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LC-MS/MS s/ DRUM S 2SS AD bis-MEP- £ Bl &1
ZLA #RIE I 258 5 *
W FEM K M F O BRR"
(1 RISl R A Be g B . B o 20002552 Rl E R ARITENT L% 200032)

BE BRI 2k RbaR NHA % de S R R % 5% 5% (Alzheimer's disease, AD ) 25 4 X £ S4By - & =Bl 2¢ 44 (ZLA)
W0 B RGR AR &3 - RER A R (LC-MSMS), At R LB D AR A BRI A F . Ak HRETERIUELES, B F Waters
Xbridge C18 &,#4£(2.1x 100 mm,3.5 pm), vA ¥ &% - K (4 5 mM W &4, pH 9.8)(85:15,v/v) A A 3h48, ik 0.25 mL/min; KA
W B (ESD & F iR, %48 E 5 FAX £ R 5 KM, #0455 4 m/z304.3—107.0(ZLA ) F= m/z 621.7-232.1( A7), > A4 T
KM ) R s Fo B3R IES ZLA Smg/kg, 7 B B 18] E R S 2 A T ZLA £ S 547, &R : ZLA Fo AARR G 8 18 4% 4 3.2 min Fo
2.5min, fiF ZLA &7 E A 1-1000 ng/mL, o3 PIRICEDK FE AT 91%, B A= B @45 % & RSD 350 F 6%, &3 F# %
LR R T IR EMA ZLA T ik A 2] e 3 £ 10.2 min 35 24548, B ARIA B RAF a9 A M) R E(47.6%), i RAFRES
o) ZLA o 25 0K B E gy ik Beik | RA BT, PR R T R ZLA 895K 30 ) AR AR R FAHE A ZLA £ AD
BT P R — Bl R AT IR RARIE

KT ZLA ;T /R 3 5% 5% ; LC-MS/MS; 35X 3h 41 35 N R
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TAN Xiao-fang', LI Xin-min', ZHENG Wef, LI Juan’, TANG Ya-bin'*
(1 Department of Pharmacology, Shanghai Jiaotong University School of Medicine, Shanghai, 200025, China;
2 NPFPC Key Laboratory of Contraceptives and Devices, Shanghai Institute of Planned Parenthood Research, Shanghai, 200032, China)

ABSTRACT Objective: To develop an LC-MS/MS method for the quantitative analysis of plasma concentrations of N1, N2-bis(3-(S)-
meptazinol- propyl) oxalamide (ZLA), a new multi-target-directed agent for Alzheimer's disease (AD), and for study of its pharmacoki-
netic profile. Methods: Plasma samples of mice were pretreated with methanol for protein precipitation. The analytes were separated on a
Waters Xbridge C18 column (2.1x 100 mm, 3.5 wm) with a mobile phase consisting of methanol and water (containing 5 mM ammoni-
um formate, pH 9.8) (85:15, v/v) and detected by positive electrospray ionization in multiple reaction monitoring (MRM) mode. MRM
transitions were m/z 304.3—107.0 (ZLA) and m/z 621.7—232.1 (internal standard, IS), respectively. In the pharmacokinetic study, mice
received intravenous or intraperitoneal ZLA (5 mg/kg) administration. The plasma samples were collected at different time points for
analysis. Results: The retention time of ZLA and IS was 3.2 min and 2.5 min, respectively. The linear ranges of ZLA in plasma were
1-1000 ng/mL. The extraction recovery of ZLA in plasma was over 91%. The relative standard deviation of intra-day and inter-day varia-
tion was 3.1-5.9% and 4.6-5.1%, respectively. Pharmacokinetic studies revealed that ZLA reached peak concentration rapidly after in-
traperitoneal administration (T,,=10.2 min) and exhibited a satisfying bioavailability (47.6% ). Conclusion: A specific and sensitive
method was firstly reported for the quantification of ZLA, a novel candidate for multi-targeted AD therapy. This method was successfully
applied to explore the pharmacokinetic profiles of ZLA in mice plasma. These data may be essential for the further preclinical evaluation
of ZLA in AD therapy.
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[ /R 7 1 BR 5 (Alzheimer's disease, AD ) /& Z4E A B %
R E DL 2R TR 2 — |, IR PRI HEA T D BE R
fiF. AD AHICHNZ TR AR S K 2o Fiviig PR LA K 52 Z g 32 BHATL
#il. B IERFEER I (amyloid-B, AR )& T3 AD & iR AE 56
U, AE AD il 8 RAE Sl SRR A 2 E B
RADIBIE BUEAERE, J5 78 0 AD i R B2 R, H
i, FDA #tHE (1 AD 1697 25 ¥ £ 36 £ Mt 8 56 Mg G 410 il 59
(Acetylcholinesterase inhibitors, AChEIs)®!% I NMDA ~Z {45
PRI S B W, A X 2R 24 BE R 70 I I R DI B, (HR RE 0 e
Pt EHXT AD Z 2 R MHLEIFIE 24 s B AR AL AR, SR
B — A3 TR X B — B0 AT T TR0 25 Mk LU 550G e AD
F LA N , 2280 ] it /& (multi-target directed-ligands , MTDLs)i%
TERUCN IR A B i E T AD #7245 B 2L ag 01,

