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Liquid chromatography-based bioanalytical technologies for nucleic acid drugs
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Therapeutics, Jinan 250101, China;3. Lunan Pharmaceutical Group Co., Ltd., Shandong Linyi 276000, China;
4. Innovative Institute of Chinese Medicine and Pharmacy, Shandong University of Traditional Chinese
Medicine, Jinan 250001, China)

ABSTRACT There are three types of bioanalytical methods for nucleic acid drugs, including ligand binding assay, quantitative
polymerase chain reaction and liquid chromatography-based bioanalytical technologies. Although the first two assays have high
sensitivity, they have poor selectivity and can not differentiate between intact and truncated metabolites. Liquid chromatography-
based bioanalytical technologies which are less sensitive, offer high selectivity for the identification of intact and truncated
metabolites. They have broad application prospects in both preclinical and clinical investigations of therapeutic nucleic acid drugs.
This paper provides a critical review on the characteristics of these technologies and their application to analyze nucleic acid drugs,
including high performance liquid chromatography-ultraviolet detection (HPLC-UV) , high performance liquid chromatography-
fluorescence (HPLC-FL), liquid chromatography-tandem mass spectrometry (LC-MS/MS), liquid chromatography-high resolution-
mass spectrometry, microflow liquid chromatography-tandem mass spectrometry (microflow LC-MS/MS) and hybridization liquid
chromatography-tandem mass spectrometry. Although these technologies have high sensitivity except for HPLC-UV, they still have
some shortcomings, such as suitable probes need to be designed for HPLC-FL, standard substance for LC-MS/MS, and high cost
for microflow LC-MS/MS. In addition, the development of some related strategies or technologies (e.g. non-specific adsorption
strategy, sample pretreatment) which can improve the sensitivity, has hastened the development of liquid chromatography-based
bioanalytical technologies for nucleic acid drugs.

KEYWORDS nucleic acid drugs; oligonucleotide; bioanalysis; liquid chromatography; separation technology
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RNA, siRNA) 254 | fi/IN RNA 254 Rl fe ik 2547 A
1998 4F- 1 5% ASO 2454 Vitravene” (formivirsen ) 4t | 117
PR, #2 2024 4F 5 7 F bR EEA 20 MR 3k
o b

BRI A= W) o0 W 0 12 A 3 RS AU dt 4k
T {45 4 43 M7 (ligand binding assay, LBA) i) 43 #r 7
T w5 R A W A% K (quantitative polymerase
chain reaction, qPCR) % 43 A1 J7 12 I 3 90 AH €833 70 15
BRI 53T 71 o LBA F3 47 7 V30 5 S48 Tl HK H 92 i
FfF 72 (enzyme-linked immunosorbent assay , ELISA )i,
AR — P AAT L AP AR AL 1 L = R 23S R AE
AT IACHE o I TE LT AT A A 3L,
R R HZ 2SR T, 8 R EIT R
FeAE Ty RIS X P2 i e R (H X Rh e B PR ATS A AT 13
™, qPCR Jp 4 )7 12 2 BEALHG 22 0% 51 & Al gPCR
12 \Poly A RGN s . gPCRIREN 45 . &K 7
PRI A F s, T Ik fg/mL K HJGIE X 4 S A%
R AR By o H B A =, B 5 1 AR iy ik
THAE—EMERE BN 2R

