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(] B AR A ) B ADP-I00E B84 W (PARP) A7), F8 45 0 882 16 g 44 LA 25 8 BRAL 4 B, Sy Bl 4G
PERHR G (TBDIARYFRRALHT RIS . 755%  #RAif e 5 =485 (TPP) Bk #5 TPP-OLA, S ik A lESS /4 I PP AR S
B AR o ST SO €% (HPLC) I T2 1 23 BT, SR FH AR K Ak 12 1 48 B 08 1) 2R 245 AR (AT Ak 122, 58 AR
SNBRZIAT R, BER INIRIS 4 TPP-OLA, HX} PARP BEAYEEEMHIMREE A 4.1 nM, (888 T H L BB 96 . &y
i) HPLC 57 2 ~ 1024 pg/ml ¥R EETEFINZe: REF(R™=0.9993) . fLiEAb I il & (4 IR n] g S A4S MULRI &, -3 k4% 82.24 nm,
T35 Zeta BN + 9.9 mV, (I3 3R 3E 80.0%, AR e P RAr, HRIH Kk 72 h P RERFFHIE., &t TPP-
OLA &5 B W AT, HA R Bk B4 B BAL M BT 5 2 PE, J TBI R S P IaY TR AL T s ik 4044
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Synthesis of mitochondria-targeted Olaparib and preparation of brain-targeting

liposomes

WANG Jiayi'?, ZHANG Liying’, FANG Menglei’, YANG Yang?, GAO Chunsheng’, MENG Qingwei'(1. School of Chemical
Engineering, Dalian University of Technology, Dalian 116024, China; 2. State Key Laboratory of National Security Specially
Needed Medicines, Beijing 100039, China)

[Abstract] Objective To synthesize a mitochondria-targeted poly (ADP-ribose) polymerase (PARP) inhibitor and
prepare its brain-targeted liposomes to investigate their physicochemical properties, aiming to provide a novel strategy for the
treatment of traumatic brain injury (TBI). Methods Olaparib was conjugated with triphenylphosphonium (TPP) to synthesize
TPP-OLA. The chemical structure was confirmed by spectroscopic analysis, and its enzymatic inhibitory activity was evaluated in
vitro. A high-performance liquid chromatography (HPLC) method was established for quantitative analysis. Brain-targeted drug-
loaded liposomes were prepared using the thin-film hydration method. The preparation process was optimized, and their in vitro
release behavior was investigated. Results High-purity TPP-OLA was successfully obtained, exhibiting a half-maximal inhibitory
concentration (ICsy) of 4.1 nM against the PARP enzyme, thereby retaining the corresponding enzyme inhibitory activity. The
established HPLC method demonstrated good linearity within the concentration range of 2—1024 ug/ml (R=0.9993). The brain-
targeted liposomes prepared using the optimized formulation displayed a well-rounded morphology, an average particle size of
82.24 nm, an average Zeta potential of +9.9 mV, an encapsulation efficiency reaching 80.0%, favorable in vitro physical stability,
along with a steady sustained-release profile over 72 h. Conclusion The synthetic route for TPP-OLA is feasible. The resulting
drug-loaded liposomes possess suitable physicochemical properties and druggability, offering a novel delivery vehicle for precise
neuroprotective therapy of TBI.

