQ different techniques were

used including protein precipitation (PP) (6, 33, 34, 40–45) and

several extraction methodologies like liquid–liquid extraction (LLE)

(5, 38, 39, 46–52), solid-phase extraction (SPE) (37, 38, 53, 54),

96-well plate LLE (55, 56), microextraction techniques (57) as well

as different sample collection techniques as volumetric absorptive

microsampling (VAMS) (36) and dried blood spotting (DBS) (36–39).

Protein precipitation

PP is a commonly employed technique relatively crude but rapid

sample clean-up can be accomplished by the addition of an organic

solvent, a non-ionic surfactant and inorganic salts or certain metals,

subsequently evaporation of supernatant under a nitrogen stream and

reconstitution of the residue in the mobile phase (66, 67). For the

analysis of HCQ and its metabolites in whole blood; zinc sulphate

and methanol (40), perchloric acid (36) and methanol (43, 49) had

been used as PP reagent. Determination of HCQ in breast milk was

accomplished by using methyl tert-butyl ether and NaOH together
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Table I. Some Chemical, Physical and Pharmacological Properties of CQ and HCQ

CQ HCQ

Molecular weight (g/mol) 320 (21) 336 (21)

Chemical formula C18H26ClN3 C18H26ClN3O

IUPAC name 7-chloro-N-[5-(diethylamino)pentan-2-yl]quinolin-4-

amine

2-({4-[(7-chloroquinolin-4-

yl)amino]pentyl}(ethyl)amino)ethan-1-ol

Solubility Freely soluble in water as phosphate and sulfate form (12) 2.61.10-2 g L−1 (in water as sulfate salt) (13, 22)

pKa 4.0, 8.4 and 10.2 (23) <4.0, 8.3 and 9.7 (23)

Log P 3.85 (experimental)

4.12 (calculated from Clog P) (24)

4.72 (experimental)

5.06 (calculated from Clog P) (24)

Absorption 89 ± 16% (oral, fasting subjects) (21) 74 ± 13% (oral, fasting subjects) (21)

Bioavailability 52– 102% (mean 78%) as 300 mg oral solution form

67–114% (mean 89%) as 300 mg tablets form (25)

Relative bioavailability was 109.5% (according

to AUC0–60d) and 110.7% (according to

AUC0–∞) (0.2 g HCQS tablets) (26).

Cmax 122.10– 733.52 ng mL−1 (oral 150 mg CQ tablets) (27) 135–422 ng mL−1 (oral 200 mg HCQS tablets)

(28)

Imax 14.0–28.0 days (oral 150 mg CQ tablets) (27) 1.5–7.0 h (oral 200 mg HCQS tablets) (28)

Volume of distribution 65,000 L (29) 47,257 L (29)

Protein Binding 33–70% (plasma) (21) 33–70% (plasma) (21)

Terminal elimination half-life 20–60 days (21) ∼40 days (21)

Excretion 40– 60% unchanged or metabolized drug through

kidneys

8–25% unchanged or changed for in feces

5% sloughed off through skin

25–45% stored long-term in lean body tissues (21)

40–60% unchanged or metabolized drug

through kidneys

8–25% unchanged or changed for in feces

5% sloughed off through skin

25–45% stored long-term in lean body tissues

(21)

Clearance 0.10 L h−1 kg−1 from whole blood and 0.7 to

1 L h−1 kg−1 from plasma (30)

15.5 L h−1 from blood (14)

with CQ as internal standard (41). Parvinizadeh et al. (53) applied PP

by using acetonitrile to serum sample, the study also includes extrac-

tion processes of HCQ by using (Ni@MIL-100(Fe)@MIP) sorbent

at pH 9, shaking followed by collecting the sorbent by an external

magnet and removing aqueous solution, adding methanol as eluent

solvent and subsequent analysis by LC.HCQ and DHCQ determined

in human whole blood samples by LC–MS/MS using methanol as PP

reagent (49). PP performed by dilution of the sample with 1% formic

acid solution and addition of ice-cold ACN tomouse blood and tissue

samples (6). Due to the quenching fluorescence of HCQ at high pH

(42) cold MeOH and cupric sulphate (3 mM) were used as a PP agent

instead of perchloric acid (33). One hundred percent ACN (45, 47)

was preferred as PP reagent among 100%MeOH (44), 10% aqueous

zinc sulphate solution in ACN and inMeOH (5: 95, v/v) solutions due

the highest mass to signal ratio of the analyte (34).