BT WAH A5 5 B BRI 73 7 v I B i 4
P | HRRE I 8 1 I R (3 S5 1 S IR SEAZ TR A B S HAR
7 W 0 o3 B R E B O M o IS O 1 mOR R
WA L (0 AR R T R ZE AT 7 AR LY
)&, 8k T R TR S 245 ) ) M ) B ST R T 1
12Ty BT - = OB (A1 - 28 S (high per-
formance liquid chromatography-ultraviolet detection,
HPLC-UV) ¥ | /5 RO AH €83 - 2 ' (high performance
liquid chromatography-fluorescence, HPLC-FL) 7% . % #H
6, 1% - B Bk BT % (liquid chromatography-tandem mass
spectrometry , LC-MS/MS) ¥ | ¥ AH 0 3% - &1 43 9 a1
(liquid chromatography-high resolution-mass spectrom-
etry, LC-HRMS) 7 Sl W AH €035 - ER B 37 1% (microflow
liquid chromatography-tandem mass spectrometry, micro-
flow LC-MS/MS )% A AH (21 - BRI T35 (hybridiza-
tion liquid chromatography-tandem mass spectrometry, hy-
bridization LC-MS/MS) ¥k o A SCERIR T 5 T HUAH (0 1%
I3 BB B A I E R RORE R TR 25 A= 1 o0 i
A 0 LAS AR 2 24 i PR 1T Al PR ATE 5
HAWIRES T HTT IR RIT RS
1 HPLC-UVi&

HPLC-UV &% H TSR H R 1 ] 25 RN 4l B2 30 e
{E FZRVE I, SERZ AT IR 1Y 43 88 52 [T AR LA LT S AH S
IR AL I A 20 . Umemura 5™ A HPLC-UV V£ 46
I defibrotide (FAL5E SR H W MUK 2 3 BUR B 1) , — Tl
ASO 254 TE N I3 Hh ik B8 A6 I 2 M3 T Dl 10~
300 png/mL. Nuckowski 55" A HPLC &, 7F 260 nm %8
HMIRSCIBE A T R Al R S A% Y R 1) [ AF 22 B (solid-
phase extraction, SPE) i #E4T T AL Ak , £ 55 W Bt 551 i1
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IS BV N TP S B B, e 2R PR - 7 B (liquid-
liquid extraction, LLE)-SPE B4 AR X A2 rf (¥ At
T TR SEAZ T R B L 2 AR ™= AT T o i o hr . AR
HPLC-UV 7EAHX a7 B, (RS I 22 R IR, ok IR
WEERE i B A W53 HT

2 HPLC-FL:%

I F K A% R (peptide nucleic acid, PNA) 2% 52 1Y
HPLC-FL &2l 2¢O EhRIC B PNA ¥4 5 ST R Bk
LB TE 2% 38 WUAE A4, PR HPLC YA #EA TR I o %
7B VAR BB A 1 i e 80 h SERZ AT IR 1)
A3HT, HiFil 4 T ELISA FTHPLC 2 Fhoy i i, i i
FR (lower limit of quantification, LLOQ) 7] % 1 ng/mL,
HEEAL", HATE LTS RIS 25 ) patisiran
SR SR FH 2 125 D0 2 1) A I DRI B I A ot v Ay 5 2
TR T H 2GR 3h Fr 2w o™ ki it B B 155 4
STy 8 IR BEA X A=), 45 3 i 5 iy
R = K 57 i R A AR = T SR K
P, PNA BREF 194 BE X PN A/ 48 5 4% 112 (oligodeoxy-
nucleotide , ODN ) 2438 & & W) YW Rl (2, 135 43 15 i 28 5%
H %, /E PNA/ODN 22 22 E AW E G 00 R B )
PNA 4 R IAF FLF . ZWFIE 8 R ATTO JekHRid
[ 12-mer PNA %X A IfiL %% o DNL1818(18-mer, —Ff
R — i ODN 2454 ) ) HPLC-FL Il & J7 B 4T T 0iE
i LLOQ A ik 0.1 ng/mL., HPLC-FL % 2 8% &
SEPELE AR S > O R AR, i — R Bk
BRI AIE e, BB KR I & B,
WG H TG R ERIE PR T 5 04 5 B
3 LC-MS/MSi%

