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Abstract : Therapeutic oligonucleotides (OGNs) drugs are artificially synthesized single or double stranded short
nucleic acids, typically 15 to 30 base pairs in length. OGNs have been rapidly developed as new therapeutic drugs
with increasing attention in the discovery and development of drugs concerning various disease fields. Compared
with Europe and America, there are currently no other OGNs drugs listed in China, except for Spinraza, which

has been approved for marketing as an orphan drug. The development of OGNs in China started relatively late and

v HEZGRIE 2T & 5 A I G T LS ( No. 2019DLO0T )
wr o (EEE B Y Tel:(010)69154637;F — mail ; zhaogian@ pumech. cn
et Tel ;13842043811 F — mail ; songhongtao@ luye. com
e Tel 18610735062 E — mail ;lilili@ luye. com

RO S



M 4 M 2 E ChinJ Pharm Anal 2024, 44(7) @

is still in its early stages of development. However, the OGNs drug market in China is anticipated to grow quickly

1114 -

due to the country’ s large population, high patient demand, ongoing support for the development of oligonucleoti-
de drugs in the future, and the steady maturation of related technologies by domestic businesses. Because of their
special physicochemical characteristics, OGNs drugs are challenging to design biological analysis techniques. Cur-
rently, there are few reports on quantitative analysis methods for oligonucleotide drugs in China. Therefore, the
development of sensitive and reliable bioanalysis methods for oligonucleotides is the key to investigate oligonucle-
otides’ pharmacokinetic and pharmacodynamic properties. Liquid chromatography — mass spectrometry (LC —MS)
can quantify OGNs and their metabolites concurrently, compared with traditional ELISA approaches. Numerous ben-
efits come with using LC = MS, in particular, the extensive use of high — resolution mass spectrometry allows for the
identification of metabolites, which provides details on base composition and sequence structure, in addition to
quantitative information about target oligonucleotides. It has now emerged as the go —to technique for OGN quantita-
tive analysis. The application of LC — MS in the identification of therapeutic oligonucleotide medicines is the primary
focus of this paper, which also discusses its benefits and drawbacks. Lastly, it looks at the LC — MS development
trend for oligonucleotide detection, which includes a lower detection level and potential general methods.

Keywords: therapeutic oligonucleotides drugs; LC —MS; hybridization extraction; ion — pairing agent; HILIC; HRMS

16T MESFEAZ 118 (oligonucleotides , OGNs ) 254 /&
— b EARE B R RO 7 ik R R GA RE ) B S B
XUEEAZIR , 38 3 R FAMECR A F T mRNA 4 4
DRIV e e L 2 L % 5 mRNA 4 8 35600 T % 28 i 1y
ANEIRESE A ERTY , f G A S  ) BE PR 3 2R Th e, i
T RHLIE  F R 2 1 B i 258, T R 45 5L R K P B
R 97 DR S e AR A AR HL AR . OGNs
25 XFR/NEIR 25, HoK BETE H 15 ~ 30 i
B/ EELXT  HXS 3 i — R AE 15 000 DL, A 45
F AL R (ASO) /N1 RNA(siRNAs) (G it 1
(aptamer ) A1/ RNA (miRNAs) , 4Bk b7 & 7EDT
) OGNs 25438 N AE J3 A T2 455 1 IR st A% 1
PR O LA R GBI L B R A I 55 22 S
Iaf, e IR 8 A% 1 s i R R P LR &
(RERAE ™ o AR 2023 4 4 7, [ £l 25
B3Ry (FDA) FIRRIH 24 5 48 21 Ry ( EMA ) it o
T 17 #3697 1 OGNs, fuF5 11 Ffp ASO .5 Ff siRNAs
A FPIERF . X T FDA/EMA $it i Erifyix 17 F
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RESR TR B

OGNSs 1€ 2 /A TR F T il OGNs fi ik 24
Yy 253 Iy TR T2 2 B AR B A R
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W 2 R (4 Sk . A E N LC - MS 3
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AT UL T
1 #ETLE

K TWRSEIRITHE OGNs 251 25 £%.3h g 2 Fn 24
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A OGNs HEATE 0T, AN T Io i A fh il Ak
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%1 FDA/EMA #tif ETiiRsrE OGNs AT MEM S A ETIR (BZE2023 £4 A)
Tab.1 List of FDA - and EMA - approved OGNs drugs and reported bioanalytical methods (until April 2023)

