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M= IS - Ay WA E LN EHEF
PE R MicroRNARI S =

RHA, ZEH, XEE, & K, BAK
B AR R AR R MR 2 AR S A T Pty S BLE

Wk H . 20254F4H 150 FHER: 20254F4H28H; KA HI: 20254F5H23H

HE
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Abstract

Objective: To establish a method for the determination of RNA in MicroRNA cationic liposomes pre-
pared with Stearic amine. Methods: A Q5000 UV-visible spectrophotometer was used with the detec-
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tion wavelength of 260 nm, and the standard curve drawing, precision, repeatability, stability and
recovery were investigated to establish a reliable and sensitive method for the determination of
RNA content. Results: The linear regression equation for MicroRNA was obtained: Y = 1.0378X -
4.0546, (R2 = 0.9984), with good linearity in the range of 3.32~1091.22 ng/pL, precision RSD value
of 0.41%, repeatability RSD value of 3.62%, stability RSD value of 0.63%, mean spiked recovery of
99.80%, and the RSD value was 1.81%. The content of MicroRNA in cationic liposomes was 200.73
+10.31 ng/pL. Conclusion: The established present experimental method was simple, accurate, re-
producible, sensitive, stable and could be used for the determination of MicroRNA in cationic lipo-
somes.
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1. 5|8

MicroRNA(miRNA)ZE RN ER . KEZ N 20~24 MZERRI/N RNA, 28 AES IS RNA 70
P, HAERM A B 2 R E B[] L RNA HEOR R A B2 7 At A7 16 7 i i Sk B4R
T—EWYIP R RE, BIHRTCNIE, O Patisiran, Givlaari, Oxlumo, Leqvio 1 Amvuttra 25 FL ' RNA 24
Vi R GRS 35 E & R 2 BRI ALHE IR BTI[2]. BE AR A T 00 J DR A 32 2 e 1 T AR M
TR I NTE £ S 2 —[3] [4]. 7E 20 tH4D 80 EAX, AW FEIUE HIA% F g S5 44 vl DA I i 5 40 o A%
AN B ER 3 45 8 RNA (Globin mRNA). DNA FIH AR 5]. g oA 2 —Fh DUIE 3R v JEfit i) 3830 R 45
S5 A FH PR B B I ST R SR I 2, IR A R — A IE AR PR SRR AN — AN B AN B R B 2R
SER LR R B K R X AL AR [6] [7], H AR (2 s A A M PR

A E AT, IUA I RNA S8 E A W N R SR ah - o] ok e e e BV [8] 9]
FREIKIE . S BB (s E[10] [11]. @ LA - 7T WA AR 25 40 M [12]. bF
AV SR [ 13 )55 0B AR A FE A BB o B Ah - AT Lo S BE 1R F X IR 7 F-1E 260 nm AL A
KR, PIEAT B AT 14]. (HUREHE R AN - AT WA G VR T AZ IR b AP o e P B e
FUE TR, SRR RNA FE (8]

B FPKVEHEAT RNA B H I FAEVSSEIEoR, v ARt ik AR P Bk 151 HE,
o FH IR I Bk oA H S B R R FRLVK [ 16] 0 SRR MRS USRI 22, RO, RAAATIE, BN
N 171 5 B2 3 A FH RIS ), RN 9P I IR 2 s AN B A s 2 D45 10 45 SR e RS E 22 17] . RIe/r e
PAEILAERAE RAN 2 B AT S o (H2, FT RNA SE EWFR PO SRl B A B AR 7O,
XFT<50 bp FE R v BER BRI, WIFEAIE S 21 bp B siRNA & &= S50 7T[18] [19]. [FIEF, FEZGHIDE
SERIFAN RS, SRR RIR A, LB TR, SR, SRR B AR 20] [21].
Rk, FFAR RIS BAABRIERE . RBUE S B E/ NI RER A & 20 e i A BRI L EE .