Solid-phase extraction

SPE is a powerful sample preparation technique providing selectivity,

flexibility, relatively simple procedures, availability of repacked car-

tridges and high automation potential (68) and could be both used

for the enrichment of the analytes or the interferences. HCQ was

determined in blood samples via a VAMS device (tip) made from a

proprietary hydrophilic polymer served as a sorbent of the SPE (36).

Both plasma and whole blood samples were extracted on 96-fixed

well plates by pretreatment of ACN, further treatment with PB pH 7.0

and ACN mixture, finally elution with ACN-formic acid (95: 5, v/v)

mixture (54). An automated liquid handler platform used to process

whole blood, plasma or punched discs of DBS samples spiked into

96-well plates as well as the removal of phospholipids, solid–liquid

extraction to determine CQ and DCQ (37).

Liquid–liquid extraction

LLE is a simple technique consisting of the transfer of a solute from

one solvent to another and mixing followed by a phase separation.

It provides high selectivity and clean sample extracts as well as

simplicity and low cost, it is attractive and widely used method to

separate compounds of different polarities (55, 69). HCQ and its

metabolites were determined in whole blood by LLE using diethyl

ether (46). Pharmacokinetics of HCQ in Japanese patients suffering

SLE was carried out by using tert-butyl ether as extraction solvent

and samples were further processed prior to LC–MS/MS analysis

(48). In another study,HCQ samples were extracted with ammonium

solution and diethyl ether where CQ was used as internal standard

(5), similarly HCQ was determined in whole blood using 0.33 M

perchloric acid (70). The 96-well LLE plate makes possible on-going

and efficient extraction of analyte from an aqueous biological matrix

and organic extraction solvent by using inert diatomaceous earth

particles filled in a 96-well filter plate (56). 96-well LLE is superior in

terms of price compared to SPE as well as LC–MS/MS compatibility

and low consumption of organic solvents compared to SPE and LLE.

PP with zinc sulphate and subsequent use of a 96-well filtration plate

applied to whole blood samples containing HCQ and its metabolites.

Lipids and phospholipids were removed with water prior to 96-

well filtration (40). Following LLE with cold MeOH and chloroform

final extracts of HCQ and its metabolites in liposome samples were

processed through 96-well filtration prior to LC–MS/MS analysis

(50). A mixture of n-hexane and ethyl acetate for CQ, DSCQ and PQ

determination in human plasma (51); hexane and tert-butyl methyl

ether mixture for the analysis of whole blood and DBS samples

(38) and methyl t-butyl ether (MTBE)/isooctane for the extraction

of plasma samples (52) were used as LLE solvents.



4 Bilgin et al.

Table II. Summary of Sample Preparation Techniques and Chromatographic Conditions for Determination of HCQ and CQ in Biological

Matrices and Pharmaceutical Dosage Forms

Compound Matrix/matrices Sample

preparation

Solvent(s) used in

sample preparation

Mobile phase LC column Detection References

HCQ, DCQ, BDCQ

&DHCQ

25 µL of mouse blood or

100 µL tissue homogenate

PP ACN Formic acid in W and 0.1%

formic acid in MeOH

Thermo Aquasil C18

(50 × 4.6 mm; 3 µ)

MS/MS (6)

HCQ 100 µL serum PP Perchloric acid (0.33 mol/L) W (or ACN) with 0.1%

formic acid and 10 mmol/L

ammonium formate.

Hypersil Gold C8

(50 × 2.1 mm; 5 µm)

MS/MS (33)

HCQ 50 µL of human blood PP ACN 0.1% formic acid in W-ACN

(94:6, v/v)

Agilent ZORBAX Eclipse

XDB—C8 (50 × 2.1 mm;

5 µm)

MS/MS (34)

HCQS HCQS 200 mg gelatin hard

capsules

– Distilled water MeOH:ACN:ammonium

acetate 0.1 mol/L (45:15:40,

v/v).

ZORBAX Extend C18 (150

x 4.6 mm; 5 µm)

FL (35)

HCQ, DHCQ, DCQ

& BDCQ

10 µL of human whole blood PP Perchloric acid (70%) 0.1% formic acid and

0.01% triethylamine in W

(or ACN).