[Key words] traumatic brain injury; mitochondrial targeting; Olaparib; PARP inhibitor; liposomes
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FERZ WIS AE T TR b, 3R ADP % BH R
4 [ (Poly (ADP-ribose ) polymerase, PARP) [ 13 J&
WOTE B 2B & TBI S g & A8 G HL Y G 4
HE, HF5E# W, TBIIE S 1 DNA #i40i & 1 il
PARP #f FEU4 T, 24NN NAD Fil ATP 8% K it
THFE, INITB KM LIT T 5058, SR, 1558
() 4= B PARP 410 77 78 BELIKT 126 9 B S5 o 1) () Bt
FEAT £ R i FE A IE H PARP 19 2E B 3y i 111 7 A=
FEEMARERITER . (5 ))&, Szczesny 55
R 5E4E 78 T PARP A D) RE R B H I 3 (1) 3041 g
EANAKHEPE: 555 414 DNA & Z 19k N
PARP A [f], {57 AR 1) PARP 2 Hll il A {4k
DNA FEE IR BE EAEE ™, K, A sLkiik
KRS ] ) PARP P73 3% R 4, A2 55 S A i
LRI PARP S5 350 )[R, £ B 40 A 16 1)
APEE TRE, TR BB 2T e T T TETR YT
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BT, AR B HUIE K —2 PARP 1l 71 52
$7 1A JE (Olaparib, OLA)/E Sy #5214 245 4 O, 4 %
OLA JF 257K ¥k 22 LBl = 52 7 20 B 5 1) P A9 11
PR R, BTt I16 BT — R EAT Zohr (A )
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1602 1T P KRB 2R 2, TR P32 44, 3 3 85 7 1 LA
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Isolera One- [ L5345 €4 154X (Fi 4 Biotage
23D 5 Quantum-T 400-4% 3R 1 A (I RR-
HEER ARG FRAF]); Agilent 6230 TOF LC/MS-T&
AH - AT R BT (32 [E Agilent Technologies
28 ) )5 Arc HPLC-f= 200 AH €8 3% 4 (38 & Waters
/3 A ); AR224CN-H - K *F- (32 [E Ohaus 22 A );
OSB-2200-fiE % 75 & {L (H 4~ EYELA A H]); SHZ-
D (1) - #1 7K 20 B 28 28 (R ST TARAL AR A BR A
] ); DZF-6020-FL.%5 T4 48 (L1l —fE BN E5 A
BN ] ) ; SCIENTZ-1ID-8 75 I 41 M R BB (77 3
Z AR A A BRZAF] ) 5 Litesizer S00-ZH KA
Tt A A (B A Anton Paar 2\ 7 ) ; Turbiscan
Tower-22 B 5GBS (35 [# Formulaction 2 7 );
HT7800-i% & Hi F & il %% (H 4 Hitachi 2\ #] );
Spark-% W RE R 1Y (Bt Tecan 2] ); CF1524R-
R VR OHL(SEE SCILOGEX 4] ) o
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HATU( BB T AR R A BR A R R
Wi PE (CS-95) ., AH[# % . DSPE-mPEG2000( | i 3
50 B 25 B4 A BR 22 7] ) ; DSPE-PEG2000-RVG29
(TR K AL RN A BRZA ] ) ; PARP H (854G
MR &5 (35 E R&D Systems A 1) ); 2% W R 1
Ye i . 10% Triton X-100 /KW (b &K EF}
FAPRAF]); PBS il GRINFEAE /R AW R AT
PR A (g ali . 2% (3¢ 1E Thermo Fisher 2y
) BrE IR TR IR CDCly. DMSO-dg( L%
it 7 b2 PR ) ); Amicon Ultra 0.5 ml #8 JE4
(30K MWCO, 2 [# Millipore 23 7)) 525t i i
H A2z B i se 38 i B o adi
2 ik
2.1 TPP-OLA #4%

DL 5-[(3,4- A -4-50 A0 - 1-BRgg 3L ) F 3 125
AR ARG RO, bRl . AR N-BEfE K
AL 4 D ROV B PRES Y TPP-OLA(E 1),
2.1.1 Hak 3 ARk

P 1(5.00 g, 16.76 mmol)¥% T 50 ml —
AW B, FUKIE T A4 &7 HATU(8.29 g,
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K,CO,, CH,CN, 0 C m B R O
2 3s 3 s F \"/\/ T o)
0
TPP-OLA