KIEIEERY S BB T AR RESBR T RIET X
HEAERM, B AR RN Co 5 AR HAMHE AR,
fRiE AR FERMATE I, Cu* - AR M EAE A RE RS H.0, 1Y
P TS A AL RIS, I, Cu® ZE S SRR AD VSR VAYY
A PR 32 S FE R0, Cu?/Zn® 2545577040 PBT2 Ttk Al IR
WL, I AD JBREA R,

AChE [& T 7K fift Z. 1t H 5 (acetylcholine , ACh ) 4 , i A] 58
HHAMNH S T 005 AR M EAERIfEH AB 27 22JE i, [H]
I, B BEREID I ACKE fi kA A5, SCREA I LA B 2 7451
U AChEL, A LBEHE AN ZE i ] B ) ACh Sk, JEFT LA
SEZE AR RAETI BB, I B & B A1 .

TATZ TR IE T —Fh B 46 I8 5 3% M 007 28U AU B
AChEI ZLA(N1,N2-bis(3-(S)- meptazinol- propyl) oxalamide )?,
ZALE W LM - £ B A, AMUEA 5T
WIAH{LRY ACKE 5T , iR AEM 6] AChE D) J Cu* 5519 A
B R, 1T A AR, ZLA(S me/kg ) I JFE N 43 24 BERS 1 1
ARE IR S BN Co e S B AR B R (5 2 3R
PORb) o B, ZLA W R E—MCH AR 2 TIfEdT AD fikft
a0

AWFREE RS T /NI ZLA 55 LC-MS/MS Firiil]
Tk PRI O BB 58 T IR TS R R F bk 1 5 b 25 24
WA ZLA 1E/NRUR N 25355 i,y ZLA 7E AD JRY7
B A )7 N IR Ak P SR i D A LS

| AR i

11 #F#

1.1.1 ARE5RF  ZLA FIPI(N,N' - (1',3' - propylene) - bis(2
-(3-((S) -3 -ethyl - 3 - (3 - hydroxyphenyl) azepan - 1- yl) - N -
methylacetamide ; internal standard,IS) 142 B K252 w254
#2265 1, HPLC 234 s 2l 480t 99.5% , F it
B (g2l , W [ G Tedia 23w, 4lisKk i Millipore 23 7]
Milli-Q plus ZRGeil & , HAb iR 2 0 A2t

L12 SRS AR AR B sh ¥ WA i - o 3 1B X
(LC-MS/MS)II A & [ “ZHEAE B A 7], 5 Agilent 6410,
-80 CARIR VKA [ 35 [E Thermo fisher scientific 24w, 5 #%

