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B @ —Fh S k- AR BB S % (HPLC-MS/MS)
FEHE SD KRNI+ LMV-12 (HE003) (UL R fjHx
LMV-12) KIHGEHARBT=4 M4 057k, TR e8I 4
WAt TR IR .

B O CREAEAVERRMLES LMV-12 & M4, H
HPLC-MS/MS 77 & i 47 & & 4 #r . KA ACQUITY
HPLC®CSH C18 4 ilif:, L 0.3% FIER/40 mmol/L Q%
IV - LI RS AR AT B0 B I SR IE 43 B o iR
PRI 55 B AL B UR (ESD . 1E B F-A6 I 2Rk 43¢ S o7
B (SRMD, AT EESNTWETFRNA mz 674.300 —
169.200 (LMV-12), m/z 661.200 — 156.000 (M4) 1 m/z
688.200 — 183.000 (Pkx CH;-LMV-12),

SR SEBMNEY S TIEF RS R EOR, AT
LMV-12 [ JETE 20 ~ 8000 ng/ml JEHEIN . M4 WREE
5~2000 ng/ml YEFE LY R REF, JEMEFEE. 53R
HERFARE . KGR BETURON . R PR S8 E AE E l E
HrEER.
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1.1.2 i&# 2B HPLC 4. FEE (HPLC 4l).
HEZ (LC/MS 4f) N3 E Fisher scientific 24 ]
FEhhs R (B4, Fluka; DMSO (GC 4f)
W HFE Sigma AF]; E@2EKH Millipore Milli-Q
Advantage A10 FEZEKHLY H Hll 4

AR SD KRIEAIIIEF SD KREA
AN L3 ) AT H %, —70 'C VRfE. SD KRS
Mm¥dH 6 RLLE SD KRZ AAMK MK & M1F .
1.1.3 %% HPLC-MS/MS 1X (Accela = %0MAH
I8 . TSQ Quantum Access —. 25 PU 25 AT ER B 1%
X, HEBTEE T (ESD. Xcalibur 2.2 TAEu)
YW E 3% E Thermo Fisher /A #]; 5415R B .LaLIK
E Eppendorf /A #]; Milli-Q Advantage A10 -5
aiKHLIEE Millipore A 7]; AX 205 Al PB 203-N
S RFWHE Mettler Toledo 24 &) ; Vortex
G560E JRIEIXE Scientific Industries 2 7 .
1.2 &
121 ARvERE & S bt AR AT & 2 Bk
FERRBUG E LMV-12 XIS M4 XTI E T2
W, INFERER (50% ZE-/K) (EH IR 2 %)
B, B2, SBEREN 0.2 mg/ml ) LMV-12 %}
HE LA 2 TRORT M4 S5 L ik 25 T o i 2% VR P R R R
RYNWEREG, 2B RFbRUE TAER
1.2.2  WERERR K TAEM B H] R 2 FREL
CH;-LMV-12 %HE/# 10 mg, & 50 ml &M+,
200 pl DMSO W& IR BE R 2%, #8250,
BERE N 0.2 mgml [N bsE &, 2w
0.05% HR-NEMBEAF 2N AR TAEM (20 ng/ml).,
1.2.3  JREME AW TAERMBCH] o i 5 v
ST R, ECH 7V AR S . R RS
WiRE G, 133 B bR B B
1.2.4 SR AHEE XM KRH ACQUITY
HPLC®CSH C18 t43##}:(2.1 mm x 50 mm, 1.7 pm),
A #3974 Phenomenex C18 (4.0 mm x 3.0 mm);
BN A #H: 25, B AH: 0.3% HEE-40 mmol/L
R B KT, B RE DRI A6 PR3k 1, AEIR 40 °C
HFEE 3 ple
1.2.5 JREEKMF RA®BBEEF B ERE
(ESD), W5 HiE 3500 V; IIFABAEIRE 350 C;
R TUHE 45 Arbs HBAES, TR 15 Arb;
REFE @S, WE 1.5 mTorre LMV-12. M4 Py
PRI iR RE SR 8 324 30 I 29 eV; IEE
T Ak A Ok R R S I (SRMD,

