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Instrumental analysis of chloroquine and hydroxychloroquine in
different matrices
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Sebaiy MM, Abdelazeem Al, Aboulfoutouh A. et al Instrumental that have been developed for determination of two important antimalarial and
analysis of chloroquine and hydroxychloroquine in different anti-COVID-19 drugs which are Chloroquine and Hydroxychloroquine in their
matrices.Cur Res Integr Med 2022; 7(2):1-9. pure form, combined form with other drugs, combined form with degradation
ABSTRACT products, and in biological samples.

Currently, the emergence of a novel human corona virus, COVID- 19, Key Words: COVID-19; Chloroquine; Hydroxychloroquine; degradation products;
has become a global burden causing severe symptoms and death. In this biological samples.

literature review, we will introduce most of up-to- date reported methods

INTRODUCTION
Quinoline derivatives such as Chloroquine (CQ) and uv
Hydroxychloroquine (HCQ) are used to treat malaria. These Pharmaceu  Spectrophoto
. . tical metry using
drugs have not yet been licensed for the treatment of viral HCQ formulatio 0.IN HCl as Jan-20
infections, and there are no well-controlled, prospective, n solvent
randomized clinical trials or evidence to support their use in 343 UgimL ceeeee 3]
patients with coronavirus disease (COVID-19) [1]. oV
Due to the rapidly spreading pandemic caused by extreme acute Phatrlme;ceu Spectrophoto
respiratory syndrome-coronavirus-2, dubbed coronavirus disease HCQ forrTIEJ?atio metry using 08-Dec 0,38
(COVID-19) in 2019, CQ and HCQ are now gaining worldwide n 0.01M HCI p
m
attention in treatment strategy. The use of CQ/HCQ in the as solvent 342 pg/mL HQL [4]
treatment of COVID-19 clinical syndrome has been restricted uv
thus far 2] Spectrophoto
Due to the current importance of these drugs in the treatment of HCQ Raw metry using 343 1o T— (5]
material dil. HCl as
pandemic COVID-19, this literature focuses on different solvent
analytical methods that have been developed for the ug/mL
determination of these drugs in different pharmaceutical and
. . uv 251 0,37
biological samples.
Spectrophoto : m
ANALYTICAL METHODS HCQ Tablets metry (AUC o, 02-Dec MY [6]
method)
Various techniques were used for the analysis of CQ and HCQ in
. . . . . . pg/mL
pure forms, in their pharmaceutical formulations and biological
fluids [Table 1-5]. The available reported methods in the literature uv 10,88 - 0,99
can be summarized as follows: co Tablets Specmtgﬁ)yhoto 343 30,56 ugL/m 7]
TABLE 1
pug/mL
Spectroscopic methods Tablets
injections Frist
and syrup derivative
. Method or hma Linear Re formulatio spectrophoto
Drugs Matrix Reagents xm()n ity LOD f metry > 550
ns. ,5-
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Spectrofluorimetric methods

cQ 349 pgimL - 8]
cQ,
Pyrimetha
mine and Pharmaceu lon pair
Trimethop tical complex with 420 1,25 0125 9]
rim formulatio bromocresol
n and urine urple
PP 875 MM
L
pg/mL
Up to
CQ and lon pair 120
) Urine complex with
it's 410 mg/L 3 [10]
metabolite samples bromothymol
blue
mg/L
lon-pair
CQ and complex with
Pyrimetha molybdenum Feb-42 [11]
mine and
hi
Tablets thiocyanate 467 pgml e
. Up to 32 0,3
lon-pair
Urine complex with ng/m
cQ samples methyl 420 Hg/mL L (12]
orange
Colorimetric
test, Dill-
Glazko's
Urine test,_a_nd
samples LlJ)V/V;)smle 329 15 [13]
cQ spectiomerry &, e mg/la
343 nd
uv 0,13
] Pharmaceu ’
CQ and its A
degradatio tical - Spectrophoto 220 01-Oct pg/m [14]
formulatio metry L
n products
n
pg/mL
0,27
Tablets, m
suspension lon pair Jan-20 “?_
and complex with an- 015
injections bromocresol '
green and ug/m
cQ bromocresol 420 Hg/mL L (15]
purple -0,5-12
ng/mL
uv
Spectrophoto
metry using
0.06 M 7.2. [16]
monosodium
phosphate ., .o,
CQ Tablets buffer pH 6.8 343 19,2
ng/mL
285 50-250 [17]
Difference
spectrophoto
cQ &
Tablets metry 345 ug/mL -
uv 10-
co Tablets spectrometry 254 64ug/mL (18]
TABLE 2
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Fluroge Aex .
nic (n L|int;e/ar
Dru . Reagent Aem(n
gs Matri x (Method m) m) Range LOD Re f.
0.05 M 01-Oct 07; [19]
cQ Tablets H,S0. 339 368  pg/mL ng
M 4.0 3.3x1
sodium
Tablets
and doﬁ’f‘?" 50003 O 120]
spiked ~ SUEE
human (pH 10) 3
cQ plasma ug/mL ug/
mL
330 369
Up to
10 mg/ml 330- 0.625 [21]
suspens in
cQ on distiled 300 400  mgmL e
water
TABLE 3
Chromatographic methods
Line
) LO
Mat Mobile Dete artt D Ref
. Column y
rix phase ctor
Drugs
Fluor
esce
nce
detec
tion
at
337
HCQ  Hum (Sfo'eﬁe
and its an divi)::ylbe Methanol nm 4
metabolit plas (80): Water
es ma “e“?)
packing
(20) with
triethylamin 0 1 [22]
e, (pH 11)
ug/m  ng/
L mL
(79:20: 1)
0.03 M
HCQ sodium
and its phosphate
major CN buffer, pH -4
metabolit 7.0:ethanol
es :
acetonitrile
(cyano-
Plas " bonded ool 144 14
silica)
ng/m  ng/
nm. L mL [23]
Fluor
. esce
Hexane: nce
tert butyl
ether: 0.5% de_tec
tion
n-
at
380
HCQ
and three butylaminin
p Upto
major methanol nm 1000 5-
metabolit (1:1:2)
es
Bloo na/m
d and gL 10
urine
obs rrllglf 24]
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HCQ
and three
major
metabolit
es