PRES O B2 E Sigma 2]

{2 e KM /B, MR (AT 25-30 g, iy [958 K%
P& 22 e S g s O R AL AT HIE S : SCXK(3)2004-0001, 3
YIWFR 5 G384 RG2S R AH R B s B B 25t
1.1.3 &y Oi%&MF. EigH . Waters Xbridge C18 1
(2.1% 100 mm,3.5 wm,Waters Technologies, MI,USA); i 3l
AR K (R 5 mM HRER , Z KA PH:9~8>: 85:15; i :
0.25 mL/min; #:7&:30 C,#HEE: 5 ul,

BTG A EST TR, R E & R TR AR HE
8 L/min, ifit £ >y 350 'C, W25 S K J1 4 40 psi, BANGE LN
3500 V (55 R Tr N 2 ROV I (MRM) , Tl 4] ZLA :m/z
304.3—107.0 (FEH R 140V, Hff#ERERE 17eV), WHr.m/z
621.7—232.1 (W H HLIE 135V, flf fE fE it 33 eV), i [
MassHunter 3 {45 (i 4 B.04.00, Agilent Technologies, Inc.,
USA) ATt i $idi ab 3
1.2 77k
12.1 ZLA & A&ES  KEFKE ZLA 1 mg, F FEEH AR,
31 mg/mL b 6 4 W, FH B R R IR BE O3 il
10,20,50, 100, 1000,2000, 5000, 10000 ng/mL 7 57 .
122 ZAMBHEREEIE /NI BRRE T IR ITH AR
%y 0.2 mL Ak FZRMn EP &b, STEIE EP 75 27K
&h, fE1h N 4°C T 4000 rpm B0 10 min, WHL ¥ ,-80
CHRAFo
123 MEFEBLEBSNE BECFR/NRINE 45 pL,
A S WLIRA)E A PIAR 10 ng/mL iy F S 200 L
TUER I, #WAEEY 1 min J5 14000 rpm .0 5 min, HL FiF
100 pL F LC-MS/MS 43#7
124 RS RFEEANE 45 pL 25 HI A
AL A S pL BRI [E IR BE Y ZLA ARAEMIRIR . 153 20k 5
S8 1,2,5,10,50,100,200,500, 1000 ng/mL 28 51 &L 5, TR
SRR "1.2.3" TUR BYERAESA TR B S, LIRE AL 25 vk
FEX) R ZLA 5 1S Wi fLZ L (Y ) iFF 4tk A . [R)3: e
2 2 3,200,750 ng/mL [ R BT REAS Hiefid "1.2.3" T
TR TAL B S I E
125 HFEMERYE  BUNMLE LK 45 pL, A P R
5 LIRS F4 "1.2.3" WUN Jr A, 1928 i R ek ia .
/NELZS LK 45 wL, A ZLA (1000 ng/mL) 47 ifE# ¥ 5 pL
IRASJE, 1% "1.2.3" BUF AR ER B Bk B . B0 ki
& ZLA (5 mg/kg)5 min J5 A I3, # "1.2.3" WUF Jr ke
EIERTE R . HEEMH B NIRRT Z FUR S T3 ZLA F IS (Y
T5E
12,6 RBEWRSERYE  ZLA FifatiA, & "1.2.3" 10
TOSERRAE B IE BRI TR A5 S A 3K 45 wL,
A 200 WL, #5ERE 7% 1 min f5 14000 rpm 250 5 min f5, X
AW, 4rEm A 30,2000,7500 ng/mL ZLA K UE VAW S
pL, RS )5 HEREAF IS T AR Ay D3 BUZEK 45 wL, A 200
wL, IBEZE S 1 min J5, 233100 A 30,2000,7500 ng/mL ZLA 45
YV 5 WL, 14000 rpm B.0> S min, B IS HEREISIGHEIFR A,
RTINS (. DL AVAX 100%7% 2252 HRL A
R, LA AJ/AX 100%5 585 TR0
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127 BEESHEBEXE ZLA JREF A (3,200,750
ng/mL) 4% "1.2.3" BUF 5 #RAE, AL E 3 d(3 K), Bk
BEATIR S Gy o DUE H PN L H RS2 B (RSD) FE6f B2 (RE)
FE ¥ R RSD (ER /T 15%.