Kinetex C8 (2.1 × 50 mm;

2.6 µm)

MS/MS (36)

CQ & DCQ Human whole blood (50 µL)

& plasma (100 µL) & DBS

(50 µL)

DBS and SPE Blood: 2% formic acid

Plasma: ethyl acetate

ACN-ammonium formate

20 mM with 1% formic acid

(15:85, v/v)

Zorbax SB-CN

(50 mm × 4.6 mm; 3.5 µm)

MS/MS (37)

CQ & DCQ 150 µL human whole blood

and 80 µL finger-pricked

capillary blood spot

DBS and LLE Hexane and tert-butyl

methyl ether (1:, v/v)

1% diethylamine, ACN and

MeOH (20:55:25,v/v/v)

Thermo Hypersil Gold C18

(250 × 2.1 mm; 5 µm)

UV (38)

HCQ, DCQ &

DHCQ

50 µL of human whole blood PP Zinc sulfate (0.1 M) and

MeOH

Piperazine buffer (46.4 mM,

pH = 9.8) and ACN

ACQUITY BEH Shield RP18

UPLC (1.7 × 100 mm;

2.1 µm)

FL (40)

HCQ 200 µL breast milk PP Methyl tert-butyl ether and

sodium hydroxide

ACN-Phosphate buffer

(13:87, v/v)

A Shim-pack CLC-C18

(6 mm × 15 cm; 5 µm)

FL (41)

HCQ, DCQ &

DHCQ

200 µL of human whole

blood

PP Cold MeOH and cupric

sulfate (3 mM)

Glycine buffer/NaCl

(pH 9.7) and MeOH (46:54,

v/v)

XTerra phenyl®

(250 × 4.6 mm, 5 µm)

FL (42)

HCQ,

DHCQ,DCQ&BDCQ

100 µL whole blood PP MeOH W and MeOH with 0.1%

formic acid

Hypersil Gold

(50 mm × 3 mm; 3 µm)

MS/MS (43)

CQ 100 µL pig plasma PP ACN MeOH-W (70:30, v/v,

3.5 mM ammonium formate

and 0.2% formic acid)

HILIC Plus (100 × 4.6 mm;

3.5 µm)

MS/MS (45)

HCQ, DHCQ, DCQ

& BDCQ

500 µL of human whole

blood

LLE NH3 and diethyl ether W-MeOH–ACN (47:10:43,

v/v/v) mixture containing

3.2 mM SDS

Luna C18 (150 × 4.6 mm;

5 µm)

FL (46)

HCQ 50 µL of human plasma LLE ACN 0.6% formic acid aqueous

solution:MeOH (80:20, v/v)

Phenomene × Kinetex C18

(50 × 2.1 mm; 2.6 µm)

MS/MS (47)

HCQ 100 µL of blood and 100 µL

of plasma

LLE Ammonium formate

(pH 9.5) and methyl

tert-butyl ether

ACN:20 mM ammonium

formate (pH 3)

Phenomene × Gemini C18

(50 × 3 mm; 3 µm)

MS/MS (48)

HCQ 400 µL of animal plasma LLE Diethyl ether W:(ACN:MeOH:50:50, v/v)

(75:25, v/v) with sodium

1-pentanesulfonate and

phosphoric acid

Hypersil C-18

(250 × 6 mm, 5 µm)

UV (5)

HCQ 180 µL human whole blood LLE Ammonium formate water

soln containing 0.2% formic

acid

Ammonium formate in

MeOH or W; containing

formic acid (70:30, v/v)

Phenomene × Kinetex PFP

100A (50 × 4.6 mm;

2.6 µm)

MS/MS (49)

CQ & FSC 100 µL liposome LLE Cold MeOH and chloroform 0.2% formic acid in W &

ACN

for CQ: Atlantis C18

(150 × 2.1 mm; 5 µm) for

FSC: Luna C18

(150 × 2.0 mm; 5 µm)

MS/MS (50)

HCQ 1 mL of human blood serum SPE ACN MeOH:W (70:30, v/v) Eurospher II 100-5 C8 (150

x 4.6 mm; 5 µm)

UV (53)

CQ & DCQ 100 µL human plasma and

100 µL whole blood

SPE Blood: ACN Plasma: 25 mM

phosphate buffer (pH 7.0)

25 mM potassium phosphate

buffer pH 2.60:ACN (88:12)

Zorbax SB-CN

(150 × 4.6 mm; 5 µm)

DAD (54)

HCQ Immediate-release

formulation

– 0.1 N HCl W + Sodium Pentane

Sulfonate+Phosphoric Acid

(pH 2.5) and ACN

Kinetex XBC-18

(250 × 4.6 mm; 4 µm)

UV (58)

HCQ In-vitro: ester prodrugs of

HCQ and five different aryl

acetic acid NSAIDs In-vivo:

wistar rats blood

– Blood: EDTA Release: HCl

buffer (pH 1.2) and

phosphate buffer (pH 7.4)

Phosphate buffer (0.1 M,

pH 3.0 ± 0.1):ACN (55:45,

v/v)

Thermo Hypersil Gold C18

(250 × 4.36 mm; 5 µm)

UV (61)

HCQ 100 µL of human whole

blood

– 0.33 M perchloric acid 10 mM ammonium formate

and 0.1% formic acid in W

or ACN. Isopropanol, ACN,

acetone (40:40:20, v/v/v)

TFLC: Cyclone

(50 × 0.5 mm) Analytical:

Hypersil Gold C8

(50 × 2.1 mm; 3 µm).

