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Measurement guide for quantitative analysis of antiviral drugs in serum
using LC—MS/MS
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3.1 ISO/IEC 17025:2005 General requirements for the competence of testing and
calibration laboratories.
3.2 ISO/IEC Guide 98-3:2008 Uncertainty of measurement - Part 3: Guide to the
expression of uncertainty in measurement (GUM: 1995).
3.3 Kim B, et al.,, "Development of a certified reference material for the
determination of acrylamide Anal. Chem.
398:1035-1042(2010). doi: 10.1007/s00216-010-3953-8. Epub 2010 Jul 14.

3.4 Abady MM, Jeong JS, Kwon H]J. Development and validation of an analytical

in potato chips” Bioanal.

method using liquid chromatography-tandem mass spectrometry for the
in clinical

2023

therapeutic drug monitoring of seven cardiovascular drugs
] Chromatogr B Analyt Sci.
1:1214:123552. doi: 10.1016/j.jchromb.2022.123552.

3.5 Rosli N, Kwon HJ, Jeong JS. Simultaneous quantification method for multiple

usage. Technol Biomed Life Jan

antiviral drugs in serum using isotope dilution liquid chromatography—tandem
spectrometry. Available SSRN:
https://ssrn.com/abstract=4511166 or http://dx.doi.org/10.2139/ssrn.4511166

mass pre-printed version at
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srolch LC-MS/MS 7|4 U3 shstuye sjEdoz %
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6. 2o HBAl H A 24 dE

6.1 LC-MS/MS 7]

LCAEl= olsd A2 Al 27184, HE=Z:, %‘J F2&x, AEAe FU7=
4"t ojtf H=o] F% HPLC o] ge Ut (> 20 MPa)= 72}717 AHEE & Ue
1A "Huog 7]87] 82(gradient elution)’} 7tsst A8 = (quaternary
pump 2+ binary pump)E ARgStth A HAMEUHEE= WY2h 91 @ 2 7|50 lo]
=4 52 SNT 2 b =P ASYUT. AR HF AEIA
AFEA7](Triple-Quadrupole  (QQQ)) 2Hg st ARS=AR-H|[JAIE
AeFE A0 (Quadrupole-time of flight (Q-TOF)= &8 7153ttt & 7ho]|EoA=

WatersAte] Acquity UPLCR}t Xevo TQ-S MSE HdZASH LC-MSA|AHELS 7]|&0F
ot, AFRA7] AHES Holde AL FIS8ANAAEA =2 AALAAZ])7E A

TH| = ofoF giet.

<

6.2 315}R %



B35 0.01 mg, weighing capacity 220 g (9], Mettler Toledo, XP205)

6.3 A2 Ayl
AURE7] 1 12,000 rpm ol HEot L& Aoj7t JF5d AR

Z7] 74 "ol UYAIBIAX]| 7} A ﬁWixﬂ
H

6.4 717 % AleF
714+ ¢ 10 ~ 15 mL tube, 1.5 ~ 2 mL tube, micropipette (0.02 ~ 0.2 mL, 0.1 ~ 1 mL),
Rk Al ™Al spatula, 438 Alg o8 filter unit (0.2 pm pore size,

PVDF membrane filter), o]-=A} 74 of 1HAFX]
Alef 1 ol (18 MQ), ofNIEYE™ (HPLC grade), WE2 (HPLC grade),

A B2EEE A FHEcRA 22 (7.1 AR)

B ORH O YRR A8 FuolP Ak EE

. EAF ) _
Neg 5latal CAS no. IR} A S Crnax
(g/mol)
Hydroxy-
] C18H6CIN3O 335.872 118-42-3 oratajo} 34 -45 ng/mL
chloroquine
Chl i C1gHy6CIN 319.872 54-05-7 ata]ot 0.72 ymol/L
oroquine . -05-
e = (0.25-1.38)
Favipiravir CsH4FN;0, 157.104 259793-96-9 ol = 2R} 51.5 pg/mL
Umif i CgoH25BrN,03S 477.415 131707-23-8 ds=Art 0.41 /L
mirenovir 22195 BT N2 U3 . COVID-19 . meg
Ritonavir C37H4sNgO5S,, 720.948 155213-67-5 HIV/AIDS 832 ng/mL
Lopinavir C37H4gN405 628.814 192725-17-0 HIV/AIDS 9.8 + 3.7 pg/mL