LC-MS/MS k256 T AR €3 19 70 B3 B8 ) s ik
B4 BT RE T, T LA e 8 AEORT v e e M A A% R 2 AT
SRR R LA = P e R e, A O R S
Y TR E TR, Hoh, = DA LC-MS/
MSIEIIR AT 2, 2R A TR . Ewles
LR ] AB Sciex API 5000 = & PUHL FT LC-MS/MS %
G A3 A7 Y trabedersen (—Fi sz X ODN 254)) M H. 6
Bl 3" v A1 57 AR =40 (5/n-1.3"n-1.5"n-2,3"n-2,
5'n-3.3'n-3) 4T T BT, K-SR NEE- =&
PR (100: 1:0.1, VIVIV) FFF B2 7S L A T2 - = L TG
(100:1:0.1, V/VIV) R ShAHSES 76 BE VR, AT A5 R Fh 1
T R A3 O 26 91 L 247 28 2~1 000 ng/mL. Ledvina %™
K i AB Sciex 6500+ = T PO ¥ LC-MS/MS Z 4t # 37
T NI o AZD8233[16-mer, — Ff N- 2, i 21 FL b i
(GalNAc) {4l R s 8 11 0 BEA% 11 1R 24 0 1yl
FET, WK AZD8233 5 AZD8233-DG (AZD8233
(1) R B 4 2oL IE 20 #5177 405, LLOQ 1]
ik 0.2 ng/mL. Hemsley %5 fiff Ffj 7 £& [& #H %< B (online
SPE, OLSPE)-LC-MS/MS R G & 3. T AL 3¢ 1 15-mer
AAEA ) EREE DNA SEAZ IR 25 il 2 7 i, K (N
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15 mmol/L = Z, T fli-+400 mmol/L 7~ %55 TN Tt ) 1 F ik -
7K (50:50, V7V, N £ 15 mmol/L = ZEEHE+400 mmol/L 75
SN ) A I SR TRR VRN, LLOQ FIiA 50 pg/mL .

AR, BT 5 2R 7K AE €43 (hydrophilic interac-
tion liquid chromatography, HILIC) B¢ & ) HILIC-MS/
MSIEBIE T 712 i, U shAH 22 5 &R AT
FRAAE T XA, 5000 o Hess A5 5 R R
GLiis e, e B TR IS B A oy e TE
TS A RE 5 R A EE , £ TR PR HL T e A
T R R ) o R R B PR £ 22 PR . Zhang 5
K H AB Sciex API 5000 — H U AT HILIC-MS/MS & 4¢
ST T H i 2 T nusinersen (— Fi A R R 1 15 1 Y
ASO 29 [ 5 J7 ¥ TE T SIAR TR R 0 20 mmol/L &
PR 4 1K pH(ELIRIEE Ry 10 B, o S RICR By TR e -,
LLOQW A 30 ng/mL. ZIF5T R HILIESEA, T nusinersen
BALVRH PN T S 4R 2 R R R KR B 4 24 e i 254X 8l )
ST o

LC-MS/MS 2 R 55 43 25 8 ) M s v 8 | R Il
SEIAZTRAS B K ARG = 0 70 85 5 0 i (A 5 2E bR
YA AR R TTHR T 58 B, BOH N A2 2] T — i BRI
4 LC-HRMS %

HHEI, LC-HRMSEC T Z TR a4y
Ay AT, LA R 1 A o PR RS S ERRE VN TS
ppm) , FEAE B X BE S A DL T o] RASEEUR = i
P R B, B R A% R S AR = ) A R EE R
Z AR AR AR IS 25 43 W L B R T Y R
I 2 A DU - E S B B R R AT
KA THS (8] B (quadrupole time-of-flight mass spec-
trometry, Q-TOF MS) .