MS/MS (62)

W = Water; ACN = Acetonitrile; MeOH = Methanol; API = active pharmaceutical ingredient.
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Table III. Analytical Method Validation Parameters for Determination of HCQ and/or CQ

Method Compound LOD/LLOD LOQ/LLOQ Linearity Recovery (%) R 2 Reference

LC–MS/MS HCQ, DCQ,

BDCQ & DHCQ

– 1 ng mL−1 1–2,000 ng mL−1 84.1 ± 12.9 0.998 (6)

LC–MS/MS HCQ – – 5.0–2,000 ng mL−1 – 0.998 (33)

LC–MS/MS HCQ 2 ng mL−1 5 ng mL−1 5–2,000 ng mL−1
>92 0.9999 (34)

LC–FL HCQS 0.004 µg mL−1

(LOD)

0.01 µg mL−1 (LOQ) – – 0.9959 (35)

LC–MS/MS HCQ, DHCQ,

DCQ & BDCQ

5 ng mL−1 10 ng mL−1 (LLOQ) – – 0.9907 (36)

LC–MS/MS CQ & DCQ – 1.82 ng mL−1 – 93–102 for whole

blood 56–64 for DBS

69–80 for plasma

– (37)

LC–UV CQ & DCQ – 50 ng mL−1 for DBS

25 ng mL−1 for whole

blood

25–1,500 ng mL−1 74–87 0.997 (38)

LC–MS/MS CQ, Q, AQ, SD,

MF, LF, PYM &

PQ

7 ng mL−1 20 ng mL−1 – 94.3–118.1 >0.99 (39)

UPLC–FL HCQ, DCQ &

DHCQ

5 ng mL−1 10 ng mL−1 (LLOQ) – – – (40)

LC–FL HCQ – – 0.2–2 µg mL−1 90–110 0.9998 (41)

LC–FL HCQ, DCQ &

DHCQ

25 ng mL−1 50 ng mL−1 (LLOQ) 50–4,000 ng mL−1 ∼55 >0.995 (42)

LC–MS/MS HCQ, DHCQ,

DCQ & BDCQ

– 25 ng mL−1 25–2,000 ng mL−1
>93 >0.99 (43)

LC–MS/MS CQ & DCQ – 1.0 ng mL−1 1.0–500 ng mL−1 73.7 to 79.0 >0.999 (44)

HILIC–MS/MS CQ – 1 ng mL−1 (LLOQ) 1–100 ng mL−1 92–98 >0.99 (45)

RP LC–FL HCQ, DHCQ,

DCQ & BDCQ

1 ng mL−1

(LLOD)

20 ng mL−1 (LLOQ) 1–2,500 ng mL−1 – – (46)

LC–MS/MS HCQ – 0.2 ng mL−1 (LLOQ) 0.4–100 ng mL−1 91.87–97.84 – (47)

LC–MS/MS HCQ – 1 ng mL−1 (LLOQ) 1–1,000 ng mL−1 – 0.998 (48)

LC–UV HCQ 240 ng mL−1

(LOD)

840 ng mL−1 (LLOQ) 100–2,000 ng mL−1
> 95 0.9991 (5)

LC–MS/MS HCQ – – 2–500 ng mL−1 – – (49)

LC–MS/MS CQ & FSC 0.04 ppb – 0.1–100 ng mL−1 – 0.9942 (50)

LC–DAD CQ, DCQ & PQ – 10.32 ng mL−1 20–2,000 nM 73–85.4 0.993 (51)

UPLC–MS/MS CQ & DCQ – 0.2 ng mL−1 0.2–1,000 ng mL−1 89.34–108.42 0.995 (52)

LC–UV HCQ 0.2 µg L−1 0.67 µg L−1 1–300 µg L−1 96–103 0.9927 (53)

LC–DAD CQ & DCQ 4 ng mL−1 10 ng mL−1 10–5,000 ng mL−1 77–82 for blood 92–89

for plasma

>0.999 (54)