® 1 BMERER

Table 1 Elution gradient settings

BfTE] (min) A (%) B (%) L3E (ul/min)
Time (min) Phase A (%) Phase B (%) Flow rate (ul/min)
0.00 40.0 60.0 250.0
1.00 40.0 60.0 250.0
4.00 60.0 40.0 250.0
4.01 40.0 60.0 250.0
5.00 40.0 60.0 250.0

T B0 HHE RN miz 674.300 — 169.200
(LMV-12), m/z 661.200 — 156.000 (M4) 1 m/z
688.200 — 183.000 (CH3-LMV-12); FH# i) A
0.5s.

1.2.6 FREFERAREE (QC) FEMHI% 430l
FiZ s SD KREAWRA MY, Wi LMV-12
M4 RFUbRHE TR, 193] LMV-12 #KEER 20,
50. 100. 200. 500. 1000. 2000 5000 8000 ng/ml
LR M4 RPN 5. 12.5. 25, 50, 125 250+ 500-
1250, 2000 ng/ml [ IEFREE .

JoT A7 i T 1 7 0 TR BR A il o B R i

LMV-12 #KE 518 200 60, 600, 6000 ng/ml,
M4 IKEES N 5. 150 1504 1500 ng/ml.
1.2.7 IMEFESAIAAE T RAEATEN
FEE R A, RN SRERR IR HE
WE M EAEA 50 b, IO PAR TAEW 200 pl, 39
Jig 2min J&, 12000 t/min. 4 C 2.0 10 min, "%
WCIEW, B Bt ieat b, iR 3 pl ME .

AE SD KRZAHREIMIE CREFIMEAY)
JFOMAN 0.05% FER-2F 200 ul, J®HE 2 min J5,
12 000 r/min. 4 C &0 10 min, WHL BiEW, 1F
7 R
1.2.8 i AERIESH KbrdE %8 (PE
25 HL) BATRR CAEVDRE S B i 7B ik 4E 5 R
WY LR (AhEE 2GR IR PR 2540 3h J1 T Fe AR
RSEM) WHCESR, 2% FDA (255 M4
S MR A R AE AT L ) 7 EMA (E
PORER ST 5 56 H T IR U) IR K ICH (M10:
A RE AT T IEIRAIE) Y, T 52 B 7 vk AT
FEAZITENIEENE . FRE . bRuEdh &, YRR AN
FEERE . BN B B N RATRRE T 5
PE, B SR M IR AR E 1

Bt X+s A Excel #4T1HHE, HEAIN
W, FUEAREIRIRIAT IR CEYIRE S E BT
EIAT T SN CHAT.
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AR RE - YR P N A B A 1 O 5 AR
%, BifFZ (Deviation, Diff%) Fox: & A
N: Diff% = GUREE — FriRED /FrmikEE x
100%

Rl B A2 B FH 22 RN 5 500 PR A0S A v i
72 (relative standard deviation, RSD%) 7~

RSD% = W3 SD {H /15K & ¥ME x

100%
1.2.9 SD KER#BMRIN/1ZHHT  SD K MELE
%8 H, KBRS T LMV-12 2Zil¥ 28d, &
K—I, HHFE 15 mgkg. TEHIRFKRIRG Y
Wi 4425)5 0.5, 1. 2. 4. 6. 8. 24 h, 3t 8
KA AR . REMEE T EDTA Hrtes 0&F
4000 r/min, 4 ‘C, 10 min 005, WM 7%
2, Hd 1 RELE 200 pl PAE; FARH4AE
BTH 1 MUEES, BT -65°C PUFRMARAE
R