WIS LR TFR R Bt b i iE R K T
(ctegory) (drug name) (developer) (FDA/EMA approval year) (length)/nt (bioanalysis method )
ASO Fomivirsen Tonis Pharmaceuticals 1998 21 CGE - UV
Mipomersen lonis Pharmaceuticals 2013 20 CGE -UV, ELISA,LC -MS
Eteplirsen Sarepta Therapeutics 2016 30 LC-FL,LC-UV*
Nusinersen (i PEH) Tonis  Pharmaceuticals/ 2016 18 ECL,ELISA
AR Biogen
Defibrotide Jazz Pharmaceuticals 2016 NA LC -UV,LC -MS
Inotersen Akcea Therapeutics and 2018 20 ELISA
Tonis Pharmaceuticals
Volanesorsen Tonis  Pharmaceuticals/ 2019 20 ELISA,LC - MS,LSC
Akcea
QALSODY Biogen MA Inc. 2023 20 ELISA * [8]
Golodirsen Sarepta Therapeutics 2019 25 LC-MS
Viltolarsen NS Pharma 2020 21 LC -MS
Casimersen Sarepta Therapeutics 2021 22 LC-MS* P
siRNA Patisiran Alnylam Pharmaceuticals 2018 21 (1F X%, sense strand) + LC - fluorescence, LC — MS* |
21 (Jz X4k antisense strand)  ELISA * [10)
Givosiran Alnylam Pharmaceuticals 2019 21 (1F %% ,sense strand) + LC -HRMS
23 (Jz X%k antisense strand )
Inclisiran Alnylam  Pharmaceuti- 2021 21 (1F X%k ,sense strand) + LC-HRMS
cals/Novartis 23 (Jz X%k ,antisense strand )
Lumasiran Alnylam Pharmaceuticals 2020 21 (1E X%k ,sense strand) + LC - HRMS
23 (Jz X%k antisense strand )
Vutrisiran Alnylam Pharmaceuticals 2022 21 (1E X%k ,sense strand) + LC —-HRMS
23 (Jz X%k antisense strand )
&ML T (aptamer) Pegaptanib OSI Pharmaceuticals 2004 28 LC -UV, ELISA

F(note) : * . ZFGIHASH RS ], RIS CHR[ 7 - 10 ] X 24% 3547 7 8 1E (this table was cited from reference [5]. Corrections were
made based on the reference [7 —10]) ; CGE - UV. TANE BRI HLIK — L2 HMEIN2% ( capillary gel electrophoresis with ultraviolet detection) ;L.C — FL. &
M5 D6 (LC — fluorescence) ; LC — UV. JEAA (3% — 45486 (liquid chromatography — ultraviolet detection) ; ECL. i {27 % Y61 (electrochemilu-
minescence) ; LSC. A N MRICEY (liquid scintillation counter) ; LC — HRMS. YRR 2,33 15 23 ¥ 5 1% 15 (liquid phase high resolution mass spectrometry )

ZEHL ( solid — phase extraction, SPE) | 2 [ L IE AR K
ZEHL(liquid - liquid extraction, LLE) %%, 5 #p, OGNs
TESR MR8/ AR08 75 i vb 24 AT R A TR R 8 5
W R, PRI fit Ak BT 52 o 1 3 4% 53 O AR, 4] 2
RIS B Ao A S (B A8 R i AR S , LA sl PRRE A TR
RS 2500 S B0 A5 R AN HERA

T LC - MS #5234 A1 T 2% 5 B 3 7y
B, BRI T Z R . 1wk LC — MS Az
Ty s i) 7 R BRI, ARAT AR Ay LOD, 3 47 >k g T
TRl TRAL BTk B 2 A2 5 O ¥, DU TR
PIFe S v OGNs iy s Al o 3205 vE A I IR 4R BT
(5 H#Aw OGNs H. %M ) DNA 55 ) 47 5 Pk b 5 OGNs
FATHRIB, LA SE B R AR i A W] i, 32 IR ff
FH LC - MS 3L #4770 BRI o % S HR I LC - MS 12
TELREE LC - MS 2 5 ke SR e ny [R) i, R 8082 R
KAZ i, FORSEIHTEAN Y . BIRTEARASHE i il 4