Quawell Q5000 J& — KU B AN W73 M Th . FEAJEHE(200~850 nm)di [l P o] AT S A% IR «
TR FIREE . A0S PR AR SO Y BB s IR A . 40 B AN RESS R ) 2 s R i ]
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DAHEAT — M i) s i & 58 40 - o WG M & . Q5000 AFEZEAMLH L, RS 0.5~2ul, FHFEK
29 8 Fb I AR IR EE,  BAT B R HER It A T B

AR VR AR F A SIS £ 1R 7713 MicroRNA A I i FH 25 i3 52 4% (Stearic amine cationic lipo-
some/MicroRNA, SCL/MicroRNA), i ] Q5000 flE 54k - aI W73 e e BE % RNA 5 &l 5E T iAo,
X RNA & 2 5E T EATHNE, 9 RNA 29k RN R R IS0 2%

2. MR 57
2.1. {5

Q5000 FEELAHMA] WA H e BE v (IR AR A IR A R]): KQ3200 AU i e A (B L e
FAEE A IR A): IKA RV3 B R LRI A G IRAF): UPW BISLa6 &1 4K A (R AT R 2
TR R A F]); Avanti Jl§ A H 8% (32 [E Avanti Polar Lipids 2 7).

2.2. RASEKFHA

MicroRNA (i B Z5F AR A RAF, #t5: 20240522, 20240726, 20240810); FHEL([E 25411k
A R AR, 04l fit 5 : 20241127); DEPC Z§/K (AL 5L solarbio A ], #t5: 20241007); MicroRNA
FIE TR AR E SIS : 20240220, 20240221, 20240224); KEBIEPC, L REZGWHRAR, it
5202408012, 4 90%); AHEERE(CHO, _L#pRrt2E4), #t'5 57885, 4lfE 95%); A fg e ( Lt A4
Y, L5 F2001126, 4i7% 97%).

23. /&

2.3.1. &k MicroRNA A5 BZFHE F B i {4 (SCL/MicroRNA) Rl &

K HEL 120 mg PCy 40 mg CHO. 5 mg W fRIEA T 5 mL oK 4B, SOCHEBFREAE, T 50C/KIE
eZ&BR 22 HHLAEF, M 12 mL DEPC £§/KT 50°C/KHE A K 4G 30 min, T3 H 2834 FL4% N 200 nm (1)
RIKTREENE 7 K, 13PHES TR/ SCL. EFE N:P N 10:1 1N H S G AW R SCL il MicroRNA
EZRFIHE 30 min, 15 SCL/MicroRNA.

2.3.2. MEFHZE

1. 58 P

RNA 7E 260 nm W%, ZHRCPEZ8 2020 BN 0401), 7E 260 nm ARSI ) LIt R 5
E1%]1 cm {EH(207) N iH 55 Ak

2. X R A VR ]

IUW S MicroRNA, 4% B8 i B Flic B AW, I\ DEPC Z:B/K 31 pL VAR S, Bk
&4 1064.00 ng/uL fJ MicroRNA f# % -

3. BRI 2 BXF IR R i &

3 SR S B S 56 = A HA 1 4% ) SCL/MiicroRNA Al 10% Triton X-100 (v/v) 10.0 uL, 40 KHz &7 5
min 7L, VA1, EIfH SCL/MicroRNA i Al K% EILie = |l SCL, [FEEAE, RS2 ax)
HRVET-

4. #EFME

TIPS, BB IEX %N RNA, K EE N 260 nm, FRHRZWEL 2.0 uL %5 AERORE,
PREET25 VAW, RS TRMORS BN 2.0 L At F VA 2 B 43 RNA (R
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24. FEFER

2.4.1. &EXHR

K 2 SO IS 1 % 29, F DEPC 27K 73 Jl L Bk 4.16 16.63+ 66.50+ 133.00+ 266.00+ 532.00+
1064.00 ng/uL FIFE o LSRN - AT WL 6 BETHTE 260 nm K AL E L, DLERSIR B AL AR,
PR FE R MNALR, ZeilbriE th 2k .
242, EREEE

HU MicroRNA i SV 20 uL, RHEWREES], “FPATHI% 6 4, JESE 6 JE RNA WREE, idskille
45 R IF 5 RSD.