12.8 FEMERE I ZLA FiisEEAR S HIZ R E I E 2h,
FEALL RS T B B FEAR U E 6 b, B VRRA 3 I M -80 T
1730 d(30 KWk e,

129 ZRFAFMEHEABE  DEIEFERET 43 LUE
Jo 1 R R R S A 2 A 6-8 R MEREAE, T4
25)5 5,10,20,30,40,50,60, 180,360 min 435 AR S & ik M B
1fii%) 0.2 mL Z AT Z A4S, 4000 rpm B0 10 min, JUi ¢ T
-80 CHRAAF. FEEME "1.2.3" TR Jy ik B, TR 45 Bt IA] 55 A 24
IR EE 5 2 Mk B - il 4.

1.3 SitZEaHr
% Fl WinnNolin (Version 6.3)4K {4 %F # ¥ #E 4790 & , @ 1
e ERF R 8 12 S8 4ot A A BT s = an

¥
F=2C 0 1009

(0-22)(iv)

2 &R

2.1 ZLA 5 RHRB RIEHHE
fE ESLIEEFRE NPT, ZLA £ 75+
I ([M+2H]*) 28 m/z 304.3,1S A= il 0+ 25 I ([M+H] ) 8 m/z
621.7, ZHEHEIS P WE TGS EWE 1R,

x103
1.51 (a)
1.44
1.3

1.2
1.1 CH,

1.
0.9
0.8 HO
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0’;-. ﬂgL ‘ qu |. bl
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m/z=107.0
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OH
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1 ZLA (a)F0 IS (b)) fRiL B
Fig. 1 Collision-induced dissociation mass spectra of ZLA (a) and IS (b)

22 FHEMERM

B 10 AR SR A HR B0 E 25 R A S E 4T LC-MS/MSS 43

Br, 455K W] ZLA A IS KPR B I 1E] 2353 9 3.2 min 1 2.5 min,

ZLA FI 1S JoZR i 40 HIGHE RLGF SR AT ik e M
AN B FCEAE MRM @ (TN TE] 2 s
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+ MRM (304.39999 -> 107.10000) Blank1.d

x101 .
5 A-I
2.5
<101 *+MRM (621.59998 -> 232.20000) Blank1.d
14 A-II
O'S'W
%103 *+MRM (304.39999 -> 107.10000) Calibrator9.d
B-I
1
0
<102 *+MRM (621.59998 -> 232.20000) Calibrator9.d
14 B-1I
0.
<102 *+MRM (621.59998 -> 232.20000) Calibrator9.d
14 B-II
o.
<102 *+MRM (304.39999 -> 107.10000) Sample.d
21 C-1
14
0.
<102 +MRM (621.59998 ->232.20000) Sample.d
1 C-II
0.
05 1 4’5

1. 5. 3_.35 4
Counts vs. Acquisition Time (min)

2 (A)=EMRILE, (B)BL 1000 ng/mL X\ ZLA HZ B /NRILEAN( CJBRIEST ZLA(S mg/kg )i 5 min FE840/N R EROR Rt it
Bl i 1,7LA; i 11,1S

Fig. 2 Representative chromatograms of (A) blank mouse plasma, (B) blank mouse plasma spiked with ZLA at 1000 ng/mL, and (C) mouse plasma
obtained 5 min after intravenous injection of ZLA (5 mg/kg). Peak I, ZLA; Peak II, IS.