2 #R
2.1 FREEHMIMTL

HT LMV-12 HGFEA = A by, #ok S
AL CH3-LMV-12 NN FR. B LMV-12, M4 Al
WAR =F AP RIfE &, r AIFERES 0.1 mg/ml
WA ESI 7T, FIESFaREE% AR
FIHESY 758 T UG S AERE A B8 F . SRS K HPLC
55 B I DU AR AT SR AN, R A BRI
XF, 43R B AR IR . EBRIE . BSUE.
VSR SEHAT A, RIS TSR IS B i
o AT T RIERME. AT EEa e 1k
RiA m/z 674300 — 169.200 (LMV-12), m/z
661.200 — 156.000 (M4) Al m/z 688.200 — 183.000
(PR o
2.2 BiERHMITL

R B s SR e B A B S T
TETF R PRI LMV-12 &R I ARk
HARE ™ E, nIAHIRERE (MQC) KF, &
TR IS T A T A AR RO BBURR AT 5
MIBAH A QB e RE R B A VEMAR 7%
THEE T T A AARAL .

Z0%%, % Waters ACQUITY HPLC®CSH
C18 fitfE (2.1 mm x 50 mm, 1.7 pm). %
FE A B — A2 AL BRI HPLC B 7 1 VAR (i
K, CSH BURiAEMF 2T 2 5 A0 J0kE 5 A ) ik i
AR AR D B L X RB RS B

NG FIETE . BEAT N RIEZ &, I HAGTSAE
LMV-12 (153 BRI BARAI R -

TE RSN AH H D KR HP O 2 8 0 R M P TR
DAPE i R B8 AR, [ B I ik e e 3 A RS
FIRFEE = S i, Sit R B R 2R
0.3% FAZ-40 mmol/L F R E /K WA 216 it
Bl

Te W FE 7 o 5 K P A8 A 0 T B0 A P 3A
BEARLRIMIE L LMV-12 &5k, KA 40% ~
60% [MIFIBARE . R RAHIBEIE, W A SEELA R
T AR TED R DA R 2 L S A S 5, TR
A R H] LMV-12. M4 FIR bR =Rk &Y R0 5%
BELESE S IEME R 20% & FIRLLFR.

WE, B R T OB R I T,
BRI LMV-12 755 & 3~ 2 KA
Qe R RN B =i o P el ] ot S 1 5
RARE, MR ZRRTUEA 250 pl/min. 4
BEEEEFE PR 1 Fivs.

ERAOELMHE T LMV-12 R E KN
1.13 min, M4 FIREENEZ4 1.22 min, HFRE
{REE I RIZ19 1.40 min, =ik &4l sSeBl it
PR, WeREE HRBER, FNKENE
R,

2.3 ®‘FM

FHFHE 6 HAME SD KRE IS A MLIEFE M
2 GEHL R IR O A B AR . B
A MK A RTALER f5, I8 C 2 (0 45 B kil 2%
PR HT, A EFREFAE LMV-12 5 B IS 7] &b i w57
A 1.55%, M4 R B I (E] 4b i e B AS i i
1.30%, PIFRAEAIIE SEANEE 0.01% (B 1. A4k,
Iy RIBABERE LMV-12. M4 FNFR, 455 58RE
FRAL AP AR P A2 2 I s AN 8.25%. A
T35 P IRVE L 5 XA A T4 DA B =Mk G 2
) (R AH B4R 380306 2 CLENIRE e B o AT 7 v 0E
RPN [9BSR,

2.4 %EB

fEyES e &= FFR Cupper limit of quantification,
ULOQ) #iff)a, JES = AREM, Hf LMV-12 1
W ARA KT ® & TR Clower limit of
quantification, LLOQ) " LMV-12 WETHIFI 0.13%,
M4 g HE R KT LLOQ A M4 U4 1h AX it
7.10%, WARETFIA KT LLOQ A Ax U TH A1 )
0.01%, /238 F N T T 7 A m TR
LEQQ. V&AL 20%. k5 I AR 5%, BRI,
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LMV-12 M4 W HR
Internal standard
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RT 120 NL-2.77E4 RT: 1.1 NL: 8.02E2 RT-1.38 NL: 1.0E5
AA: 206866 miz= 168. 7,9-'59 70 éA 5440 miz= 155.50-156.50 AA HQE‘QU miz= 182.50-183.50
100+ SN: 868 57:;;9 SRM ms2 100 SN: 424 F ESI SRM ms2 100 SN: 1427 Eagz ESI SRM ms2
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el et o iy o e e
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Figure 1 Spectrum of LMV-12, M4 and internal standard in blank plasma (A) and in LLOQ samples (B)
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Figure 2 Calibration curve for quantitative analysis of LMV-12 (A) and M4 (B) in plasma

