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A3 WA 22 2R 55 SRR HB U B -5 m/z 380. 0—243. 0 Fll m/z 275. 0—230. 0 FUEEAS . SRR FFAYMEEEJEIF g 3. 75 ~ 120. 00 ng/mL,
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FhRE AR R 0.27% ~ 1. 61% Z i, ZRVRFTIZMERAERBIRABATTRh, WIBGRHE, WHERERSE, R RN
W RRRE , R TR AR B IR BGE ik, ROk B md e e M M R, OB T, S 2 A3 UR ST WU Tk i 14 g B 25
TFRBRAA ST T H, AL AURF D2 ERAY I & Rl AR AR (S T EEAYRL#A

K : LC-MS/MS; ZRIRF; WHRIEL; 210z 15 WUZHEK

FES RS 1Q914. 1 MEkFRERD . A XEHS: 1001-9677(2024) 15-0091-06

Evaluation of Release of Donepezil Bilayer Microspheres
in Vivo by LC-MSMS

YAN Xie—guo, ZENG Zhe, LIU Dai—chun
(Shenzhen Sciencare Pharmaceutical Co. , Lid. , Guangdong Shenzhen 518118, China)

Abstract; A method for determining donepezil in rat plasma was developed and validated using liquid tandem mass
spectrometry, and the process was applied to evaluate the drug release behavior of donepezil bilayer microspheres in
rats. Chlorpheniramine was used as the internal standard, and the protein was precipitated with acetonitrile. The target
analytes were separated on ZORBAX Eclipse Plus C g, and 0. 1% formic acid solution and acetonitrile were used as the
mobile phase in a volume ratio of 40 : 60 for isocratic elution. Mass spectrometry analysis used electrospray ion source—
positive ion mode and multiple reaction monitoring mode to monitor the transition of ion pairs m/z 380. 0—243. 0 and
m/z 275. 0—230. 0 for donepezil and chlorpheniramine respectively. The concentration range of donepezil was 3.75 ~
120. 00 ng/mL, and the r*>0.999. The accuracy error and relative standard deviation were <15% . The matrix effect
variation coefficients were 3. 15% , 2.96% and 1.36% , respectively. The stable coefficient of variation of donepezil
under different conditions was between 0.27% and 1. 61% . The drug release of donepezil bilayer microspheres in rats,
with rapid absorption and elimination process, showed good sustained release characteristics. A new liquid—phase tandem
mass spectrometry method was developed, distinguished by its high specificity, sensitivity, rapid detection and reliable
results. This method offered an effective means of assessing the drug release behavior of donepezil bilayer microspheres in
vivo, serving as a crucial scientific foundation for the development and clinical use of donepezil microspheres.
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AR LA 5 BAT G2 REVE RN A W A 25 1k 6458 2 22 2 IR 5%y
FE, B IFR T — Pl 8 EL 45 b 5 1 22 2% R 55 XUZ O
FIFIROREAR LAY I ZREROR, KRB 25000, 150
BFE RPN . 22 AR BUZ R AR 10 45 44 £l HC RE A7 4
WP M 2R BE , B OR T ZAMTE IR AR E R, TR T
ARG SR AT REME , A e SR Y A 3 R SRR £ 5
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1 3 %
1.1 # #

RFLIR (PLA, MW 50000) ., R #LH2 (PLA, MW 30000),
A, BZEEL(PVA, MW 80 ~ 124 kDa) , VLPURI/RikERb2h
W ARAT; —EHF R MG, 7 E b 2E i B A B A
Al HREB/IRF RS, PEEMASEEVIR b kR

SISO TR, rh £ 25 S E S B s I R R
Merck; HoAAL2A A3 R 43 H7 4
1.2 ¢ =#/

Agilent Technologies 1290 Infinity & AH (53 130 BB FH (233
6470 Triple Quad LC/MS, MassHunter V10.0 T /Eu, EE%ZHE
&/ E]; ME105SDu K-, 18 E R E R £ 42 F]; TGL-
16 7 3 ¥ VR AL, T RS S B 2 AR A PR A F; DW -
251262 IR r BRI RATHT, & SRR A R A H]
1.3 1 %

M5 RE Ewk sy oo 4R 4, SPF 9 5119 Sprague -
Dawley(SD) KEL(180+20) g, ZIMTELZHI 3 d, 7E(25+1)C
H(T5% £5% ) AHBE T, ARIEIEIRER, v A ki
YRR (N SCXK (56)2022-002) .