UPLC–DAD CQ & PQ 0.01 mg mL−1 0.03 mg mL−1 0.09–0.21 mg mL−1 98.0–102.2 >0.99 (59)

LC–DAD CQ & PQ 0.01 mg mL−1 0.03 mg mL−1 0.09–0.21 mg mL−1 98.0–102.2 >0.99 (59)

LC–DAD CQ 6 g mL−1 21 g mL−1 30–360 µg mL−1 98–100 >0.99 (60)

TFLC–MS/MS HCQ – – 15.7–4,000 ng mL−1 – – (70)

Volumetric absorptive microsampling

VAMS is a new microsampling technique using a device consisted of

a holder and a tip (63). When the tip of the VAMS device is dipped

into the blood, a fixed amount of it has been absorbed by capillary

action. Qu et al. used the VAMS technique for the sampling of HCQ

and its metabolites in capillary blood by fingerpick, device was dried

on a dedicated rack, subsequently, samples were easily extracted

from water by mixing with internal standard and perchloric acid

as PP reagent. The use of VAMS device for the sample preparation

of HCQ and its metabolites resulted in an accurate 10 µL sample

collection (36).

Dried blood spotting

DBS is a non-invasive and simple blood sampling method comforting

patient compared to conventional venous blood sampling (64). It is

safe for both the subject and the worker as well as its storage and

transportation which does not require cold chain or fragmentation,

which is a big concern involved in plasma, serum or whole blood

sampling (38). Besides, it can easily be used in children due to its

applicability with a small amount of blood (37). DBS processing

involves a collection of blood; preparation of blood spots; drying of

blood spots; elution of analytes from DBS card and analyses of DBS

eluates (65). Qu et al. (36) used both DBS and VAMS techniques for

therapeutic drug monitoring (TDM) of HCQ and its metabolites. The

capillary blood was collected from 44 patients using both techniques.

Minimal volume of blood to fill DBS cards were not supplied by

about 20% of the patients. However, all patients’ blood was collected

successfully with the VAMS device, it could possibly due to a 10 µL

small volume of blood enough for the VAMS device. It was also

reported that due to difficulty in spreading the blood homogeneously

in DBS cards and spot size’s being dependent on blood viscosity, the

VAMS device was chosen over DBS cards (36). Cheomung et al. (38)

worked with DBS cards to separate CQ and DCQ in whole blood,

using hexane and tert-butyl methyl ether mixture. Five pressed discs

were used which is equivalent to 15 µL of whole blood into 96-

well plate (37). Several antimalarial drugs and two active metabolites

were analyzed using 10 µL of DBS sample providing an advantage in

transportation and storage (39).

Liquid chromatographic methods

Recently developed LC methods to determine CQ/HCQ and related

metabolites in either biological fluids or in pharmaceutical prepara-

tions were categorized by detection types as UV spectrometric, flu-

orimetric and tandem mass spectrometric methods. Several different



6 Bilgin et al.

wavelengths were used for the UV detection such as 254 nm (53),

343 nm (5, 54), 240 nm (61), 254 nm (58), 343 nm (5), 331 nm (51),

256 nm (38), 260 nm (59), 250 nm (60) as well as different flow rates

0.8 mL (53, 61), 1.0 mL (38, 51, 58–60), 1.2 mL (54) and 2.0 mL (5).

Fluorimetric detections were performed using 335 nm (40), 320 nm

(46), 325 nm (35), 337 nm (41), 320 nm (42) for excitation and

390 nm (40), 370 nm (46), 375 nm (35), 371 nm (41) 380 nm (42) for

emission wavelengths, respectively. Ambient temperature as well as

40◦C (40, 46), 50◦C (42) were used as column temperature to obtain

better separation of analytes of interest. Electrospray ionization and

multiple reaction monitoring were performed with positive mode in

most of the developed LC–MS/MS methods (6, 33, 37, 39, 43–45, 47,

49, 50, 52, 70).

The overall chromatographic conditions of CQ/HCQ determina-

tion and the sample preparation procedures used by the researchers

between the years [2010 and 2020] (including brackets) were sum-

marized in Table II.

Results

For all the methods summarized in Table II, the analytical method

validation parameters were given in Table III represented by linearity,

recovery, LOD, LOQ and regression coefficient.