2.5 EFRMH

6 fREAFAMAR SD KR A= A IMmK (H
T2 MNEMMIR) BEUS, AR, m i
PR K LMV-12. M4 R NFR, 4351 5
WEEACEAE ML) LMV-12. M4 K bRz
IR EDVA e TR A S USROS B3 Gl S a2l s
0.98. 0.93. 1.08, LMV-12 1 M4 JH—1k K35
758 092, 0.86, RSD 435I~ 9.40% Al
12.98%, fF&teS3ElH RSD AT 15% Mts
o A AW S AT, WORTE IR IR ATHT 7T
Hh 2 5 IR 2 o R R N, WS SR I R T 4D
FEIT J et i 35 IR 10 32 o 2k o % 52171,

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.

2.6 tRERMZLMREE

PARFIN A5 A bR A0 T FR LU AE AL bR (y),
CARFI ) B TR B AR AR AR (%), R ZRME R/
TRk ORUERM 1x°) REHEILZ, LMV-12
M4 SV 4 bR, T bR i 2 2k i
FJEME RAF (2> 0.99), &85 bl . LMV-12
FEVEEEIA 20 ~ 8000 ng/ml, M4 WJEEHE) 5 ~
1500 ng/ml, REMARAELIIAEILE 2. HF
R 4y e 3 R AT DA OK B0 5 TR K B 5 PR
AWM K FETZIREE, iR LMV-12 fl M4 [
BN JTEEREAE R AR B AR R I E 75 oK
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2.7 EETRSEHE. BEE

el sl N 3 (R SN =1 s G BT A =
(LMV-12 #E2 5128 20, 60+ 600+ 6000 ng/ml,
M4 WEE RN 5. 154 150, 1500 ng/ml), A
BIACFEREENE 6 MEm, EEWE 4 Mot
fit (3 HAD, LASEIE S EIRAE 2 Lt 5077
HERR B, T Sy S LIRS % 5 (BL RSD% i),
BARGE R NER 2,

Z000F, LLOQ FEanH LMV-12 [Ptk A R
FERZELE —11.45% ~9.06% 2 I7], ¥5% % RSD A
I 17.86%; HEIATHERH 2 A 0.02%, LA
P RSD A 8.53%. LLOQ FEfhT i) M4 it
WUERE 25 7E —10.95% ~ 3.87% I8, ¥E#%F
RSD At 15.65%; HLIMHEREMZESN —3.19%,
HEIEFE . RSD N 7.39%. LMV-12 HIE& TR
9 20 ng/ml, M4 KEE TN 5 ng/ml.

fiK. F. SRR ST LMV-12 fitA
WERFE IR ZEAE —9.4% ~ 6.19% 21|, K% & RSD
NI 9.70%; FHIR HERHFE I Z27E —5.44% ~—0.01%
2], HLAKESE RSD AT 4.73%. k. .
UK SR P RE S R M4 Bt P R R 22 A
~12.18% ~ 3.80% <[], F4%F RSD AT
8.69%; HLIAIVERAFE W2 /E —8.57% ~—1.93% Z[H],
HEEFE 2 EE RSD AT 4.95%. R4 RAF&1E
ULtk AR R S 0 5 3T 5 R AT F SR 1O
2.8 HEEREMER

AR By | 3 DIEAKCER IR S (i
WhR), SHEEFEEGH Gis AR A R R FE R
VIR AAR L, TR BRI, 3 At
K3 MNMIKREFRIEES T LMV-12 BRI
85.89% ~ 88.77% .[al, - FE [l W28 B AH KA1
% (RSD) AET 5.82%. M4 Kyl FALE