23 IRAEMEKEESEE TR (lower limit of quantification,
LLOQ)

ZLA 78 KM /N Ui 3% e 3l 7E 1-1000 ng/mL v i 5
FEINEM R RAF, AR W2 T bRk &g 1ol 5 7
Sy =0.017354x +0.130561 (1*=0.999, 1/x filAX ), LLOQ #7%
T 5 A it P AR A 8 AT MR SR Y SR AR 2 ik 32 FRAT %
o v T 28 5 A 2 5 (1 ng/mL) A VR 8 (RE 671 ) FINS 25 1
(RSD 7R ) #7745, HWERESHEEE M50 3.3%,
2.0%, H [ HERA B2 SRG % B 43300 5.4% .-6.0%, 12715 2 B 1K e
BIRZSR, FAl LA 1 ng/mL 2y LLOQ,

2.4 REREW R FIE R

IR 3 AR EE ZLA AR RE i R EL R % 91.8 -
100.1% , FEFTRLN S 62.2 - 67.9%, /)> B Hh e B [l g 52 0
RN L 1.

25 BEESHERE

I = 3R ZLA TR H N H S %R (RSD)
BI/INTF 6%, HERNEE (RE)H 1.8-10.5%, 5 55 BE VR B 51 12
HEWRE AT HTEDR . BRI 2,

2.6 FBEM

W3 ANVREE ) ZLA STt fb i 25 22 S IRCE 2 h, R
SEPRE IFRERSICE 6 h, B RAl 3 ¥k, -80 CUKFIRAT 30d 1
FRE M, J R BRI 6 AR 25 R 3R 3. RSD [HHFF &4
YIRS I E R REIEVLBUE 2 T ZLA e .

2.7 ZLA FEINRIM SR MR B 12

FIFBT ST A/ N RIMSE  ZLA () LC-MS/MS il 757, 3%
TIXF KRN s T B A 265 )5 ZLA (25830 2304 AT T8
o /RN N ZLA #e s - Bl 2 an &l 3 s, 22530
12 SRR 4, BIKEG 255, ZLA TRUERTE](Thw) 4 0.08 h, U
HeBE (Cmax )2l 648.67 ng/mL, 551K 0.68 h, MEWSLAZ5)G 1
10.2 min B M3 1 ZLA ¥ ] 555048 ( Cmax= 160.15ng/mL),
iR 063h, ZLA BILENTEYIFIFHEE R47.6%
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&1 ZLA e/ R 3R A SR AR E W R R B BT R (n = 5)

Table 1 Absolute recovery and matrix effect of method for determination of ZLA and IS in mouse plasma (n=5)

Absolute recovery (%) Matrix effect (%)
Matrix Conc. (ng/mL)
Mean RSD Mean RSD
ZLA 3 91.8 8.7 67.9 13.6
Plasma 200 100.1 10.0 63.3 5.7
750 96.7 12.7 62.2 5.0

R2ZIATENRMFFHI AR B EEEEAERE(n=>5)

Table 2 Intra-day and inter-day precision and accuracy of method for determination of ZLA in mouse plasma (n=5)

Intra-day Inter-day (%)
Matrix Conc. (ng/mL)
RSD (%) RE (%) RSD (%) RE (%)
Plasma 3 35 2.2 4.7 3.9
200 5.1 7.5 4.6 10.5
750 5.9 1.8 5.1 7.8
x3 ZLA FMNRILE P HIFREME(n=6)
Table 3 The stability of ZLA in mouse plasma (n=6)
Room temperature for 2 h Auto sampler for 6 h . .
Conc. Freeze-thaw 3 times (%) -80 C for 30 days(%)
Matrix (%) (%)
(ng/mL)
RSD RE RSD RE RSD RE RSD RE
Plasma 3 4.8 -1.7 35 1.1 12.2 -10.4 4.1 -5.6
200 3.6 2.5 10.1 13.2 8.6 -9.9 11.0 -5.7
750 4.6 -0.5 6.0 2.6 8.5 -4.6 72 5.1