Ji SR FH DO R AT - e 37 P I v ) A A
e VA I DR SRR R A R L BT P RBD1016
(—Fl GaINAc fH I 1) siRNA 259 , £, S UBE R X
) K FCAR AT T o kR = b, R
RBD1016 [ [z SAEAE 4 Fh 3 5 o (AR = e AR [ 1
RBD1016 {4 SEEFE 4 3L 5 (A = A7 e 25 5% o
Li 25 5% F U H T - i v 3 0038 BIF I 335 1) 3 A =X %
REVERSIR-A (— 1 5% GaINAc (I 10 S R 259
R ARG = AT T 8T, e = AR
Wy B % 5 (FAHEE LA miz 500~2 000) , B4 55 146
BRI A T SO W A= o 140 A L 20 BR300 oy
70 000 F135 000, AT LB T AUAEAE T BT E
i) REVERSIR-A ) —F 87 AR 7= 9, /& 37 K Y
2/ -O-HIL PR FEAL Y 27 -O-H BEWLAT | 3 2 1 owige
S0 SR 25 25 SRS R AR v A T 1) A-to-1 448, A
3 FEAUAHZE 0.984 Da, Liu 251 DU B AT-# H %0
TE B T3 76 K BRI ) 3% rh 2 RS [RME M A SEA% T R
N11-GaINAc( AR EE .2 -9 .2 -H A F1 37 -Gal-
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NAc &/ 1Y 21-mer RNA, 4> 7 4 8 590.218 8 Da) Fl
N9 (B AR BR A 27 - 3B i Y 21-mer RNA, 43t
6 674.996 1 Da) AR =PI ikAT T 5858 , 4525 50 5 2
A 27 A 29 AR, Sun ZEPR UM AT - L 3
9038 BIF I 3 X6 R BRI 3 P %) mipomersen (— Fft ASO
259 EAT T OSE , JFHEAT T S8 B 2 0, r i
LLOQ AJik 0.5 ng/mL,

Li %"k H Q-TOF MS ¥ X — B - 1] i) ASO 24
Yy AZD8233 11y 11 A ™= Wy i 4T 1 B, JFIESE T 30
Wik A 5 O R AR — Bk
Kilanowska Z5*% ] Q-TOF MS 32 %} 4 Fh A [R] & i ( 43
W ZRACHEIRES .2 -H E 3k 2 -H 4 2 3 BB ) 1Y
ASO i NI RCRLARIE & 5 A=A T 79T,
ZERL IR 3K ASO 25 (1) E ZAR AR R #RA M)
TEEA T A0 37 A B 5 A v AR o 1A IE I8 & B, AR5
FER B BE A A A U 5 | S A SEAZ T R AR A B
Tk 2D, B A i IR 5 15 115 Y ASO B0 > il A& 1 1Y)
ASO B >2 - A SHE i 1) ASO B >2 " - | 3B
Mt ASO %itie: .

LC-HRMS i RS [F] I 56 1 o i AR AR =4
TCAUE FFRUEY) I ; 5 LC-MS/MS ¥E4H 1t , LC-HRMS V=
FA) ol 3 P 36 e SO VA G B O RS X o R A AL A AR
W=, — MR, Bl A SR T R B B I 2 2 80U
TG R AHE (Y FRAIG, Rl LC-MS/MS % 5 LC-HRMS
I BT T BB NIEIR A2
5 microflow LC-MS/MS i%

43K , microflow LC-MS/MS ¥ [ H- 48 = 14 R 6
JET £ 32 e o Ml SCHR ARG , S0 AR 3% (It
10~100 wL/min) 7] 4 &5 FEL T 55 5 3% 40 B 40 114 L 5 4
R R AR R 7= A B /N BT Bk ) 2
T AR S AR H , DT A3t T T A L RICR ™ Jiang
AEDOTE T — R TR UL TR ASO 254 E T Y
microflow LC-MS/MS ¥ , R A5 0.1 ng/mL; AHX] T
R TR T B VA i 1) R U R T 4~6
i, ELER i v R B B 3 (R PR AR, % 1k 1) R 0
1o Guimaraes %5 ¥ SO M (033 -5 22 30 38 44 T Ha 15
5 iSRS A TR0 bt 25 R A, £
TET A T B % 5 SEAZ T R ARG I 2 A8 4R T 300% .