b A AT AT BE SR BRI, (H LC - MS 4347 A] L
R I O B4 B R) s A I B8 - 0 O DR L 5 e K
OGNs 43 #1 ¥ £ 47 X 43 Dillen 210 43 53] { F
SPE - LC - MS, Z¥43 2 B LC - MS (A= ) 2 i iR 15
FHHEE0) S 2428 ELISA ¥k 3 FpJy i AL i o
PP 36wt (— 7 13 mer OGNs) HEATHE 5 23 BT, 45 R
R 3 RO A AR I 45 A . Li &
KT — R 2 A R AT AR L B B LC - MS
3R M FNHLFEA P 7 B ASO #4718 &
V5T

H i, 2438 U 4 32220 FH T B OGNs (194
Y1or o B A s By 15 0 T3S OGNs 43§ i
FEPRAIE , 25 B b, B A PR AE S IR
S A B BE 3K P BB 23 M T A I AR IR . i,
RS HR siRNA 1) SCBE B #MP) DNA BE1E
AR 5 &F, W) siRNA 9 1F S48 8 78 2% =2 5
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F2  XTtb 2 FE ARATTIE OGNs £ 75 ik
Tab.2 Comparison of analytical methods for therapeutic OGNs
ST T (assay) 3 (strength ) JEFR 44 (Timitation )
ELISA 15 R (high sensitivity) (100 pg - mL~" LOQ) LRMETEIRIZE (G Hl 20 ~50 £7%) (narrow calibration range ,usually 20 50 fold )
TCt eI (SRR BRAD) [no sample clean-  TFEARE AHIER/ AT , FARSERZ T IROE i 28K GEHY >20 mer),
up or extraction (except for tissues) ] PAASVFIERIET ARSI PR B AR M 45 & B 73 F I AR R 43 (needs specific
capture/ detection of probes, the target oligonucleotide usually needs to be long
enough (usually >20 mer) to allow both the capture probe and the detection
probe to bind stably to different parts of the molecule)

i (high throughput ) REEX A e#a24 FR T4 514 ( does not differentiate between intact and
truncated metabolites )

LC -MS EREE (high specificity ) AR T ELISA | LOQ 5@ %4 5 ~ 10 ng - mL ™" (less sensitive compared with

2R Y0 [ 9E, AT ik 3 AN E 3 9% (wide calibration
range, up to three orders of magnitude)

] % K E AR (identification and quantification
of truncated metabolites )

LC - MS £ 50 A 7 B2 7 BT/ OGNs
(LC — MS is especially advantageous for quantifying
relatively small OGNs therapeutics)

ELISA, LOQ usually 5 -10 ng - mL. ")

FEANRTALBRAR T, #6000 18 £ B AIK (sample preparation can be time consuming
and have less throughput )

OGNs Z5HIA57 /K PEAEASTE 3 MR AR b SR 3R (1 O B I 6 TR X ( this
hydrophilic property makes extracting and chromatographically retaining these
molecules on conventional reversed — phase column extremely difficult)

RAFEHE OGNs 25171 2 ) 34 17 B ( the sensitivity decreases when the

size of an OGNs increases )

WS R IR BT ST A, RO BT R AR TR Y A
2023 4F, Yuan %" ARGE T — B 2% 5K 4R
AR S ir b B pG € f2E0 Hr AUEE OGN 1y LC - MS
Tk % T Rk T — B Y IR B R ( peptide
nucleic acid, PNA) Xf i i ) siRNA - 01 #4774 58
PRI, J ) 52 BT A SR R 4 4L ) 0 e
siRNA =01 7£ 2. 00 ~ 1 000 ng - mL ™" 35 Bl P 19 5
o AR LC - MS J5 ik J& X OGNs A= YAt i
SO kB — Kkt , 549/ LLE 8¢ SPE J7 i%
FR LG, 2% 5SS i 1 98 7 A 10 R it 52 SO ST L 42
Qe =
2 BisEgw