quinin
e, HCQ,

cQ,
and
desethyl
c
hloroquin
e

HCQ,
cQ

and
some
corticost
e roids

Enanti
o-
selective
analysis
of the
metabolit
es of
HCQ

HCQ and
its active

Plas
ma

Seru
m,

and

whol

e
blood

Seru

Rat
liver
micro
some

OoDS

( cyano
column -
chiral-
AGP

column))

CN

(sulfoph
e
nylpropy
-

modified
silica)

Nova-
Pak Cis
(150 x

3.9mm,
Opm)

Chiralpa
k AD-
RH

column

protecte

d with an
RP-8

guard
column

Hypersil
Gold aQ

Phosphate
buffer-
methanol:
ethanol:
Triethanola
mine
(78:22:1:0.
0

8, VIv)

0.015M

K2HPOsbuf
fer:
Methanol:
ACN
(20:30:50)

47059
NH4ClO4

Methanol:
water
(98.5:1.5)+

hexane:iso
p ropanol
(92:8, Viv)

plus 0.1%
diethylamin
e

A gradient
of water

Fluor
esce
nce
detec
tion
at
385

nm

Fluori
metry
(excit
ation
wavel
ength
, 215

nm)

UV at
sever
al
wavel
ength

UV at
343 n

m

metabolit
es
-2
24
1<
-24 ng/
mL
244
and
200- [25]
2000
ng/m H
L cQ
4.4
- HCQ,
fon 40 2
e minocy
cline
and
mg/L  mg  [26] doxycycli
/m ne
L
25-
2000 [27]
nmol
/L
HCQ
and its
metabolit
es
-04 10
ug/ HCQ
444 mgL and its
metabolit
ng/m [28] es
L
-20
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column
Bloo
d
oDs
Hypersil
C18
Bloo column
d
(250x6
mm, 5
pm)
Acquity
BEH
Phenyl
(2.1 x50
Bloo mm 1.7
d pm)
octadecy
| silane
Luna Cis
Bloo
d
Mous
e
b;?]%d Thermo
tissu Aquasil
es Cis (50 x
4.6 mm,
2p)

and
methanol
acidified
with 0.1%
formic acid

Water and
(acetonitril
e
:methanol:
50:50, v/v)
in 75:25 viv
ratio, with
sodium 1-
pentane
sulfonate
and
phosphoric
acid (pH 3)

1%
Triethylami
ne and 1
mM oxalic
acid in
water
adjusted to
pH 2.4 with
orthophosp
horic acid

at 85%

A water—
methanol—
acetonitrile
(02:14:02,

v

V)
mixture
containing

3.2mM SD
S

A gradient
elution
using 0.2%
formic acid
and 0.1%

formic acid
in
methanol

MS/
MS

UV at
343

nm

uv

at
343 n

Fluor
esce
nce
detec
tion
at
370

nm

MS/
MS

2444

ng/m

0.1-

20.0

pg/m
L

-1.0

Mg/m
L

2044

ng/m

tol

2000

ng/m

ug/
mL

ng/
mL

ng/
mL
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Hum
an
blood
HCQ
Table
HCQ ts
HCQ
and its
metabolit
es
Bloo
d
HCQ
enanti Bloo
om ers d
HCQ
and its
metabolit
es
Bloo
d