7.2 LCY] #H]

7.2.1 o540 Fu] : ofefet e x4, B olo] Fshk a0 AW o5
Alzet & Fdofapgxl = of sttt
A: 0.2% (v/v) formic acid in 10 mM ammonium formate
B: 0.2% (v/v) formic acid in methanol
722 2ol ME . AAF olyuA A EEPPL HUF 3, 2P HmAL

s

" Ao ma} conditioningg 3tch. &= o]
Ao At 7187 &2 =223 Aot
7.3 MS/MS9] Z]
7.3.1 ZEHE &2 0 A4 FF 2FQS =skal nitrogen gas gauges QI
E =

MSE ASAA X A2 AFPLY| AFL9E HAstn A
2has

T2 4.

(e}
7.3.2 o]est 27 : o]lkgiHo=z ESI ionization) positive(+) ion
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7.4.2 717] tune up @ &8 UAE MS Als7tzo| w2t m&E8MS oF 10 ~ 100
mg/kg Jr =2 o]zAo] At &, 1 mL &F°] A|AXY AAst 87]o] di1
mass interface®}t

S
L T
o} T-mixer 52 Z&3lo] olEAI mEZAO] YL oI

AAt

Aede 3 AMEYZ lsty Zb st 2 A2t MS parameter=2
MRSttt AAst 27404 precursor ion ¥ product iong Ast1 (E 2)
AMAEAME Soll, retention time 4, peak areal] ¥IEEAY ALE &
AEstA 25 24 25 At

E 2.6 FT9 Fuoly =AY WRIEFEZH MSMS XA AAF precursor ion

product ion3} Z71

.. . lonization

Precursor Product Collision Declustering
Analytes . . . Temperature

ion (m/z) ion (m/z) Energy (V) potential (V) )
Hydroxychloroquine 336.2 247.1 110 30 500
Chloroquine 320.2 247.1 100 24 500
Favipiravir 158.0 141.0 80 17 500
Umifenovir 479.1 432.0 100 27 500
Ritonavir 721.3 296.1 100 31 500

1) AFESt ZH o : Atlantis Premier BEH C18 AX with VanGuard FIT, 2.1 mm ID x 150
mm, 5 pm (Waters) &2 0]} 8|39t /d50] A4 2™

2) AFgst 7187] &2 oA] 5~50 % B (0~2&), 656% B (2~2.5%), 85% B (2.5~5.5&), 95% B
(7~8.5%), o] A X 5% B2 6.587F §FsHE 158/A|8, §4 0.2 mL/min)

_6_



Lopinavir 629.4 447.3 100 24 500
Hydroxychloroquine-D4 340.2 247.1 100 30 500
Chloroquine-Dy 324.2 251.1 100 28 500
Favipiravir-"Cs 161.0 144.0 100 20 500
Umifenovir-Deg 432.0 432.0 100 26 500
Ritonavir-Dg 727.4 302.2 100 25 500
Lopinavir-Dg 637.4 477.3 100 20 500
7.4 ofv] £%

LC-MS/MS 71719] H&EH7F ¢rEH AA2P Y Ale v 5HE4AH]
BEFEHS 9HE FASI 54 A9 22 A=, oI B, o]29 A7], m=
Axulo] MAYS FATh Ft2 o s& W9o mELNS ZAs 7}
FREE AAEE UEUe 55 HY 2 AFSHAI(Limit of quantification, LOQ)o||
gsts w22 gdn

8. A9y
8.1 ZFEY U YREFEAS A

7.1004 FH|E doE: BEEAE Y UYRBEZEFEES 44 sEREE JUsH
F75to] e, =2 ARAA HAYSHE B0l2 85iA|AY) oF 1 mg/g F=9
=% stock solutiong A|Astch BEE=A stock solution2 B 104 7|4
therapeutic range (£ils%™ Cuna)s alsto] AR A Alg0A AS FHo=
el BE WS IASFES AL sMstel AMA WY UolA calibrator?