microflow LC-MS/MS ¥ 1) R % i , HL 1 T ik
12, H s A THRE St i /D | DR XS S 95 e /N 5
T HL, 55/ R T A IR, I8 R T sk
N o ARRERE PA RS P T AR 3 A8 AR , O AR
WARAFRN 72 1 H o
6 hybridization LC-MS/MS i&

hybridization LC-MS/MS {E7E L4 T LC-MS/MS 7
e REPE R R, R A AT 5 LBA VAR 36, © R i
SRR ST R I o IRIE R AR W R AL DR R A
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R IR 0 2R 2 28 1 N AE W FEAS rh S B % , 4R )5 F LC-
MS/MS & FEAT 404, i Dillen Z8%9F 2017 4438
S5E5: 1) LC-MS/MS L A0 HL 135 BT 5 BEAR T /N, 96
FLAR BT b 5 b PHEAE i, FERS S, HO R AR E .
Li SEWTF & T F R UL RN A 2 2R i Hh ASO 2459
SE B 43 BT 1Y hybridization LC-MS/MS ¥ , AE 45 51 1l X
53 ASO S n-1 44, 5230 ASO 2454 B HAR ™)
A [ B i 5 L2 RAORE w8, KRRl 2% A i LLOQ T
ik 0.5 ng/mL, 44U ) LLOQ AT 3% 2.50 ng/g. Li 5"
HUEESE TR B 4120 ASO-001 (—Fh HAg
20 P HHFEXT (1) ASO 254 ) 7 1t 53 A1 Y hybridization LC-
MS/MS %, FFIESE Tk A 5 ASO-001 5 F 37 v 15
SR = (3" n-1.3"n-10,5'n-10,3'n-15.5"n-15) f)F
Pt 5 I Z 58 B BAE 47 T ASO-001 H F4# =R A
B F12AE5E, Irfs LLOQ Al 34 0.5 ng/mL,  Yuan %™ 5 7K
¥4 hybridization LC-MS/MS i FH T4 ML i -7 2141
H1 SiRNA-01 (— Bl OBUE SE A% 1 e 259 ) il , fifi
PNA B & 1B Rl AR BEEL , 3-8 T 0 2 09 IR (2
90% ) , FL 2 32 A 32 400 19 30 > n-1 A= P i T
P&, LLOQ K 2 ng/mL, HiZ 4 n] HF HoAth siRNA 254
KR TR G A 30T o

hybridization LC-MS/MS i HA 51445 ELISA ¥4
M0 AU, ELRE S ) A R T B, AU R R S A
AR AW R AL T SRR T T ZEARR R B B A
B, TR S BIARX R
7 HEXKRBEREEAR

AR, it — 20 2 i 3 RO i o B H AR 19 53
MF 5 5 00 R AHURE A A% T 110 A A S e R B ) RN £
FESHTAN B AR B T FERRAR
7.1 dE45 R R R R R B

i R A 2 11 A e S5 2 O o ] BT, T 92 1) 45
0 BT [N DT 3 20 BT 2 i R AU
Nguyen %% ] HPLC-UV J LC-MS/MS % , L 25-mer
B A B T i S A 1 T B AN [ SR 5 1) 5 208 e it v v
A% R (15-mer . 20-mer , 25-mer , 30-mer . 35-mer) A fiff
FERTGE  KTHERE S B R BT T RIS
HH, 4 Ja A8 JO 11 YRR € 1S 2 (o P VRO €5 1% R 58 )
5| 72 1) AV A S P O o ) R T LA S Ao A A U Ok i
P AR BCRP g g FUR R, HE B ML R IHTE
A AR T 0 AR 5 R LT AN AR R R
S R 00 ABE, A 4 T A o 1 YR e 3 B -, T i
25-mer B A 92 R 52 A2 TR 114 T A0 R4 /87 73% 0 %
SIS X L shiAH pH B (4.7 .8.5) X &5 R A S2 kA T 1 3
fili, 30> it s AH pH Ay 8.5 I, 25-mer B A R TG 2%
WA TR I [ % f 25 o Zhang 255 g 18 6 1Rk e AL B 36
25w BC VA W, TR0 s I s - Xehal ) (S R
Pt = PR ) AT LAS /D A AT TR AR S R . D)
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A, W SRR S AR CAn PR ) BRI A e BELD
SR Cn A= i3 2 ) AR T MR Cann 3 80) i i AR
AT DAY /D T A R 1) AR R S 1 W B Yt sl A L
VW A WL 390 0 ke B 25 S i SE AT R i AR A 5
PEIRZ B
7.2 FEMBTGEREA