Agilent
ZORBA
X

Eclipse
XDB -
Cs

Agilent
Zorbax
Cs

U-HPLC
RP1s

Chiralpa
k AD-H

column
4.6

mm x 10
0mm, 5

umy))

XTerra
phenyl®
column
(250 x

4.6 mm,
0 um;
Waters,
MA,
USA)

0.10%

formic

acid—
acetonitrile
(94:6, Viv)

0.01M of 1-
pentane
sulfonic
acid and
0.02% of

Ortho
phosphoric
acid in
purified
water with
acetonitrile
and
methanol

(800: 100:
100 v/v)

Piperazine
buffer (46.4
mM, pH =

9.8) and
acetonitrile
(68:32, v/v)

n-hexane-
isopropano
1(93:7, viv)
plus 0.5%
DEA into
hexane

Glycine
buffer/sodi
um
chloride
(PH 9.7,

100 mM)

and
methanol
(46:54; viv

L

MS/

MS -0
2444
ng/m

L
UV at

254 -20

nm 244
Hg/m

L
Fluor
esce
nce
detec

tion

at

390

nm 125 -
4000
ng/m

L
UV at Jan-
343n 25
pg/m

m L

Fluor
esce
nce

detec
tion

at

380

nm -4
444
ng/m

L
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ng/
mL

2.2

ng/
mL

44

g/
mL

20

ng/
mL

Table
ts
HCQ
[34]
HCQ
and Its Bloo
two d
metabolit
es
[35]
Hum
an
plas
ma
cQ
and HCQ
HCQ
[36] and its
metabolit
es &
Azithrom
Hum
cin an
Y plas
ma
(371
Bloo
HCQ d
[38] HCQ Hum
and its an

X-terra

phenyl
column
(204 x 0.

6 mm,

5 pum)

YMC-

Triart C1s
column
(250 x

4.6 mm,
0 um)

Agilent
Zorbax
SB-C1s

PFP

column
(2.0 x 50

mm, 3
pm)

Kinetex
Cg (2.1

50 mm,
2.2 ym,
Phenom

e nex,
Torrance

, USA)

Acetonitrile
and buffer
in the ratio
70:30 viv
respectivel
y

mM 24
sodium
phosphate
buffer
solution
containing
0.25%

triethylamin
e (pH
8.0)—

acetonitrile
(60:40, v/v)

%4.1 %20

trifluoroace

tic acid and
5%

methanol,
evolved in
8 minutes

to 50%
methanol

0.1% TFA

in
acetonitrile

0.10%

formic acid
and 0.01
and 0.01%
triethylamin
e in water
(or
acetonitrile

)

Hexane/me
t
hanol/etha
n ol
(96:2:2,
Vv/viv) plus
0.2%

uv

at
220

nm

Fluor
esce
nce
detec
tion
at
405

nm

uv

at
343 n

MSs/

UV at
343

-4.24

pg/m
L

2444

ng/m

1000

ng/m

10 -

2000

ng/m

4.4

22 [39]

pg/
mL

10

ng/
mL

[41]

[42]

42 [43]

ng/
mL

ng/

[44]



major
metabolit
es

CQ and
primaqui
ne

cQ,

mono-
desethyl
c
hloroquin
e,
diazepa
m

, and
nordiaze
pam

cQ
and
desethyl
c
hloroquin
e

CQ and
quinine

cQ,

Pyrimeth
amine
and
Cetirizine

urine
Chiralcel
OD-H
Table  Hypersil
ts C18
Bondapa
k Cs
column
(30 cm x
3.9 mm,
14 pm)
Bloo
d
Thermo
Hypersil
Gold
Cis, 250
mm
x2.1
mm, 5
um
Bloo
d
Hum
an
plas
m a,
eryth
r
ocyte
s and
Inertsil
urine silica
(250 mm
X 4 mm,
0 um)
Hum
an Purosph
seru erCisg
m