HRrasE2dz AMHE 245 (B 2 )2 E4staAtets Alad oudds
ol s E AT 4 UAe PR o SFojN FEE AT § Al
YREEEgdos sttt g & WS AEsts 4o dgAE Adste 450l Tt
UREEA9 &Y 5E+ G2 2 Qn. FHlE B2EEN 9 YREFEAS
STOR AolA FHEAH] BEESAEZ AR & ARESH= 7]7]0] ¥We 248 AR
go|dof| A Y=t
Axrd 2FLN 9 YREFEHL A8st] - 20 "Coll wasict mjgh-go] sl
stock solution ¥ SJAE mEFEM o] 6 T Fuolgax HdE2 Hs E BdlE
3 2] ¥FE31E mi7tA] eHgshlth
8.2 Al52] HAZ]
3) & 19 sdst= AlE2 25 HEES AMEsIY AL, AT Mo 50% HEE/=2 A
oh. Al EAFOA Hek= o £UiQl DMSOo| =<1 o vlal] 574 FL=7F FHEHIS



Alas AA e Fo fRIAAN de B FF WY odeol FolEAl o
8. 7Y F2 A Alx" 2% VIRt BEe 2
e oiEs (> 99 %)= 8t 4 Als of 0.1 mL o= st Fsto

o 30 & stol e At
dets ARl & FF 2 AEHs st W@ES st 75 v/vee WEHEE
XECY) 322 S80S Aviste 24 W EASol Sarso] B H=H o dE=

10 93t 5P shaking % 13,000 rpmolA 20 27+ YaEeisich AME DA
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Aelstal st Fste AzxsHSttt olF 50 % HEZ 0.2 mLYE A7IsH
25A]171 & =E (pore size 0.2 pm)ste] QEANZZ] ujo|etof] 7 d=ct Az
24 AlRE 10 C2 227 fAHEE Ale 2ag Yold 3 43 sk

8.3 717] ¥4
8.1 9 82014 ZulE AR lo|%S QEMEo] U 72 U 73004 Y
LC-MS/MS A0|4 73tk 54 74§ § LC B9 g2

?:]]__ls =
MSe| Z& AH, 2& 39 WA o2ulgEZ BES] sttt 240 Zyd
MS/MS AT EHS E5] product iong =2H0lst1l 1 37 9] retention time T THAIA

S =olstt, B 20 AJA]® ion transition channel®] I 20E 71308 FZ3519

AmEgo] AolA 1T WAL ARICh AGH BA £719 oAk ®3] et

9. A% Aol 7=

9.1 gt A WA
BAE sho] EELMS calibrator2 AMgst= vl oz Eq (1) wet 4 5
=5 ALt
C . ARsample MRstd < O (1)
le — td
sampie ARstd MRsample ’
4) oErgo] H =7} of 75 v/v% S U, SuloliAkle] 2Eae U sl4g So| g £glone
ool ol 58Ul ¥ £EY 4 Uk
5) @4 0.1 mLE Al AFA0R 02 ml2 AAY 4$ Awdoz 2 wjo S|4z}
et 74014 4T 7 ARA ] 2710 FFFALOQE nARE ), EH0|Lt £} 50|
et 4%, AMEsH DAAM FEHe=z AHUtEHE 50 % "EHEY 402 ml)S =AY
AAelol AgEE @H0.1 mLel Fe WekAsln ol mejslol YREFgAe] A7
WAToRA AME PAEs &8 @ 2 At S0l sauhge Bolsto] AE Brs
AN O BEA BgE & QEs st
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10. 2=
AR ool Ax] 6 Eo] BA AIE 7]&dct
A R7AL 7 APAGAN AMgSh: Ful L anzol met oha Axste
Aegaliof shi, MMty R0 wet 24 Avte AEY A AR
10.1 LC-MS/MS &8 =74
¥ 3. LC-MS 4 =79 9
Descriptions LC-MS parameters
Nanospace SI-2 series UHPLC (Shiseido) and 5600+
System ) .
TripleTOF MS (ABSciex)
Atlantis Premier BEH C18 AX with VanGuard FIT, 2.1 mm ID x
Column

150 mm, 5 ym (Waters)