E 1 TPP-OLA HU&RLIRL

21.79 mmol), $¢ #¥ 10 min & 5¢ 4 ¥ i Jo , i
N,N-— 5L 212 (5.85 g, 45.26 mmol), kL1t
30 min, FHGZEETHMLAY) 2(4.06 g, 21.79 mmol)
(1) A e (20 ml), W vkin, BRI 2= R
KW 3 he TLCCAHMEE : LR LBE=1:2, vv, T 1%
FRR ) W 28l N 58 4 o IO 45 R I, K s g T
T e R, AU AR Rl PR S K VA L T A
BRI RZERK PR . A HUAHH TCK R T8,
IEUE, WORMRARHLE . R Y e e ) A g 2l
b, DA imE- 208 1R (B 1% R ) b PR 751 ()
PEHCBIAN 100 = 0 FHZ 40 = 60), Wede HFRZH > I8
FE4E, fHR B A AT EA 3(6.67 g, 773 85.3%) -
'H NMR (600 MHz, CDCl;)8: 11.12(s, 1H), 8.52 —
8.41(m, 1H), 7.84 — 7.60(m, 3H), 7.36 — 7.28(m,
2H), 7.02(t, J = 8.8 Hz, 1H), 4.28(s, 2H), 3.73(s,
2H), 3.51(d, J = 9.0 Hz, 2H), 3.38(t, J = 5.2 Hz,
2H), 3.26(s, 2H), 1.46(s, 9H); ESI-MS m/z: 489.18
[M+Na]",
2.1.2 HEfk 4 B AR

F a4 3(5.00 g, 10.72 mmol) ¥ T° 50 ml —
AR EEd, T 0°C vk R A, Fidk ™ 222 n
= MR (33 ml, 428.71 mmol) . HINFEH)E, i
K, FFEER Y 2 he TLC(CEH B H
BE=5 1 1, vy, &% 1% /K I E RN e 4. ¥R
IO R Rk H TR A7 , o 25 BB 43 ) St w1 =3 &
R, FRAIING 28K AR RS, vkl N R Ak
[HUKIBR ST pH = 8~9, MRS
UAEHL, A IFA U, R AR A& K e, Jok
TR T8, LU, Wl R v 4, 15 11 40 [ A e [E] 44 4
(3.51 g, 7% 89.3%). 'H NMR(600 MHz, DMSO-
dg)d: 12.61(s, 1H), 8.26(d, J = 7.8 Hz, 1H), 7.97 —
7.80(m, 3H), 7.45 — 7.18(m, 3H), 4.32(s, 2H), 3.59
(brs, 2H), 3.14(br s, 2H), 2.78(t, J = 5.0 Hz, 2H),

2.64(brs, 2H); ESI-MS m/z: 367.15 [M+H]",
2.1.3 Ak s AL

# Al 4(5.00 g, 13.65 mmol) % T-Jo/K 2 )i
(100 mD 1, F 0 °C F i A J& 7K ik 1R £ (5.66 g,
40.94 mmol), i FEIEIE M . FEA R T, 218
A 3-TR TN E SR (4.68 g, 27.29 mmol) 1Y TE K 2 )i
W (20 mD) o JEINSEER SR, 4EdF 0 °C dkahi bl
R 8 h, TLC( G &E : HEE=10: 1, vv, &% 1%
UK W 2 N e 4 o RN TR UE bR AN TG
HLER, WEUEH/D i G TR . B I IR He e 4 -
AW T AW, R ZE IR K R Ak
IRV, ToKBRRREN T4, 1L U8, Rk ai . M=)
2P 45 (i ik, LA S - (& 1% &
KO Sy BRI AA ZRHEA TR B R MO (AR P L A8 I 100:0 T
F 9:1), WE HARALAr I R 4R, 151K 75 (o [ {4
HE K 5(5.10 g, 7% 74.6%) . 'H NMR(600 MHz,
DMSO-dg)8: 12.59(s, 1H), 8.26(d, J = 7.9 Hz, 1H),
8.03-7.76(m, 3H), 7.49 — 7.18(m, 3H), 4.33(s, 2H),
3.75 - 3.46(m, 6H), 3.42 — 3.34(m, 2H), 3.22 — 3.14
(m, 2H), 3.03 — 2.90(m, 2H); ESI-MS m/z: 523.06
[M+Na]",
2.1.4 HPFrfbE%) TPP-OLA G 1