dleth)élamm nm 1444
ng/m
L
-4.42
Acetonitrile UV at
and0.1% 260  +2%
aqueous
: . mg/
triethylamin nm mL
e
0.0125M
potassium
dihydrogen
phosphate
solution
and 1N
phosphoric
acid
(99.90:0.10
VIv): UV at 4
acetonitrile 343
nm 1444
ng/m
L
1%
diethylamin
e,
acetonitrile
and
methanol
(20:55:25,
o UV at
VIVV) 256 n 25 -
m 1500
ng/m
L
Fluor
acetonitrile esce
nce
and
detec
methanol— tion
25%
at
375
ammonia
solution nm -20
(92.7:7.5,
viv) 1444
ng/m
L
methanol:
water
(70:30) at
pHof2g U730 1%
nm ug/m
L
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TABLE 4
HPLC methods
[45] Statio Lineari L
Drug Mat Mobile phase nary Dgte ty O Ref
rix ction
4.4 phase range D
1 [46] HCQ, 120 46
iy
mg zﬁz’[e, Serum methanol S‘!l'%% UV at —100 84 50]
/m Sulfasal and urine 25% : ?: 254 340
L azine ammonia
’ (8:2:3 viv)
ng/
plates nm 4ng m
L
/mL
Hexane:
diethyl
ether:
methanol:
diethyl
anime (37.5
CQ and Tabl ets Silica UV at
primaqu and caps :37.5:25:0.5 gel 60 254 4- 16 [51]
14 ine ules F 254
viv). lates nm. 33
ng/ ) p! ;lg
mL ug/ mL an
[47] Plas ma 0
and urine
Tg:gfhnﬁ : Silica Fluor
CQ and samp le. anime (9:1 gel escen - 1 [52]
Desethy V) ’ plates ce
| chloroq Viv).
uine. mu
- mo
|
L
Ammonia : Silica
methanol in gel 60 Colori
methyl tert plates metric
butyl ether with and UV
0.2 (MTBE) impreg 254
’ 18:8 nat ed
CQ and
desethyl fluorop :
ng/ us] chlorog viv. hor e nm 0l-May 0.2 [53]
mL uine
Urine pg/ mL 5
Hg
/m
L
cQ,
Azethro Methanol Silica
mycin 25%:amonia UV at :
and Tabl ets (100: 15 ge'I:GO 254n 0.1 [54]
paraceta VIv) .
0
ng/
mgL [49] plates m 10
mg/ mL
TABLE 5
Electrochemical determination
Drugs Matrix Electrode Linearity LOD Re f.
Cathodically
pretreated

(CPT) boron-
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Tablets and
urine

HCQ

HC Tablets and

Q urine
HC
Tablets
Q
Tablets and
human
serum
cQ
Pharmaceuti
cal
formulation
cQ
Tablets and
CcQ biological
fluids
CQ Tablets
Pharmaceuti
CQ cal
Preparations
CQ Serum

doped
diamond

(BDD)
electrode

Polymeric
membrane
(PMEs) and

modified

carbon paste

(CPEs)

electrodes

which are

based on
sodium

tetraphenyl
borate

(NaTPB) or
ammonium
reineckate

(Rt) as
sensing
materials

Glassy
carbon
electrode

Glassy
carbon
electrode
modified with
reduced
graphene
oxide on WS
2 quantum
dots

Boron-doped
diamond
(BDD)

electrode

Poly(vinyl
chloride)
membrane
electrodes
Carbon paste
electrode
modified with
Cu(OH)2
nano
-wire

Two types of
polyvinyl
chloride

(PVC)
carbon paste
and dsDNA-

modified
carbon paste
electrodes

glassy carbon
electrode
modified with
electrochemic
ally
polymerised

methyl
orange

mulz2-

mol/L

1.0 x
102-1.0
x 106
mol/L

2x10°5-
5x

104
mol/L

0.5-02

0.01 -
0.25

umol/L

0.01 -
100 mM

0.068 -
6.88
ug/mL

1.0 x
10'- 1.0

x 106 M
1.0 x
102-1.0

x 1070
mol/L

0.06
mu
mol/L

5.0 x
10-2
mol/L

Hg/mL

4.10
uM

2 nmol-

0.02

0.01
pg/mL

3.2 x
106

3.0 x
10-0
mol/L
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[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

(PMO) and
multi-walled
carbon
nanotubes
(MWCNT)

1.0x10-

CQ Tablets and 7-
3.5x10-6
mol/L mol/L

8.9x10°
8 [64]

covalent
modification
of glassy
carbon
electrode
(GCE) by
self-assembly
HCQ of a novel
Schiff base
In the
presence of
Uric Acid
2x10-5
10 5x10- 11.2 [64]

4 M pg/mL

CONCLUSION
This literature review represents an up to date survey about all
reported methods that have been developed for the determination of
Chloroquine and Hydroxychloroquine in their pure form, combined
form with other drugs, combined form with degradation products,
samples such as  spectrophotometry,

and in biological

Spectrofluorimetry, liquid chromatography, electrochemistry, etc
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