Liquid chromatographic methods based on

ultraviolet-spectrometric detection

HCQ and CQ were well separated with good shape peaks. After

single IV administration of drug, the mean values of different phar-

macokinetic parameters were calculated and the calculated AUC was

higher as compared to the given i.v. dose, so this difference proves

the nonlinear pharmacokinetic (5). The developed methods for the

determination of commonly prescribed DMARDs in biological flu-

ids including HCQ were summarized (31). Dispersive microsolid-

phase extraction (DMSPE) method was used for HCQ determination

sulphate and a new MIP sorbent was synthesized. The effects of

various parameters by a Box–Behnken design and combined by a

desirability function. The method also facilitated the process by

reducing time consumption applying to real human serum samples

followed by LC-UV (53). To minimize the HCQ accumulation in

non-targeted sites ester drugs were synthesized and them in vivo

behavior, in vitro stability and hydrolysis kinetics were evaluated

in aqueous buffers and tissue homogenates of rats. Intact pro-drug

peaks were observed by LC analysis (61). The dissolution method

in the USP monograph for HCQ was developed for water-based

suspension formulation which was improved for precision in dosing

and conformity in pediatric patients (58). CQ and DSCQ were

determined in 9 P. vivax malaria patients administered 25 mg/kg of

CQ. Extraction recoveries were found >70% for CQ and DSCQ.

Stock solutions were stable for 20 days at −14◦C as well as plasma

samples for 6 h at room temperature and 90 days at −20◦C (51).

A SPE-LC method was developed for CQ and DCQ determination

in whole blood and plasma samples obtained from 14 Plasmodium

vivax patients given CQ at a dose of 25 mg base/kg. The optimum

concentration of sodium perchlorate in mobile phase mixture was

found as 2 mM, analytes were ideally separated in 10 min. The

stability of drugs plasma samples was studied at ambient temper-

ature in the autosampler and in freezer at −20 and − 80◦C (54).

Determination of CQ and its active plasma metabolite DECQ were

performed by using finger-pricked capillary in blood samples of

10 Thai patients with P. vivax malaria given 2,000 mg CQP. UV

detection was shown to be as sensitive as fluorescence detection (38).

A UPLC-DAD method was developed for simultaneous quantitation

of CQ and primaquine in tablet formulations and compared with LC.

UPLC and HPLC techniques show very small differences between the

results of retention time and tailing factor of peaks. UPLC method

(1.5 min) took almost half of the time needed for the regular HPLC

method (3.0 min) (59).

Liquid chromatographic methods based on

fluorimetric detection

HCQ was separated from its two major metabolites and other

unknown peaks in whole blood samples obtained from 37 lupus

patients dosing with 200–600 mg/day HCQ. Analytical performance

of the method was evaluated according to FDA guidelines. No signifi-

cant carry-over observed following 2,000 ng mL−1 injection of HCQ,

DCQ and DHCQ with satisfactory accuracy and precision results

within 15% RSD. However, the method provides a relatively long

runtime of 18 min compared to another method using 1.2 mL min−1

of flow rate. Cold MeOH and cupric sulphate mixture were used as

PP reagent. Method was validated including freeze-thaw, short-term

and postpreparative stability studies of HCQ and its metabolites (42).

Quantification of HCQ and its metabolites in whole blood samples

of 85 patients with lupus, administered 100–400 mg of HCQ was

performed by UPLC. A simple PP was used by 96-well plate and

satisfactory LLOQs as compared to LC–MS/MS allowing TDM in

children (40). An ion-pairing LC method was developed for HCQ,

DHCQ,DCQ and BDCQ, in whole blood samples obtained from SLE

patients and undergoing HCQ treatment. Same samples were used by

another LC/MS–MS method developed and two methods confirmed

each other. Sodium dodecyl sulphate was used as ion-pairing reagent

and the column oven temperature was set at 40◦C to increase reso-

lution and to reduce peak tailing. Whole blood from samples were

diluted with water to lyse the erythrocytes and alkalized to increase

the recovery; however, obtained recoveries were very low as between

25 and 60% compared to other techniques (46). The compatibility

of HCQ with tablet excipients was evaluated using thermal and

nonthermal stress testing including sample storage during a month

under 75% RH and 40◦C conditions and the developed LC-FL

method was conducted for quantification (35). HCQwas determined

in breast milk samples obtained from 33 patients after administra-

tion of 200–400 mg doses. No significant difference was obtained

indicating linear PK process for HCQ; however milk composition,

milk pH and polymorphism of CYP2D6 were not investigated in our

study (41).