FRECH R 5(2.00 g, 3.99 mmol ) Fll = 4 L JK
(4.19 g, 15.96 mmol) & T 250 ml [FJEELHH . 1A
FMESFFFTARSG, A 10 ml DMF 5 #1751,
Rl 5 M 100 ml FE 2R O e v i il 2 120 °C,
[ S N 24 he TLC(ZS H e « HIEE=10 = 1, v,
1% FK) W 2 S AN b . OM S5 HE A
SRV H B =R, WU AR BR 25 KR40, A5 25
RIEAD . BRI PIMAZEIR K S LR LT, R
SRR ST BT, R RO . KA A
HBE 2 R 2R B, & 0F @ e Al JCoK B iR a0 1
o TLUE, WRMRAE IR o R 2 e A
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ek alifh, DG H - B PR A R R AT A
Ve (e M LA 100:1 T+ 1:1), W dE B A4l oy
JFuel v 4, A5 @B RO B R4k & 9 TPP-
OLA(1.03 g, 7# % 33.7%). 1H NMR(600 MHz,
DMSO0-dg)8: 12.60(s, 1H), 8.25-8.22(m, 1H), 7.96-
7.73(m, 18H), 7.45(ddd, J = 8.0, 5.0, 2.2 Hz, 1H),
7.35-7.30(m, 1H), 7.23(dt, J=9.3, 4.7 Hz, 1H), 4.32
(d, J=4.5Hz 2H), 3.81-3.72(m, 2H), 3.59-3.47(m,
2H), 3.45-3.34(m, 2H), 3.25(dt, J = 15.6, 5.2 Hz,
2H), 3.07(d, J = 6.6 Hz, 2H), 2.84-2.70(m, 2H); "*C
NMR (151 MHz, DMSO-d4)8: 167.67, 167.58,167.49,
164.04,163.97,159.37,157.16,155.54,155.47, 144 .82,
134.85,134.83,133.77,133.71,133.48,131.85, 131.80,
131.54,130.19,130.10,129.05, 128.86, 127.87, 126.04,
125.46,123.48,123.35,118.82,118.79,118.25,118.22,
116.01, 115.93, 115.86, 115.78, 54.92, 46.30, 45.92,
44.57,44.05,41.61,41.29, 41.03, 40.97, 36.41, 25.54,
17.35, 17.26, 16.99, 16.90; *'P NMR(243 MHz,
DMSO0-dg)$: 25.05(s); ’F NMR(565 MHz, DMSO-
dg)d: -119.72(s); ESI-HRMS m/z: 55 {8 CyHs,
FN,O;P" [M]" 683.2582, Ill|H1E 683.2582.
2.2 TPP-OLA %I PARP B ) i& P a4 m) &

AHEFE R PARP T PRSI &34 TPP-
OLA MRS BN HIA/E R . KA Emrm
96 FLARH 1x PARP ZZ il /K& ) , MU In A B2
Fii BE 1) TPP-OLA B BH I XiJ HE BELRT )2 (e 24 S
WP RR 107°~ 1 uM), I A PARP-HSA il i o
KR T T 10 min 5, T A 1x PARP RS
Ja SR, I T = REOEFE 60 min, SN 45
Ji, IR A W% . A Strep-HRP T AE#& S TACS-
Sapphire XY TBA . Fela H 5% BRI R 1L
FRE, i FBEAR A 2 450 nm b B9 SERE . DLZy
Py FE (AT ESCIE R B AR e, AL ) AT ) 23 A Al
b, F A GraphPad Prism #X {4 #EATAE LML A, 1T
SRR B (ICs0) o
2.3 JE¥ew fE AR TPP-OLA/Lip 94 &5 T ¥
2.3.1 Wi ) 22 g B AR e il A

K FH IR K Ak 7 1 % TPP-OLA il #8 [7] i
T o 2% FREUR S W5 HE 295 mg. IH[E EE 15 mg,
DSPE-mPEG2000 20 mg., DSPE-PEG2000-RVG29
30 mg UL M H k&4 TPP-OLA 5 mg, 3L & T
100 ml BFEHH . A 6 ml =5 H e, #E75 ffi g
A RS 25958 2% . T 50 °C KA. 120 t/min
MR, WUR TR 78 R R RAVLER, B IR