88.38% ~ 93.24% 2 [a], FIREEFEIZER] RSD A
T 8.87%. WHRIFIEIEN 109.72%, RSD
N 5.31%.
2.9 HEAUREM

& LMV-12 #KE 12 000 ng/ml. M4 ¥
3000 ng/ml FIFEM 7 nIRERE 2 £, 5 %, 10 £5,
BB AT 5 ANFESL, LMV-12 [ #EHH B
ZEAE -9.45% ~7.69% ZIA), #% % RSD £ 1.49%
~ 2.13% ZI[f; M4 WIHER W ZE -2.91% ~
7.23% 2 JA], K% RSD £ 1.53% ~ 2.61% 2
F], FH LMV-12 8t M4 BIMEEERFRRE 2 ~
10 55545 R T 5.
2.10 FBEM

LMV-12/M4 £ SD RERMFEFEAML, milk L
ACEIIRER S 3 iy, ZEAE 6 h, —70 C UKF
FRTE 135d, BiE —70 'C Z0F NIRAFE 240 DAL
W& 3 MNEREIR G, LMV-12/M4 Iz 45 1
(£ 3) MR B W Z I EAR R £15% N, £F
G FENER. 546, HRER TR LMV-12/M4
) ISR i A3 IS IR BGR T H shidE e (4 °C)
HORAE 96 h JEECHINE, WERAESE RGeS
JRMAS E MR, BoRFES AR E .
2.1 BREhNEMRSH

BARTENHT SD KR#EBS T LMV-12
BB AT . W IR A% CEIE T TR AT AL 3
Jei s SR PRI S TC 1) 0 o o 1T 2 5 T 5 22 ST ) A
HEMZE, RN i, F. KE QC ARdh, R4
H b 2SR SR R IR EE AT QC BRI FE . R
WEEZHIE LMV-12 H1 M4 () I 24 7k 3 24 -IF il 28
W 3, WEH R LR H, LMV-12 1 Chpu N
201.77 ng/ml, HIAELZE 2h, M4 ] Cow N
35.54 ng/ml, HIAELZE 4h, L LMV-12 K

& 2 SD KRMLIRER P LMV-12/M4 5 R FE RS 3% B
Table 2 Accuracy and precision of LMV-12/M4 in SD rat plasma matrix

FE i FEERIE (ng/ml) fitla] (n=4) Intra(n=4) Mt 1 (n=6)  Inter (n=6)
Sample Nominal concentration e BME TR 2 B LR i 22 W5E 2 o THERF 5 22

(ng/ml) (ng/mD) (RSD%) (%) (ng/ml) (RSD%) (%)

Average (ng/ml) Precision (RSD%) Dift% Average (ng/ml) Precision (RSD%) Dift%

LMV-12 LLOQ 20 20.00 8.53 0.02 21.81 17.86 9.07
LQC 60 58.59 3.15 -2.36 60.44 0.73 0.73

MQC 600 599.91 4.18 -0.01 590.44 4.15 -1.59

HQC 6000 5673.20 4.73 —5.44 5805.64 7.86 -3.24

M4 LLOQ 5 4.84 7.39 -3.19 5.09 15.65 1.84
LQC 15 13.72 3.05 -8.57 13.83 8.69 -7.82

MQC 150 146.34 1.53 —2.44 149.49 3.52 -0.34

HQC 1500 M71.08 455 1593 1539236 207 &0




R EEEZ R 2021 4F 10 A% 16 B8 5 4

Chin Med Biotechnol, October 2021, Vol. 16, No. 5 431

# 3 SD KRIMHKA LMV-12 & M4 Fag bk
Table 3  Stability of LMV-12 and M4 in SD rat plasma

Ff it IR iR

KHfeEst (70 T

FRIBORREME (4 C)
Extract stability (4 C)