Mobile phases

A: 0.2% (v/v) formic acid in 10 mM ammonium formate

B: 0.2% (v/v) formic acid in methanol

Column temperature

45 °C

Flow rate 0.2 mL/min
[TI;IIEE T[?ltf‘/lnilg]‘” Mobile Phase B [%]  Mobile Phase A [%]
Initial 200 5 95
2.0 200 50 50
2.0 200 65 35
2.5 200 65 35
. 2.5 200 85 15
Gradient program
5.5 200 85 15
5.5 200 95 5
7.0 200 95 5
8.5 200 95 5
8.5 200 5 95
10.0 200 5 95
15.0 200 5 95
Injection volume 3 pL
Ionization mode ESI positive
Ionization voltage 5500 V
Desolvation temp. 500 °C
Curtain gas 50 L/h of nitrogen
Gas 1 and 2 30, 30 L/h
. Declustering lonization
Precursor Product Collision
Analytes . . potential Temperature
ion (m/2) ion (m/2) Energy (V) .
(V) (C)
Hydroxychloroquine 336.2 247.1 110 30 500
Chloroquine 320.2 247.1 100 24 500
Favipiravir 158.0 141.0 80 17 500
. . Umifenovir 479.1 432.0 100 27 500
Selected ion transitions Ritonavir 721.3 296.1 100 31 500
Lopinavir 629.4 447.3 100 24 500
Hydroxychloroquine-d, 340.2 247.1 100 30 500
Chloroquine-d, 324.2 251.1 100 28 500
Favipiravir-1°C; 161.0 144.0 100 20 500
Umifenovir-ds 432.0 432.0 100 26 500
Ritonavir-dg 727.4 302.2 100 25 500
Lopinavir-dg 637.4 477.3 100 20 500
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Hydroxychloroquinext Chloroquine LCOoA] £tX5] &2|&A] dton, o]y
729 MSOIA 95| £27k53 channelg ARstolofaict (& 3 A1)
- 20 Lopinavir
§ 'y
15
=
2
E 10
Ritonavir
Umifenovir
S Chloroquine +
Hydroxychloroguin s\ Favipiravir ‘r,
g ‘ ||
L i L
0 A A
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Time

a4 2 .
HYDROXYCHLOROCIUHNE (MW = 335.9)
——1
T r‘w
1000 [ s Ly
i ﬁfq_..:fa\.\
] o N
= 50
1581541 b
toeguy PHSRE [
o LI
100 150 200 250 300 350 400 450
CHLOROQRUINE (MW =~ 319.9}
1500 DN
0.0k L '
: 1000 L e |
g e
§ 1
: L0
500 1421556
u. LT ]
100 150 200 250 300 350 400
TAIPERAVI (MW — 1571
600
500
g 400
£ 300
200
100 - 158.1558
o™ ) [
100 150 200 250 300
a2 3.z

o}
Chloroquine, (

[N

-1

Intensity

Ity

bty

6 £ guto|z{AA|9] LC-MS TA|EA I 20L& 730 (Total ion chromatogram)

UMIFENOVIR (MW = A77.4)

4000 | « (Taas0and
3000 | oL e
| Jos NP
wo| D
: 479.0820
1000 {
| WSIZ  gagniay 395850
! i) ‘
» | |
300 350 400 450 500 550
RITONAVIR{NIW - 720.5)
1000 {
woun
: b H
800~ st | G
|: ;k" man
P, .
100 20 00 380 400 450 00 750
LOPINAVIR (MW - 628 85]
0 G -
800
40 L
20 k-l ks
s
|
T 450 50 550 60 650