W25 BRI, B TR R LAY
FERR 258 BB, A 5 ml &4l KA4E R KA T,
1£ 50°C /K. 120 r/min fE%% KAk 30 min, {5 8 5
VR TE BN BT . B, SR ISR A AL (T 2
200 W, TAE 2 s, []8K 2 s) ZEVKIK I T AL BE 15 min,
RI45 TPP-OLA/Lip AR -
232 kift. PDI J Zeta HAV R 5E

K55 H 100 pl TPP-OLA/Lip AR, 15 1]
EAUKFRRE 10 55, BT S, SRk
B RE S HLAE A3 T AN T Bk AR L 240 ER AL
(polydispersity index, PDI) Lk & Zeta HLA7 . Al
TR R AT T 3 1K, LB SR R AR oy
A7« ¥ —1 e T L AT AREAE
233 fuEERANE

K AR U8 25 0 7k 45 A HPLC il %2 TPP-OLA/
Lip Hf3}% (encapsulation efficiency, EE%) o

i 5 24 ) 1 A K %% L 500 pl TPP-OLA/
Lip g iR AW, B THIESLE B T2
30kDa) 1, F4°C ., 12600 r/min 25 F &L 15 min,
WSCEE R AIME v (R VT IR TR, I AGE B 26 (U
EWRILBIZEK « 2 =6 4, vh), R iR itke
i, BRAS RS 25 M i s i

2 Wy R < R % B 100 wl TPP-OLA/Lip
R BT, A 1.9 ml Z 5 - RIZ0R HER % LAY
JEBEFL. T 4°C. 12600 r/min 251F F &0 15 min,
e 25 W B T R, ol FH e K A R (IR 7 3 74
Felil 2K « 205 = 6 = 4, vwhv), ¥ 3% Z ii vERE
H, RIS 3 S 25 A At T R

W b 3R A (A 5 Y R A ST 4 1) HPLC
P AT UERE ST, AR AR v B 2 2 B T R s 24
Y (W) FUE W T (W) o LEFZRA T
/N W (T

EE% = (1 - WL) x 100%

total

234 K5 T AT

BT AR UR B 3 005 0 S Y B R A T
2, it AR AR B2 R b T, AR R
JEOGT S e B0 1] i AR A 2 PR R ) OGS AR TR R AT T
HREREE, DR EE 3, Fkif2 | PDI
W Zeta A RPEMT 45 R

2yl ORI e [ AR BB 2R %) B A L AN
A5, o WL H AR LA ¥ TPP-OLA 1 #kF i (1,
2.5.5. 7.5, 10 mg) & A A8 5t i 45 TPP-OLA/Lip fig
Jithk, FEANE 255 Ho o iRk AS | PDIL Ak 3R
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Ko Zeta B [R50, B 7 b J7 T 2590 5 1 TR
(R e AR A

Y R A O o« 7 G A e (2 D BB R Y
FLah b, DA AT F A AL R R S R R AR A
(2ml =EF4. 6m AP L. 8ml =& F
Jot + 4 ml I 4 ml =& e + 2 ml FHES) 528
il % TPP-OLA/Lip R iR, 25 28N A R 7 5]
1A 2 06 JHE BT IR 25 DA I e 4 g S AR ki 4% . PDI,
PR K Zeta HANLFYFEH
2.4 TPP-OLA/Lip % % 4E
2.4.1 TPP-OLA/Lip HIE A Mg

I B 8T 45 1Y TPP-OLA/Lip AW, 1
FH SRR RE 20 % BUCER A B IRR in 4 ) 1
1A, 8 10 min J&, FHIE 400 20 2= 2 A0 MIA
B, TN 2% BEES IR T Yt T YL (5, 24 2 min J5
PR HIEA T 2R . AR TERT AR
THE, BT &S B 5 (TEM) TSR B ik
AITOITE S
2.42 TPP-OLA/Lip 4 3HAE 4G

K FH 22 516 WU AU I R A2 BUAR 2R 19 )
R E MR HEAT R o BUE & OB & 1 TPP-
OLA/Lip & T % JH I &3t o, R FH 2 B GHURY
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