2.4.3. EEMIRE
HY 1) 45 47 (] SCL/MicroRNA FE 5 6 4y, %8 “2.3.2.37 bl Vs, 4% “2.3.3.47 MERE,
TSl e 45 RIS RSD.

2.4.4. BHREMRE

I “2.3.227 [XHIESVAW, T-20CREGER 1. 2. 3. 4. 5. 6 WJRIIE RNA IKE, 103%005E &5
RIFHHE RSD.

2. g

I “2.3.2.37 BEHRAAER, 2055 E T4 0. 025h. 0.5h, 1h, 2h. 4h. 6h. 12h. 24h. 48h

JatE “2.33.47 MTIRE, 03 E SR IFHE RSD.

2.4.5. N EWEREE

3 ARG % B 6 £ MicroRNA 4 219.36 ng ) SCL/MicroRNA F£df 2 uL, & 1.5 mL EP &
FEH5 2 5 B MicroRNA Xif I8 SR 2 pL(%F 2 uL 7 miR-126 & %4 532.00 ng)INEE, % “2.3.2.37 Al
TR 1] £ 7 VA A AL IRISORE s, 4% “2.3.3.47 MIEWREE, iR R,

2.4.6. SENME
3 AIEL 3 it MicroRNA FH &1 BARHIFIUEE S, 1% “2.3.2.37 TN VA W i) & 7 150 4, 1%
“2.33.47 MEWRE, FETHEFHE T B8 ik MicroRNA & & .

3. 858
3.1. MicroRNA Z&MERER

TR A - v WA B ETHTE 260 nm PEKACIIEIREE, DAL AMEALER, SERRIREE N
bR, 2xfilbniE il 2k . 515 MicroRNA ZEHE R 7 FE N(n=7) Y = 1.0378X — 4.0546, (R*>=0.9984), 7E
3.32~1091.22 ng/uL JuFE N M R RIF, FrdEfiZe i 1.

32. BEEER

MicroRNA i B S UE SR 6 Yk, 1THEAFRE %% RSD N 0.41%, KUK T RIF. 5
RIWE 1,

33. EEMIAE
BRGNS RSD (54 3.62%, LR EHEGHRIF., HEERNE 2,
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Figure 1. MicroRNA linear experimental results
B 1. MicroRNA M SRIGLER

Table 1. Precision test results

= 1. BEENRER
Y5 R (ng/uL) P8R P (ng/ul) RSD
1 281.13

283.34

2

3 282.33

282.75 0.41%
4 282.60

5 284.61

6

282.50

Table 2. Repeatability test results
F2. EEMRARER

s W FE (ng/uL) P33 FE (ng/uL) RSD
1 176.39

185.08

2

3 195.78

188.30 3.62%
4 190.16

5 189.75

6

192.65

3.4. BEMRE

R 8 P75 S0 A PRI A3 21 RSD N 0.63%, AW VAT RSD 9 2.75%; R U0 il 7E—20°C 4%
PENORAE, IR URRR 6 RFEATGE, BRI SR FAE T, 2/ 48h WEATEE . X AR E M I
%3, Pl EEL R L 4,
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Table 3. Stability test results of reference substance
F 3. WMRMIREMRIESER
RAR KB (IK) W JE (ng/ul) PR (ng/uL) RSD
1 282.60
282.18
282.93
284.15
283.82
279.19

282.48 0.63%

AN W AW

Table 4. Test results of stability of test sample
4. I RREMAEER

it A7 1] 1] (h) W (ng/ul) SERR B (ng/ul) RSD
0 199.27
0.25 198.91
0.5 201.59
1 202.36
2 205.26

206.17 2.75%
4 207.67
6 208.87
12 209.14
24 213.47
48 215.19

3.5. INAEEIZRIALE
¥ R = bR RN e E — WAENEE)/ PR R x 100%, “F¥EULE AN 99.80%, RSD 1H
N 1.81 %, 1% e 7 IR RIRCR P IME N 99.80%. 5 ILHE 5.