B i R IR S K bR S5 A% R M LA™ 0 A
& VSN AR L TP PSP SOOI R R
TWACIE S SR T ERBERCEZE, H
T UL RE i b B0 7 B AR A DTTE T \LLE ¥ |
SPE . Hirt, 85 I TUE I A7 A0 A Y 1T WSO A A e 1Y)
FE TN, B /P, LLE ¥k M2 SPE 32 5o FH T35
AT R HRE it 1) 25 B AR RBAS 21 R 65 14 [SeR™ ) (HH
MAHTAL IR AR E AR RESE R bR S I BT, R )y
P R, LIl B8 H R P 45 A TR R AL
FROOBE5E KW, LLE BE 4 SPE 3£ H T A i 2%
AZD8233 (il i, LLOQ 734 0.2 ng/mL™, B 5 Aikb
P 3 — 25 2k, OLSPE Wi tB g & ok, 4L
TN B AT R B 00 % B, LLOQ A 3k 50 pg/mL,
A% % SPE A RAUESE & T 545, drdek , i &
JE& () 2 A2 B BUE A 32 GV, DRLEAT 8 BE IR S 1
TR LA Ry 5 ol A 4 5 5 (ot 2 A 250 S T T )
H I A TR 2 24 W TEA T e AR R S B B, R Sk T T
AR — FhoE b B U7k o 4% A8 $R B 5 microflow
LC-MS/MS ¥ 1Y 45 G B 1 SE A% 1 R 1 I 7 J7 A4
T —ANH R B R AR W R A B A R B I 1 2k
F A8 AR B K R 2% Y ASO 24 W R AT HE B, P
H microflow LC-MS/MS ¥ #1702 , 2R f08 nl 34 0.1
ng/mL"™",
7.3 Hft

TN B AN Ir A G ) rh O A U
153 B AR WAL A h TR IS 25 W 0 A= ) 43
51 41 B 4145 S BURE (capillary microsampling, CMS) 7%,
R FH B A i e /D dk il Y, (IS 7 il Y A B A A
gk — 20 A BRI A B L SRS SR T = Y
hybridization LC-MS/MS 454, M 78 BURE & 38 /0 1Y
[Fi] B O TR 55 v 118 75 vk RABUE o Yuan 55 UCHE CMS
¥ 5 hybridization LC-MS/MS ¥ B4 F T 1 48 /N B IfL
WRE o —Fh ASO 259 (20-mer, 43T 4 7 100Da)
(I3 HT , D 78 i T %25 254X 8 2 S gk ah 2
A
8 HL5iE

BEE A= W0 5 BT AN IR A e, B T WOAH (43 53 15
HORM 73 W1 7 ¥ B W 56 35 , FE T PNA 2% 28 1) HPLC-
FL % \LC-HRMS % \microflow LC-MS/MS 2 . hybridiza-
tion LC-MS/MS #: 1l OLSPE-LC-MS/MS %45  7E45:-45 T
J A TR 3 3 B HOR 43 7 vk (W HPLC-UV %)
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4 e R Y TR, e kb 1 H R AN B R AL

TSR R TR 1) 2 B 11k o, A= o 759k 4
RPUETEARKARZ R THA T RN MR

KRN, LC-MS/MS i #l LC-HRMS 2% ) R % &
WAAR , T hybridization LC-MS/MS ¥ 1 7 ff 5 ) 2342 75
ZHROE T WO @35 73 B HOR B 73 W7 7 AN T B

SR R BRI B 18, T BT & R, AT Rtk 2

Yk A o DRI, 76 S P9 A1 4 245 i 18 AR I

PRAIEGEH 12253 B )5 0] LUIAR B ELISA 15l qPCR i

Xof LR IS 25 W) 00 A e R A T P B34, DT

SEAETE AT &% R P MRS I 0 SE B B . HR{E BE

H R R AN A R N B IR S 24

Yt

Sk
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