Liquid chromatographic methods based on mass

spectrometric detection

A forced degradation with alkaline hydrolysis and oxidation was

studied by UPLC-UV-MS/MS for CQ determination in tablets and

resulted with the forming of two degradation products (47). A

7 min method was developed for the determination of HCQ in

human blood samples by TFLC–MS/MS using a simple PP using

perchloric acid. Observed carry-over was minimized by including a

wash step after elution of the analytes (70). A bioequivalence study

for two different formulations of HCQ, LC–MS/MS method was

performed in human whole blood using pentafluorophenyl column

with functional side chain interacting with quinoline group of HCQ

to enhance the resolution (49). Mouse blood and several tissues were

used in a pharmacokinetics and tissue distribution study following

a single i.v. dose of HCQ (5 mg/kg). Obtained data showed the
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accumulation of HCQ in tissues; however, further toxicological

studies are required to investigate the relation between drug con-

centration and effect both therapeutic and toxic, after repeated

dosing (6). Another bioequivalence study of a generic with reference

formulation of HCQ was performed in healthy subjects dosed with

0.2 g of HCQS tablets. The stability of HCQ in plasma samples

was evaluated at room temperature and with a freeze-thaw study.

Although the formulations were assumed bioequivalent as result

the study was not performed in patients in clinical practice (47).

In a clinical study blood and plasma drug concentration-time data

of patients dosed with HCQS of 200–400 mg/day were analyzed

using nonlinear mixed-effects model software and a stability study

was performed as well (48). To reevaluate results obtained with

plasma samples over whole blood, a turbulent flow LC–MS/MS

method was developed for more robust assays. Online sample clean-

up by TFLC allows depletion of high molecular weight matrix while

retaining HCQ and metabolites. The developed method reduced

total sample processing time to ∼5 min with minimal carry-over

increasing lab efficiency (34). To quantify HCQ concentration in

whole blood samples of patients suffering small cell lung cancer

LC–MS/MS was used in a phase-I clinical trial. The method offers

a large linearity within the range of 5–2,000 ng mL−1 and short

analysis with 3 min runtime (33). An overdose HCQ consumption

in a suicide attempt was determined by an LC–MS/MS method using

PP as a sample preparation technique. HCQ and its metabolites were

quantified within a range of 75–97% recovery and a stability assay

was performed (43). Antimalarial drug fosmidomycin and CQ was

determined successfully in the liposomal preparations with a LOD

level of 0.04 ppb (50). Simultaneous determination of CQ and DCQ

in human plasma samples was performed with two sample prepara-

tion techniques. PP and LLE results were compared to minimize the

carry-over and to increase recovery. PPwas chosen bymeans of higher

recovery and sensitivity, a stability and photodegradation study was

conducted as well (44). HILIC–MS/MS was used to determine CQ

in the plasma of miniature pigs 0.2 g CQ orally administered.

Good peak shaped and resolution were obtained by the addition of

ammonium formate and formic acid to the mobile phase mixture.

Although the validation results were satisfactory, using two pigs

not provided adequate data for a statistical pharmacokinetic study

(45). CQ and DCQ were determined from whole blood, plasma

and DBS samples using automated liquid handler platform into 96-

well plates following a phree phospholipids removal 96-well plate.

Samples were prepared with CBA-fixed SPE 96-well plate cartridges

and solid–liquid extraction; 96-well plate and LLE for whole blood

and plasma, respectively. Results obtained with DBS were higher

due to the accumulation of CQ in red blood cells (37). Plasma

samples obtained from 30 RA patients were prepared by LLE and

the effect of lithium heparin and citrate phosphate dextrose as anti-

coagulants were compared and no significant difference was found

(52). Simultaneous determination of seven antimalarial drugs includ-

ing CQ in healthy subjects were performed by LC–MS/MS. DBS

was used for sample preparation and effects of punching position,

blood spot volume and hematocrit on DBS sampling were assessed.

Hematocrit value should be standardized to get more accurate results

with DBS (39).

Discussion

Sample preparation is the longest, the most time consuming and

tedious process of an analysis. The easier technique of sample prepa-

ration methods is to convert a matrix into a sample suitable for

analysis. This process is inevitably changing the interaction between

components and their chemical environment which are detected

through the physical and chemical properties of the analyte and

matrix, affecting the recovery and reproducibility. The solubility of

the molecule and the specific functional groups should be evaluated

to find the appropriate sample preparation and chromatographic

separation technique (31). Sulphate and hydrochloride form has the

best solubility in water, respectively, for HCQ and CQ (12, 22, 31),

and a better separation is obtainedmostly when reversed-phase-based

liquid chromatography is used due to the polar groups embedded

in the chemical structure. The aqueous medium is the first solvent

preferred to solve a drug substance due to the environmental friendly

chemistry and the polar character of the small molecules. Since HCQ

interacts with erythrocytes (32), in most of the studies (33, 34) the

quantitation of HCQ and metabolites was performed in whole blood

over plasma/serum,which is simpler matrix types compared to whole

blood.