Table 5. Experimental results of sample recovery rate

5. MEEEMTRSIER

F5 IURE B /UL Ff B /ng I\ E/ng W15 & /ng B /% TH{E RSD%
1 2.00 219.36 564.66 763.08 96.29
2 2.00 219.36 564.66 798.76 102.61
3 2.00 219.36 564.66 796.00 102.12
782.90 1.81%
4 2.00 219.36 564.66 793.86 101.74
5 2.00 219.36 564.66 760.28 95.80
6 2.00 219.36 564.66 785.38 100.24

3.6. REMZE

= HEBH B 1 AR AR MicroRNA T35 843708 211.43 ng/uL, 190.85ng/uL, 199.92 ng/uL. RSD {&
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AN 2.6%, 0.82%, 0.73%, FEIZMHE T IR AR ) MicroRNA S®8BFEE. 4R N% 6.

Table 6. Experimental results of content determination (n = 3)
6. BEMEXWERMN=3)

FF i it & (ng/ul) RSD
1 20240220 21143 2.6%
2 20240221 190.85 0.82%
3 20240224 199.92 0.73%

4. W1ig

HAT, RNA &&NETEEEASMES - v WAL BERHEIKE. 26 e LSS, |
B EREEA R, REERE, BESRER, HERE MR AAER G AR
AL - OGRS THIE MicroRNA (18 &, B8 I AT GORT R RSB 5 v B0 15 1) RNA 1)
WRE s BRI, A TR,

TESEREFEF, BT MicroRNA JEZIR I —F, LR XATFAE 5 W B R B R L 55 bk i, DRI G /E )
I 75 458 FH GG A Sk, DA 1E MicroRNA H R , & 1 75 TR i 0 ORAIE I B 25 SR M e 74 . SCL
FHES T8 Mk B PC. CHO FORE AR e 1% — e Ll il 4%, 4RIFE 260 nm Ak HIL— @ Wi, AT TP &
M3 MicroRNA PR FE, [FILAENE MicroRNA A i ik FE I 2508 B 25 1 SCL Wi = . [FIFE, 7EXT
BER T AT AR PRSOGB4 0 4 SRIE e in, TE 4°C A NAFUNIAR 45 RAFRE, RSD
HECR, FIREA B TBHE FREATE 4°CR&AF TRl Re RAEAAE, SBURX T2 HE5) 2 8L R S AE
A G X P A S BN AE AR S microRNA [ L2 A 450, (B BB WIS,
DOTAP/DOPE fig AR ZEAL T M AS I B (Tm) HREAR 2338 K 20%~40%. 7E 2168 T R ASRIELE 48 h 4 RSD
EAERE TR A, 5 = IR BCE R R0, W0 RSD {5 23 45 B[R] (R34 oK . BRI, 5 Reck g o Ak ol 4%
BRR TR, 7T HE R S0 % HH MicroRNA FHES 1~ i Jot A% a2 1k el ik g — AN BB 7 Vs

I VA S IR, AT L B MicroRNA SRR G RNA 2 & R A - 2066k
LRNE. RE . bR IR R, AT AW RNA & &l @ k3T 40 78, N RNA 29 R R E
PRALSEIG B % . BEELFRZSYI( mRNA FEHT . siRNA. ASO “5)Hidik g, #Erfs. msk. BREmsE
I 5E BEAR BN A GBI TY s ARIZIR A & B EH AR R G H Sem R % . Az, &6
. TR IR, L& M. CRISPR Al Al 2 Hrasniitfik.
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