1.4 SBERFVEMIKEF =

ZARWRSE (TCERY) ) MIEEFLIR (MW 30000) 5 T A H ki
W (B 15% ), BEREMHAME, MR, s s aifhk
IUANIMAR, A 30 s kA 3Lk 40 s, BRI O AR
W,/0, HIFL, FERILER (MW 50000 ) 7 58 W Be ¥ i (R B2
25% ), FHBEVIMMAR; K AR A SN A, RA 30 s, T
VKIS TR 20 s, TEMALAGKN W,/70,/0, Z3.; WEAET
4~8 CHAMFF 1 h, BH0.5% B LIGEM 5% FALMIR A
W, VERINKA, ¥ W,/70,/70, EHTEASNKAM, ESHHE,
24 h Rt s AR R, LA TR, 43 (60 ~ 150 pm) , 153]Z£
ZWRFFE ALk
1.5 FARSPR

SKHH H SR TM 4000 B S BE WLEE S AA L . o 38 R B
EE LA REES, SPEITE 0.5 emx0. 5 em B X S HL B A7
dll, JREEE T, XS ERESS, 7 Chg-up Red. (L) #
X, 715 KV R R N8 f g,

1.6 MEER

B 22 2SR FERUZ BRI BUAE Sk b 20 A TR T 5 R ik
BN 1.330, PratEailch SiEh 1,50 Mgk 0.1, i@
FHRARRERL, BRI ORI AR . B A R S5 0 00 i B [ 3
8 s, JCUHERETLFIBRHISEE N 5% ~15% . S3EAEFREREE 1 000 rpm,
HBAEHTE] 300 s, BEAS 3 AMPEFRN T, ZEREHECAE,
1.7 HAEMEHE

BB A 20 mg, BT 100 mL #3HF, N5 mL —H

FLIRIHERT 30 min A, FMAZWR « 0« mER=
650 : 350 : 1 MM BhAH (B b, 1 -FEMEmimRN 2.5 ¢ I T
650 mL ZlifbK) a2, HUELuE W m oA e, N ek
Lokt A hE B AR FE A (Symmetry ©) Cpg 5 um, 4. 6150 mm) ; #E
IRA30 °C, . 1.3 mL/min, PEEEIRAR. 10 pL, KEIUBEK.
271 nm,
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Agilent 1290 =55 AR RS {SCRI L 8 55 ( EST) B TR, (i
3SR Agilent ZORBAX Eclipse Plus C,q (354 (3. 050 mm,
1.8 pwm), FBIHHRE 0. 1% WERIET « LM =40 : 60, JHN
0.2 mL/min, FE{E 40 C, #HFEE A 4 pl, FEIGKM. BB
BT, BAEHEEL000 V, THEASIRRE 300 °C, THEARHE
5 L/min, ¥R 250 C, AWM 12 /min, F1LEET
45 psi, KA MRM #i:0, 7EIE B T F a5 8H# 3 75 m/2
380. 0—243. 0( ZZWRFE) . m/z 275. 0—230. O AT, MR .
1.8.2  NARV W1

BRI ER IR 10 mg, FEHEMRE, BETEMET, W
AW (Z NG 60 mL A1 0. 1% HERK 40 mL) iFfRIFE 2, ff
FFEISHHTE N 1.0 mg/mL, VBN NAREER, K2 R BN bR b
T, ARG R S SRR BOR N 30 ng/mL A9 AR
1.8.3 A VS v TRV TR A i i

BUER R 22 Z3 R F7 4T BRS (AH 24 T 2 F2URSF 10 mg) , ol vk
2R 2 400 ng/mL 2 ZSWRSTAH A WU, TR R0 VA B8 1 ok
41200 ng/mL, 600 ng/mL. 300 ng/mL. 150 ng/mL. 75 ng/mL,
37.5 ng/mL HARTE TR,

1.8.4 AV FL

SR “1.8.3” BYECHI L, HEIEE R 2 400 ng/mL £
ZRWR 55 0¥ A A VA T, TR R R A VR N 900 ng/miL
300 ng/ mL. 75 ng/mL F137. 5 ng/mL B B4 TAEM W . 4> Bk
FRPUE RS AN, AR TARER, WieiRe, Bk
B4 90 ng/mL( HOQ) . 30 ng/mL(MOQ) . 7.5 ng/mL(LOQ) .
3.75 ng/mL( LLOQ) A4 I
1.8.5 IM3EEEMALEE

KRNI FER 50 L EE.LE, A LN 400 ul, #
Ji€ 3 min, 4 CFLL14 000 g #.0> 10 min, B EIEH 100 pL,
A E PR AR BOA W 20 wL, RIS HERE T,

1.9 £¥oHAERIE"
191 k#H:

6 AR A2 (YK, % “1.8.5" FikAb#)E,
BRNZS FRES . A% “1.8.47 Tl LLOQ Fifs s, %
TRARE AL BE B P IR A TR FH 0T
1.9.2  FrAEMIZR

A K 2 BOE 2 MK, A 2 SRR SR T AR
W, WHERA, BCHE R 120 ng/mL, 60 ng/mL, 30 ng/mL,
15 ng/mL, 7.5 ng/mL. 3.75 ng/mL FRAEIIZE (SI ~S6) K,
23t “1.8.57 ACFSEAHT, DL ASURSF U BE R Ak bR, £
ZRWR S R A 55 SRR (B Y LU AE R Ak b, 2R PR B
ZWER S B 1/X2, iCsRE T AL R
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1.9.3 HfRER 0.02% . 0.02% . 0.02% . 0.02% . 0.02% .

Bl 6 I hrifE LR R ARIR BE VAT, $% “1.8.5” AbHEE L
WA ATUEAT LC-MS/MS 2081, LIS RZE(CV) RRF 20%,
WA T 80% ~120% HAGWE =10 B/ e fiE bR,
1.9.4 ftE®E

WRE R HOQ, MOQ ., LOQ MYBRIIAAS S iy, FFarml4g i
IRE AL BT P AL B S BB RT, S H RS R R R
[E. WFESIESLIERE 3 d, I H RDRE 5 R R B, ok
CVAKF15%,

1.9.5 iR

TR BE (SEPR{E/ E S X 100% ) B3R AT 85% ~ 115% 2
lH), FAfE MR (LLOQ) BRAF A 80% ~ 120% JEH ,

1.9.6  FEFRRLN

B “1.8.3” thikEE A 1200 ng/mL, 150 ng/mL. 37.5 ng/mL
HIARAE T VRIS W, 4390 3 #lbas /i 2k B, fd 4 ok B 4 0 ok
120 ng/mL. 15 ng/mL. 3.75 ng/mlL BIARVEIL IR W, R4 1
FE AASIRIHE v 0 FE B A5 e ) 3 M, FRIURR TR R T o e 2 43 301 oA
120 ng/mL. 15 ng/mL. 3.75 ng/mL M40 4 1 4y, A ke
rndE “1.8.57 ARE L VE W IEAT LC-MS/MS 4387, PARIA
— L EFEF CV AKTF 15%

1.9.7 5k

IURRIE BT 1 foe KMk B VAR e R e, R — 28 R
fh, IESRITA R Y 22 WRST 5 SORIRE A R (8, 5% BRI AN
T ERE TR 20% , I H A NARE 5% .

1.9.8 FiBEmIEEPE

PR BT, 4 6 Uy RN 900 ng/mL K,
FAZS AR RE 10 45, Hedk “1.8.57 AbFRJE IR b W4 W B Al st
1T LC-MS/MS 43#F, 0B SV TR 223 UR ST S (8, 31
N 2 B TN B
1.9.9 FEM

A 6 - FATRERL, A AITEIC Sk 22 45 R ST 45 A S TE 0 IR
BB 4 b, EERRD 3 WL K -20 CARAE(1, 60 K)ZE4MET I
FENE,

1.10 HRHAZEMR

6 JERERY 16 H SD KE-AWILL, FENLTECRIZES, MiMES
Ao B L ARNRST DR TR 4 BUPE B B0 e R g, FEf 10 Ak
75% B, 4 il R SUZ LR () 25 2530 i, 5 —2H 25 me/kg,
5 50 me/kg, FEAFTEBTIM A K B (n=8) SR I, Y
M MAEZE 3 000 tpm F 505 min, B, LA-80 CIRAT,
1.11 it o

H A5 i) 5 1ML 24 % 5 4509 i A PKSolver (V2.0 BiAS ), ik
Bl EBEMITRN %S5 1,. To Cos AUC.,.
AUC,. MRT,, . Vz Al Cl, 240}l 28 °F i AL B 98 o ok

.':H[lo—ll] .
2 R 5%
2.1 &EEHE

ESHEZS F SRR S S B, SR B 245 IR 55 AR
AR AR R B R A T, WiE 1~ B3 dgs (o iR
MR TR . 7SHEES LSRR i v 22 45 WR 5°F i 1 1 4 312 A
R E T BR WA Y (E B 2.16% . 1.60% . 2.14% . 1.30% .
1.29% | 2.44% , 52 Ty ok M2 & R 7B 0w RN {19 0.09%