Determination of drugs in biologic fluids has a great importance

due to TDM demonstrating therapeutic efficacy, pharmacokinetic

and pharmacodynamics properties, severe side effects caused by

elevated blood concentration as well as epidemiological studies. LC-

based methods are primarily applied separation techniques for the

analysis of CQ and HCQ as well as their metabolites from whole

blood, plasma and/or pharmaceutical preparations. Different types

of reversed-phase columns were used such as C18 (5, 6, 35, 38, 40,

41, 43, 44, 46, 50–52, 58–61, 70), C8 (33, 34, 36, 53), CN (37,

54), HILIC (45) and phenyl (42); however, C18 was the most used

one. C18, C8 and octadecyl groups, including silica, can contribute

to prevent sacrificing the peak shapes for CQ, HCQ and related

metabolites.

Since CQ and HCQ possess conjugate double bonds and func-

tional groups, they could be detected fluorimetrically and more

sensitive methods were developed as compared to UV detections. The

distribution of sample preparation techniques and LC methods with

different detections are given in Figure 2.

CQ and HCQ elute quickly (in 7 min or less) owing to the

polar character and small molecule structure in most of the studies.

Residual silanol groups in the silica-based column materials may

interact with analyte molecules at neutral or low pH values thus

resulting mostly in peak tailing (46). Since CQ, HCQ and related

metabolites are basic compounds, the addition of trimethylamine

(36, 40) or diethylamine (38) as a strong base to the mobile phase

could reduce the charging of silanol groups with analytes having

polar tertiary amine groups. However, this approach may change the

character of the column and the use of strong basic mobile phases are

needed for the elution of drugs which may deteriorate the column.

To increase the ionic strength of the mobile phase phosphoric acid

(5, 51, 58, 61) or phosphate buffer (41, 60, 61) could be added to the

mobile phase which could prevent secondary retention. These two

approaches with nonvolatile acids or buffers are only suitable with

UV and FL detection could damage MS. Increasing the formic acid

concentration in the mobile phase causes a decrease in the interaction

with the column due to the basic character of the analytes (45). Since

the retention of polar compounds are weak in reversed-phase LC

and adding strong ion-pairing reagents to mobile phases could harm

MS and column, HILIC was offered as an alternative with its higher

separation power (45).

LC coupled UVmethods are mostly used techniques in drug deter-

mination (71, 72) due to their ease to use and cheapness; however,

low sensitivity and selectivity provided are not enough for clinical

studies most of the time. FL detection is more selective and sensitive
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Figure 2. The distribution of sample preparation techniques and liquid chromatographic methods with different detections.

as compared to UV and may be as effective as mass spectrometric

methods in biological fluid samples containing very low amounts of

drug (73, 74). Although the instrument is relatively sophisticated and

expensive, mass spectrometric detection provides a high-throughput

analysis of large sample batches even without preconcentration with

repeatable results since most of the drug substances do not have

enough double bonds or functional groups to exhibit FL (75, 76).

Solvent consumption could be reduced by downscaling conventional

PP, LLE and SPE (57). Due to high sensitivity, low LLOQ, and

short runtimes LC–MS/MS would be preferred over UV and DAD

detections especially.

Conclusion

There is still no special drug or vaccine available to cure COVID-

19; however, promising drug candidates and a variety of vaccines

are currently in different stages of clinical trials. HCQ and CQ were

used widely for the treatment although they have the limitations

of toxicity. Liquid chromatographic techniques are the first meth-

ods preferred for quantitation, TDM as well as pharmacokinetics.

Since many liquid chromatographic methods are described for the

determination of HCQ/CQ in pharmaceutical dosage forms and

biological samples, this review is intended to provide an overview

of developed methods available between 2010 and 2020 focusing

on different sample preparation techniques, detection modes and

chromatographic conditions, which will help researchers on method

development studies.

Manuscript Preparation Criterion

Electronic searches were conducted in PubMed, Google Scholar,

Science Direct, ACS Publications, Web-of-Science and Research Gate

databases by searching for keywords related to HCQ, CQ, deter-

mination of HCQ, determination of CQ on July 5–20, 2020. The

electronic searches were limited only between the years 2010 and

2020, including the years 2010 and 2020. However, only some of

these publications are used for bringing scientific relevance about

the study topic. Sample preparation and detection methods were

reviewed and broadly summarized in this article.
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