TGS IE OGNs 244 dy T~ o Ry ) B AR P o,
A5 0T B IE K TGV 2 Bk . OGNs A H: 45
PR R, O 2 2 AR X 43— Jo A B ) HE Al A=
Wy o3 X TR KA B TE L GE AR G35 1 e
SBORI €2 3% O B8 AR G TR X o IR 3 3l A Hh o ACES
F-X& 5 (ion — pairing agent, IP) 2235 OGNs %
15 B8 B 4 bR, (HAST] B9 OGNs [RH: B AL % B b Y
25, W B IEPEAE R PRI T 6358, LA Ol
igonucleotide LC — MS” S}y 5& 4 {H] , 7F “ PubMed” X 4/
b MK R B 388 i SCHR, e d LRy g JE] oy
1997 &,1997—2004 4F 7 4F [a] 4L 24 %5, 2005—
2022 4F 18 4F[], V- X 53 4F K R CE 15 ~ 34 5,
2023 AR 11 AR o Jd 5 B 45 X 2 SOk bR

RWEHR L

R 7 3k s B, v o BT B R 3 R RO 2 8
W T TP K, Hob B A = 2 e (TEA) -
NP TN (HFIP) R & 8 T bk /11 Apffel
O MG ] 5 A5 HFIP 9 HPLC % 30 A ( TEA
4 pH (% 7) H A OGNs 254, 3% — 4 &5 7
VAT SE B BB 9 HPLC 43 85 5 280 i H 5T 25 He
B, [ TEA - HFIP R4 7 i B 85 , JLF B
T H AR B T xR A, e 2 i 20 ZAE R, B R
i OGNs 254 LC — MS 437 1y 32 B3 s A8 )

BT XA — Rl B R4 T, 454 A — i
M E A B LR, s B BUKRE R,
P T HL A3 5 VA VR OGNs 43 17 A iy
Zh KR A3 T LS €0 338 R 18] 2 AR % A AR T %
BFAEAE PR L, DT84 3 43 BT 490 £ 5 61, 552 B0 HL A 52 A
R R

AW AR s b ik 300 4 % T L 3 ok
S0 R R (L3 B pA 32 LTS A TR i f) SR A Sy
M, — T 5, B Xk 700 e i s, 0 T R
T B B T PR RO, R 0 52 A AR ()
B TR R 1 R I3 4 % € 33 0 T 1% R 5 7 A 7
Yu 7 B B T 035 Y B A T R
TR 13 5 PR G L VRN 5 3% 7 T Rl B o,
X 5 TR A (b 2 R vk EAT O A, DLk B R
MR 4 B E R BE B 7, TR) A Rl X B33 1
BT A
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Van Dongen %" X OGNs 24 ¥ 6 I ) 1 A €4
AR OCAC R AT T RN A B4, 45 TR S AH Y
TEHE, B 0 3R B 0 4 Svik B L pHLfE A I A 1Y
TEFE, X T AN ) OGNs 24 4 14 i 24 AR 44 HC 2 A 4
FROCALHBAR 3 Jr ko Li %7 BT T 15 R R )
ot HE e 2 B 1 X R 6 OGNs 24 4y 11 42 35 £ B i
) U T 73 B R A — M L PR RE A2 . FEIX 1S
T ik Jig 28 g 1 4R o, 11 o] DLy i A = 2R
OGNSs & HEAH LAY (35 PERE o ot ik I 110 Vi 8 0I5 fit
JE RS OR B A 3 B ) GBI R o X Tl T ax L
TBIAHAY LC - MS 5%, x4 B 10 i U3 e A e
1 HFIP ok BER AL pH (EL, DAAERF 5 1 BB 55
FL 2 M

N T AR B X R T B Y R T R e
T PR TS Ye R R, AR TR T AT IR T
X 3R] ) BAR €385 D7 v, B0 S K AR TR €3 i
(hydrophilic interaction chromatography, HILIC) , & ik
I HAE OGNs 24591 £ W) 73 Bt v o — P AR A i 55 1 %
0I5, 1990 4F, Andrew Alpert 2 #5214 Uk 42 i 25 7K
VER GRS AE S, i T X o 3 452 00 R M4k
BV B AR R L, S W2 B T A [ 2 5
AW THIRAL AR R AR R IR 2K
HH SR, ZATESRA HILIC AT OGNs 73 &
ML & ik, 1B T HILIC B fr B AL Lh 30 A2
A, JK 2L 7 VR AF AR 3B AT - 4 I R) S FUAR Bl K Y
OGNs 7B FEA R, ik vl s gk 22 5 ) R, L 30k
JUEE  ZEAE B X R R 00 R, AW T & T
BHAT RIFH (5 08 J2 oy B B2, H B AT RGP 3
£/ HILIC — LC — MS R 4E OGNs 25908 J7 ik, 4 3
BAEE T SCER P HILIC - LC — MS J5 ¥ € & 43 At
OGNs 2& 245 Wy i} Fir Y i) 980 o 3k P 38 &8 B 6 3 0 9
M.