3 IRTRAMIERR (=70 °C)

Sample (ng/mD) Room temperature stability Long time stability (<70 C) Stability after 3 freeze-thaw
Nominal cycles (<70 C)
concentration Xts R Xts Hidoinis Xts HERf B Xts HERf
(ng/ml) (ng/ml) Wz (%) (ng/ml) W%z (%) (ng/ml) W%z (%) (ng/ml) Wz (%)
Diff% Diff% Diff% Diff%
LMV-12 60 59.60 + 0.44 —0.67 54.96 £2.19 —8.41 52.57+0.48 —12.38 56.88 +0.39 -5.20
6000 6015.24 £ 196.58 0.25 5268.80 £ 51.08 —12.19 5238.49 £ 0.48 —12.69 5657.38 £ 132.61 -9.04
M4 15 14.18+1.03 —5.45 13.19£0.55 —12.05 13.98+£0.29 —6.80 14.93 £ 0.98 —0.48
1500 1518.29 £+ 60.65 1.22 1439.01 +32.03 —4.07 1469.95 + 24.36 -2.00 1475.00 +41.30 —1.67
300 7 150
] ) —a— LMV-12
T T —A— M4
z 200 A \ 4100 =
£ N
> || s :
N>} =
= M S
E - Z
5 100 | 1 50
| T
i I/‘l\n\
A'| A
S ]
1 1
0
0 6 18 24
IS ()
Time (h)

3 SD KREEHZAT LMV-1228d JEMHKH LMV-12 J M4 - A 2%
Figure 3 The concentration-time curve of LMV-12 and M4 in plasma after administration of LMV-12 in SD rats for 28 days

IR - BURALFRAP B A2 CEADRE RS R
7Y A 5 D (SR8 13 5
MR,

3 e

KR FE X RH BB LAY LMV-12, &
ST R P i RO R - o T = 1 DU AR5 [
MW Mg LMV-12 R K% AR =2 M4 (17
W, GBI RE AT AT . i RS AL, A
AR T ok, Se BRI R 45 R o i% 7 VA
PEfI PR R IR EIEL, S TUIEE bR
533 F LR o T R L A T
ENAT LMV-12 KRERS) 122050, oA
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al. Analytical procedures and methods validation for drugs and

Determination of LMV-12(HE003) and its metabolite M4 in SD rats plasma by high
performance liquid chromatography tandem mass spectrometry

LIU Shu-jie, WEN Nie, WANG Yu, HUANG Shu-jia, DAN Mo, TANG Yao, WANG Xiao-xia, TAO Lin, GENG Xing-chao,

WANG San-long, LIU Li

[ Abstract]
Objective We aim to establish a method for simultaneous determination of LMV-12(HE003) (called LMV-12 for short) and its
metabolite M4 in SD rat plasma by ultra-high performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS).

Methods Protein precipitation was used for extraction. HPLC-MS/MS was used for quantitative analysis with CH3;-LMV-12
as the internal standard. An ACQUITY HPLC®CSH C18 column was used for chromatographic separation, and 0.3% formic
acid/40 mmol/L ammonium formate solution-acetonitrile was used as mobile phase for gradient elution to achieve rapid separation.
The electrospray ionization source (ESI), positive ion detection mode and selective reaction monitoring (SRM) were used. The ionic
reactions for quantitative analysis were m/z 674.300 — 169.200 (LMV-12), m/z 661.200 — 156.000 (M4) and m/z 688.200 —
183.000 (CH3-LMV-12) respectively.

Result Results showed that the quantification linear relationship was qualified for LMV-12 in range of 20 - 8000 ng/ml and for M4
in range of 5 - 2000 ng/ml. The selectivity, residue, accuracy, precision and matrix effect of the method can well meet the
requirements. The stability was proved for LMV-12 and M4 frozen at —70 “C for 135 days, after 3 freeze-thaw cycles or stored at
room temperature for 6 h. The post-extraction plasma sample was stable for 96 h in automatic sampler.
Conclusion The method is rapid, sensitive, simple and reproducible for simultaneous detection of the prototype and metabolites of
LMV-12.

[Key words] High performance liquid chromatography tandem mass spectrometry; LMV-12; M4; SD rats; bioanalysis;
protein precipitation; method validation
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