B A A LC-MS/MS 4Tl
Fig. 1 LC-MS/MS analysis of blank plasma

B2 &N LC-MS/MS 4 Hr &l
Fig. 2 LC-MS/MS analysis with internal standard
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Table 1  Results of different concentrations under the standard curve
pasl v PR IR/ WA B2/ LRSS
(ng/mL) (ng/mL) (ng/mL) e/ %
S1 3.75 3.81 101. 64
S2 7.50 7.34 97. 82
S3 15. 00 14. 61 97.40
N 30. 00 29.94 99. 80
S5 60. 00 60. 32 100. 53
S6 120. 00 123.36 102. 80

®2 BRREERMEBEMBETELSR
Table 2 Accuracy and precision results for the lowest

limit of quantification

AR/ Vo4 TER Ty

D CV/%
(ng/mL)  (ng/mL) J#/% 1t/% v
3.31 88.29
3.58 95.58
3.33 88. 88
3.75 89.95 0.03  3.89
3.28 87.53
3.25 86. 57
3.48 92. 83
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RNV FEITE 3. 75 ~ 120.00 ng/mlL, Ett FBR 3.75 ng/mL,
FIHEZE y=0.031 272x+2. 107 000E-004, kR E () N
0.999 3, & T MR 60 E 2 89.95%, 7 REN
3.89% , Hor, e T BRAY RIS B M FR R (E Y 101.64% , #5
TR M 28 25 e 1 T B0 3 40 ) R A s (LAY 97, 82% | 97. 40%
99.80% . 100.53% . 102.80% , 4R WFE 1, F2,

2.3 HEEMERE

PAZS R RIS Ry B 5T, 43 ) #5 Hk B2 2 7. 50 ng/mL,
30.00 ng/mL, 90.00 ng/mL AYRIEER, HERKGEE, 4R N0
3, 4, Hr, ZRURFT AL RS % AR AR s TR R 4 G
1.92% ~2.24% . 1.41% ~3.14% , 0.97% ~2.05% , tIA] 45
WA 1.51% ~2.06% Z [8], 2 %% Wk 5% 09 7 35 i o ) 78
88.28% ~97.30% Il

R3 DWAENHBEE (n=5)

Table 3  Precision of analytical methods (n=5)

) HH 1A 25 i
e Day 1 Day 2 Day 3
FHIE SD CV/%
A 6.62 6.64
7.50 ng/mL HLNAE SD 0.15 0.13 6. 64 0.14 2.06
CV/% 2.24 1.92
FEHIME 28.21 28. 34 28.29
30-00 ng/ml. sD 0.40 0.89 28.22 0.55 1.95
HEPIRGE 5 : : : : :
CV/% 1.41 3.14
FHIE 87.57 87.44 88.07
90. 00 ng/ml. sD 1.40 0.85 87.70 1.33 1.51
HEPIRGE 7 1% ’ : ’ : :
CV/% 1. 60 0.97

R4 SWTEREBRE (n=5)
Table 4  Accuracy of analytical methods (n=5)

HEW S/ %
P
7.50 ng/mL 30. 00 ng/mL 90. 00 ng/mL
Runl 89. 14 94.27 98. 66
Run2 90. 13 92. 81 99. 09
Run3 86. 02 94.76 96. 52
Run4 86. 31 95. 74 96.93
Run5 89.79 92.59 95.32
SFE 88.28 94. 03 97.30
SD 1.96 1.33 1.56
CV/% 2.22 1.41 1.60
2.4 ERHM
x5 BERBELER
Table 5 Matrix effect results
o haes 7””%”3 e HE e S CV/%
(ng/mL) % s e/ %
oc- 1 0.19  0.29 0.66
375 2 0.19 0.29 0.65 0.67 0.02 3.15
3 0.20  0.29  0.69
1 0.19  0.32  0.60
12.(;(;0 2 0.19 0.32 0.60 0.59 0.02 2.96
3 0.17 0.30  0.57
1 0.17 0.28  0.60
120(?;)0 2 0.17 0.28 0.61 0.60 0.01 1.36
3 0.17 0.28  0.60

TEL R FFHITE 3. 75 ng/mL, 15. 00 ng/mL, 120. 00 ng/mL
SARE T, ZWARIE— bS5 AR R R B B R
3.15% . 2.96% . 1.36% , ZEFMR TS H,