Robert 45 g 37 T —Fi A (o F B % 1] 19
HILIC & 4H — SRM( selective reaction monitoring ) Jii ji
IHTITEEX I h OGNs RMIL 4T 15 &, 15 8 1
R ) 0 1% O B ST, % O ik idE AT T 3k, A4
LM EEEE ORS VR | IR R ORI, A5 OR BN
YRR AT 4. Lardeux 257 Ho A% 1 il 8 1 %)
TR Co TS AT 5 AN B 1 X3RN 9 7 Bl AN TR
[E6] 7 AH ) HILIC (8335 A8 0 ZE A8 BR 1Y 23 18 e 1, 45
R R HILIC w] RLA QR 7 % 3l R B A 60 3
(IP —=RPLC) 43 #H7 OGNs 254, [m] if I %5 A~ [F) HILIC

AT [ A e e, B B e SR K P e e R ]
AHIH BL, HILIC 7E OGNs RAE Hf 1) 1 FH B 2 8 ok
Wz,

3 RGN E

1t OGNs {43 M v, H AT B2 i & = o DU AR A
Ji% A HRMS = 5 I 4% FF 1 3% — B 2B ) 20 A
R 25 5 B iy 3 7, OGNs 254 3 2 {fi i o 1t
Z HRIR i ik (ESL/MS/MS) #4755, AH K4k 18
WL % . OGNs Z5¥ 1 T [ S #5175 MR G
B IR TR B JR 5, DN L 32 A 8 1 A
A (ESL- ) #E47 K. OGNs Ay ESI 5% 14 /R
TR EAETFATFIM -nH]" B
RFET —A NGBS T I - (BAQ) B iR kA 22
rh 22 BR AR E B 1Y 5 S R B 22 R A R B
(K1),

OGNs H, 2 Hh d5 J 22 19 SCVE R AE T 2 Ay 1Y i
BT, X RSB R EERIRMELERH R, B
%5 55 1 IRF 41K OGNs 1B B 5 5 fE 214>
ZHATRTAR b A TR, XS FES
I REAR, {22 OGNs 259 (1 AH X 43+ it i — L AE
5000 ~ 15 000, & H 1 5t () 45 U T, T 22 W e 1)
JE #1715 OGNs ¥ it #% Lt m/z #F A = 3 PUARFT ot 1%
4 AT RN o i B (6 F = B DUBR AT B S m/z — %
At 1500) LT = PUARAT 3% X OGNs 254
ME . X — R 2 Hfar T8 B, JE 5 5 3 i RIS
TSI Y R (— M TE 51 ~ 1541
ff () — RINFAE F) o

A AH A LA S I pH E TS R
JFRI AT MS 818 2 80 AT g 52 i EST - MS & 715
it BE LA S AN R0 22 A A ARS8 1 1 =R B, T
A B BT S5, o 2 — i 22 v ey 5 - 0
B LAY B 0 R 55 R O Ak 1 O e
EST 14 i, 55 4% 28wy B2 AR T Pt £ P A 3k 50 A ) e
7o — ORI, ESTAEARAS FE AR R 5K J) B i K
PRI B8 158 B (9 i sl A b L B RIOR B R o Griiffey
SEVRESE T 0B T LB S TR EE K I OGN 11 He
PR A h R b B X R, TEA
g rhEhpH =7. OB 5 4L T , MEEE] 14 mer DNA 1)
AR FIM-8H] REERENEF. HOm
g ohEh (NH, OAc) #eEELE 1.0 ~ 10 mmol - L[},
FEREAAAREFHIM -4H] " Mk R T
100 mmol « L™ B}, £ FBF & = 9 51 1A B F 4 A%
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