OFZ9] MS/MS spectrum, (£H4}) Hydroxycholroquine, ($4}) Umifenovir,
L% Ritonavir, (£}st) Favipiravir, ($5}) Lopinavir
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LC-MSEA42 =dste= AAlE 54 A g9l Hi 3
grEanlet 2500 02 SelE|gck oj2igt YL chg & 6o Fejshact
% 5.6 % Futol2i2ne] Ky 2 A5 (LOD). FE (LOQ)
Linear range | Correlation coefficient LOD LOQ
Analyte
(mg/kg) () (ng/kg) (ng/ksg)
Hydroxychloroquine| 0.01 - 6.0 0.9996 3 10
Chloroquine 0.01 - 4.0 1.0000 3 10
Favipiravir 0.15 - 200 0.9992 30 150
Umifenovir 0.01 - 4.0 1.0000 3 10
Ritonavir 0.01 - 10.0 0.9996 3 10
Lopinavir 0.20 - 60.0 0.9955 50 200
B 6.6 % FJulolANS AT @Y AR B4 A 95 U U FEE L JUE (n=6. %)
Hyd h
Analyte Y rox_yc (hloroquine | Favipiravir | Umifenovir | Ritonavir | Lopinavir
loroquine
Intra- | Accuracy 92.5 91.7 93.8 109.0 106.5 100.9
Assay | Precision 1.7 3.3 2.8 3.2 1.7 2.1
Low*
Inter- | Accuracy 94.2 90.8 94.2 104.8 105.1 100.7
Assay Precision 5.8 7.5 8.6 3.2 3.3 1.7
Intra- | Accuracy 99.8 100.5 99.2 104.4 104.1 94.4
Assay | Precision 1.1 1.5 2.8 1.3 1.2 1.0
Medium
Inter- | Accuracy 98.9 101.1 101.2 103.6 104.3 94.5
Assay | Precision 1.8 2.0 4.1 2.6 2.1 2.7
Intra- | Accuracy | 1035 110.2 97.6 101.7 90.0 92.3
Assay | Precision 2.7 5.2 3.2 1.9 0.9 1.0
High
Inter- Accuracy 105.5 106.4 98.9 100.3 91.5 93.3
Assay | Precision 5.9 6.8 8.0 1.4 1.5 1.6

* FEHR C .71 Alo|sgtaz o]o] &35t Lows 0.2 ~ 12 mg/kg, Medium& 2.0 ~ 50 mg/kg,
High= 3.0 ~ 100 mg/kg2 34& H7IE st A7F8 BEEA9Y 527t Adolsioh. <st

e Aued 3.5 Fud A
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= 2 o Aol
Uetdonz 4R SARRY A9, F5¥ W0l §AHE £Uez 3 Y oo
242 BPPH Rionavire] 39 2 e OE $UULE BEON YREERIS
Argstel gMelgon, UREESEA mE H9znel foN Aot A
skt

Storage on Benchtop (~24°C) Storage in Chiller (~4°C)

0.0 h:%—\i

Day 0 Day 1 Day 3 Day 7 Day 0 Day 1 Day 3 Day 7

Recovery Difference (%)

Recovery Difference (%)

Storage Day Storage Day

10.5 t+& LC-MS system?l 534 AE

USHAME = et AEARRE 289 LC-MS AJA®o] fu]EofgQlt}. o] 7jo]=9]
LC-MSz=2 & 30 AAE A=ARE AFYS] LC-MS A|AHo|| F|As}E]ojgloL}, 7ho]E9]
FE&4= =071 MazohE AzARE ARFY] LC-MS AJAHROA 7|24 74 =4S
WA %2 JEOA ofEA ZAREAS  dESIIH. System [ was  an
ultra-HPLC-QToF MS (Nanospace SI-2 UHPLC system with 5600+ quadrupole
time-of-flight MS system, Shiseido and ABSciex), system II was an HPLC-QToF MS
(Prominence 20A HPLC system with 5600+ quadrupole time-of-flight MS system,
Shimadzu and ABSciex), and system III was an ultra-HPLC-QQQ MS (Acquity UPLC
system with Xevo TQ-S triple quadrupole MS, Waters)otg] 23 5= 3 7}X] LC-MS
A2Eo] Age Avoln], 22 Belwmet ZEl golstAlgh, BAo] B 2 Wtz
FAE o oz glgyct duh 24 S8 2R wWSd wa Py £H¥:

Z|HstotAL verificationg Fol F7F A= Alger &, &&ot= Js A8
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§ System |l I'. A
. 3
112
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Systemn Il J
ystem A
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Retention Time {(min)
7Y 5 3 718 £R0 M2 ChE LC-MS £¥e) A2 $UT BH 2712 MeT H9 6 5
gufol2jAe] £4 Zy I 2otEJ=He] of. Peak annotations, 1: hydroxychloroquine, 2:
chloroquine, 3: favipiravir, 4: wumifenovir, 5: ritonavir, and 6: lopinavir. A&
ChloroquineS UYeRY®, System [ (ultra-HPLC-QToF MS), System II (HPLC-QToF MS),
System 1II (ultra-HPLC-QQQ MS).
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