3 Wik

ARSCHENT. TP, R, R AN B T ZLA
HILC-MS/MS Jrik, FERIIZ 0t ZLA 76/ BUILK 24
RN F AT T 05T

ATIFER A ) A A B P R 2 B3R T -, T
MFIUFF8F - HIMHH] (m/z 607.5)H 1L, [M+2H]*(m/z 304.3)
HAERIE TR, KR T NS
ZLA 55RO, WIBAL AR AR, B 47 A2 R AR T, i L
]S ZLA BRI Bl R DU AR s, A 280t
VR ML 5 T PO TR, ST AT AR R . e bk e
1 ng/mL P58 AT RS 15, PRI 56 Al J2 A Hek AT R

10004

100+

Concentration (ng/mL)

10

Time (h)
[ 3 WMATHEE(FEkSREREIEST ) T ZLA(S mg/ke )ZE/NR I3 H
HIREE - R Z&k (mean+ SD.,n=6),
Fig.3 Plasma concentration versus time profile of ZLA (5 mg/kg) in mice
(mean £ S.D., n = 6) with two routes of administration (intravenous, iv;

intraperitoneal, ip).

® 4 WMATEE(FBIFIREREST )T ZLA(S mg/ke ) /MR I H
MR BN FSH (mean+ S.D., n=6)
Table 4 The pharmacokinetic parameters of ZLA (5 mg/kg) in mice (mean

+ S.D., n=6) plasma with two routes of administration (intravenous;

intraperitoneal)

Parameters Intravenous Intraperitoneal
AUC4 (ng h/mL) 389.85 182.71
AUC., (ng /mL) 411.85 196.18

MRT 4 (h) 1.49 1.89

T1/2 (h) 0.68 0.63

Ty (h) 0.08 0.17
Cmax (ng/mL) 648.67 160.15
VZ/F (L/kg) 11.86 23.35
CL/F (mL/W/kg) 12.14 25.49

ZLA B— ALY, [T B TR (B ) R P
A CRUESE ), FIr AT ZhARAY pH {EXT ZLA FIAR B 4T ikt 3 e
PEVE, R AR R I R 50T . PRy ik Sy o
L BRAT I R TSR RS AT AL BRI T T RGN R
Fthfb . FRATEI, BRMESAFT , ZLA ¥E 5OR C18 A 3EAR AN
188, TMifE pH N 9.8 544, il LIS SR LF AR B, DRI T A7
3 FH AT TR 32 B PR 37 sh A B Waters Xbridge C18 434+ (pH K
AT A2 12) 5 4R 19 pH BREE BAAE B e nh g 77, [a] it
JE ST ARSI Xt 2 ookl 8 2 AR FRAT TR 5 mM. R 1)
GEopiRFR I E/KAE pH JET o 1 XA MRS ] L i)
(o BA B[R] 5%, SR A vE 8 85% FI L, TR IR BIAH R, ZLA 14
FA B E] 24y 3.2 min, i JE R AR . IR T T
5 A HUAR LA, AN i T B Ak sk 3 Tl At {45
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SR VLRSS, He L AT DA BGHE R AN T 29t — 2

IKFERE o £5 b AU T R SEFER A b ZLA ARk

Tidk, JEHET T RGERINE AL, GP2R WRIZIT R ZLA

PRINZHZUA L RTINS 2, T I T ZLA 253 2R E Y
Xf ZLA TE/NUILHR N I 2 32 2 50 AT o0 Je kB, IR

JEETESS ZLA J5 i 24 e B2 GEA BIEAE (T, =0.17 h) , 2 22 1Y)

B (T,=0.63 h), 7E 6 h I EEASEAERR , #78 ZLA TR

SR 2 IRAR T WOSORIH BRIyt jge . L2 ok A= R B A

47.6%. keI IS T ZLA Ja , WA B AR (V) 35 0

11.86 L/kg 1 23.35 L/kg, 28] ZLA [ 124345 T L3¢ F40I Py

SR TELUR BIDTEH , AP — 205 58 ZLA TEIG N Y2

Wk B LA S 2 )" s, R HBIGE 27 SICAL 2 B8 A 3
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