2.5 % B

R BERE TINS5 R R 2 AR DR S AR B B IE] A SF-3
Wi o7 B2 LLOQ 14 2. 52% , 349 o (B S AR HU 0. 04%
2.6 WHEFEH

ZZURFTF 900 ng/mL ¥R EERE T2 10 AR RS, I H:
W55 B RV H R B2 43 51K 1. 259% F1199. 60% , F5 4 B sR
HiRWFEe,

xo BRERUREMMER
Table 6  Results of dilution reliability

ke

IR/ o/ TR/ WEEE WMBEEME TR
(ng/mL) = (ng/mL) CV/% WHE/% WE/%
(ng/mL)
87.40 97. 11
89. 81 99.79
90. 12 100. 13
900 89.63 112 1.25 99. 60
90. 49 100. 54
90. 10 100. 11
89.93 99.92
2.7 REM

W7 FiR, LUK RS R A 4 5 5 A0 22 23 R 57 5 8 16 0
WIRE 4 h, REHR 3 WL KL-20 C 60 d F&MFEER
ﬁ{c
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Table 7 Solution stability results

W E/ (ng/ml.) HERA S/ %
PG
7.5 ng/mL 30.0 ng/mL 90. 0 ng/mL 7.5 ng/mL 30.0 ng/mL 90. 0 ng/mL
S 7.22 29. 94 88.78 96. 20 99.79 98. 64
4 hoat Ei SD 0. 04 0.13 1.43 0.52 0.43 1.58
CV/% 0.55 0.43 1.61 0.55 0.43 1.61
SEHE 7.22 29. 94 88. 80 96. 22 99.79 98. 66
1 day at
SD 0.03 0.13 1.43 0. 40 0. 44 1.59
-20 °C
CV/% 0.42 0. 44 1.61 0. 42 0. 44 1.61
S 7.22 29. 94 88. 67 96. 22 99.79 98. 52
60 days at
SD 0.03 0.13 1.41 0. 40 0. 44 1.56
-20 °C
CV/% 0.42 0. 44 1.59 0.42 0. 44 1.59
A 7.20 29. 94 88.25 95.98 99.79 98. 06
(’ifﬁmﬁ 4 SD 0.02 0.13 1.42 0.26 0. 44 1.57
3|
CV/% 0.27 0. 44 1. 60 0.27 0. 44 1. 60
2.8 WIBMR SRR,
TEGEE IR AT, 2RSS BRI RIS, TRE. 100
Bl 4B W] 0L, kN A s, SMEEE T —)J2(3.40+ ~o-some/ke
7 Ly 37 » “ ” &2 mg/kg
0.41) wm ARFLBMR, JETIXOASCBLLL & 28+ i =
HIRIEIR R, ZRURSTAUZ IR 225 1 0 (30.4% £1.2% ), B
LEPAAE (84. 2% 2. 5% ), 107 )5 B RORAARE FIE 112 pum, .
.;L:: L
3 0.1 r T T T T T T r
5 10 15 20 25 30 35 40 45
0.01

4 ZZRURSFERURBERSMIL

Fig. 4 Appearance of donepezil bilayer microspheres
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Fig. 5 Particle size distribution of microspheres after sieving

2.9 FABRATAMRER

MIE 6 AT, ZARNRSFRUZ ERG 255, 78K B4R P 9 1
2R /IR B DRHE T, SRS IRIE , AE 1 d N I R R
%10 dRFIEME, BEJE T REIEATNIRE, ZA0RSFRUZ Mok
RN SRR, SR 2 AT BB O G %, JF
HAEW PR — A A DL b B4 5T PKSolver A AL #1L45
F(F8), AR FESEERMER 1 4 (25 mg/ke) FEER
2 41 (50 mg/kg) [ C,.. 4394 19. 36 ng/mL 1 33. 92 ng/mlL,
AUG,_, 43914 224. 19 ng/mL - d H1402. 87 ng/mL - d, FI& 5

Time/d

Bo ZRURSTLM A
Fig. 6 Donepezil drug—time profile

x8 SRMFMNEMKNARNNZHE

Table 8 Pharmacokinetic data of donepezil bilayer microspheres

ZH ek 1A ok 2 21
t,,,/d 5.84 6.23
T,,./d 10. 00 10. 00
i/ (ng/mL) 19. 36 33.92
AUCy 394/ (ng/mL - d) 224.19 402. 87
AUCyp/ (ng/mL - d) 228. 15 412. 68
Vy(mg)/(ng/mL) 0.18 0.22
CL(mg)/(ng/mL)/d 0.02 0.02
MRT,y/d 14.71 15.57
3 % #

AHFFEIT AT FIRUE 1 —Ff 00 K B v 22 2% IR 57 19
Frmedk . R PR E TSR LC-MS/MS Jiik, ZIEMHA R
LML HERRIERORS R, RERSMERR I IR AN R, KTk
T 2 23RS RUZ ORI IR AR5 47 03840, sl i+ S8k
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