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Preparation of oxytocin liposomes modified by cell
penetrating peptides and evaluation on brain targeting
efficiency via intranasal delivery

LU Feng-mei, LIANG Hui-min, SUI Li, LIU Zhe-peng’

(University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: The water-soluble polypeptide drug oxytocin was encapsulated in liposomes by reverse-phase
evaporation vesicle method to obtain oxytocin loaded liposomes (OT@LPs) which was further modified with
cationic cell penetrating peptide—arginine octamer (R8) to get R8 modified oxytocin loaded liposomes (OT@LPs-R8)
which showed enhanced mucoadhesive. The brain targeting efficiency was evaluated preliminarily after nasal
administration. OT@LPs-R8 showed a round shape with a particle size distribution of 110.2 + 7.3 nm, a surface
potential as high as +18 mV, a drug loading (62.17 £+ 1.88) %, an encapsulation rate (5.85 + 0.72) %, and stood
stable in nasal mucus. After nasal administration, it could significantly prolong the retention and enhance the
distribution in the brain with no irritation to the nasal mucosa. The animal experiment in line with the regulations
of the Department of Laboratory Animal Science of Fudan University on the ethics of animal experiments had been
carried out after passing the review of the Animal Ethics Committee of Fudan University. The results showed nasal

administration of OT@LPs-R8 could promote oxytocin directly into the brain from the nose which expected to
become a new carrier for delivery of oxytocin to the brain.
Key words: oxytocin; cell-penetrating peptide; arginine octamer; liposome; mucoadhesive; nose-to-brain delivery
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B 00 B TS PR ST N LY A R G, ELE 1 PN R
FAK. AR OT EXE PR IGIT J7 I 11, Ride &
FAE R N BB A o XF T i ek 1K 2 A, I i B PR
(blood brain barrier, BBB) 23[R #il| K43 F £ Ik F H 352
Yok NN R FEIR T AE L, T4 B S 2 R g g8 0
BBB, ¥ Zj ) B # ik 2 K. HZ RSB
) R B I2 035 e 70 22 « DR 5 28 R0 P B i T e 7 B B AE
B b 5y vl A, DR UL, 22 B ON Y 2 2 1D AR AR
¥, BRI R, KIS RAREH KR 2 IKE
1 2R 25 ) Jkt T G B% R, Zaman U] & T 13 OT 11
PLGA 4K i, B FEL & N6k . (A Z R EE S
TERIT AR, AT 5 v M S 250 B o e o g AR PR BELAS
90 %8 JEE K (cell-penetrating peptides, CPP) & —
AT A T AW R 4y 1 B2 W A N A B 1 K
CPP A1 5B 1] A 24CHe i 29 B B P sk ik e, A
FLR B, CPP 1EL & N i 25 2 v vl I 35 39 I 4l K 4k
TEML b R BB Re 1" o B S B TR 7 2 JEK (trans-
activator of transcription, TAT) & 1ffi i 3R 2 5. 35 1% = Hf
TR\ il V6 77 i R IO R, 3 v v o P VR B, A RACHE K A
IR /N BRI R AR A7 Y. WL, CPP TR iE K 7 T2
FN B IE T AR E A 1. IRFUE (liposomes) 7E
2 BN o5 25 B R B AT S, TR G Hbs o
Jii B 1 H 22 CPPABM I T A 28 e i 351 AR U
ASCVIE B BRI 2 K25 OT (OT@LPs),
I DABH B 5 A 40 M I 27 3% 1 SR K —— )\ SR = R
(arginine octamer, R8) 1173 [HI & 117 & 35 4 1= IR ol A 3%
T LA, DARG S PR i FRU 5] g 5 2R T A7 F P S R VA
A P v AR P N B RN DL RE A L B s v B B (]
FH M) 3BT Y 48 B N i 36 B R 48 (OT@LPs-R8), X H
PEAGNE BT RALE, FEVIE VP A B NI R E T

MR 57

Zm5IF  OT (LilgFIrZ AL 256 R 2 w);
JIEL ] I B B R R IR (R IESE & AR HARA IR A #);
KV VE ST 21 A1 B Rk % 3 P 3% 30 It IV )12 B (cyanine 7
NHS ester, Cy7-NHS, 4l B > 95%, 1 2 5 #5 AE V) FH%
AR 2> ) A I I Tk I T £ B -2 2 £ 2000
(1,2-distearoyl-sn-glycero-3-phosphoethanolamine-N-
[methoxy(polyethylene glycol)-2000], DSPE-PEG2000).
A R I A W i I £ 8 - O 2 I 2000-- B K B R
fié# (1,2-distearoyl-sn-glycero-3-phosphoethanolamine-N-
[methoxy(polyethylene glycol)-2000]-maleimide, DSPE-
PEG2000-Mal) (_-#3 3 H 45 B2 2 BHEAT R 2 7)), IR
1R - )\ K &R (cysteine-arginine octamer, Cys-R8, 4fi
& > 98%, /R AEALH BR 2 7]); i JEHEBEAL G50 (P9 58

AR DU AE R IR A 7)), Hopth 773 A o 4t

U8 %R AL PR AL (Varian 400 MHz, 3 [® Palo
Alto A #]); Zetasizer JOGRL AN (R E /R A H]); 5
T BOBUM € 3 A (LC-20AT, H A& 5 34 B 2 ),
ZORBAX SB-C18 t&ifif+ [250 mm x 4.6 mm, 5 pm, %
FEAC BLEL (b ) A BR A ;3% 3 H 8% (FEI Tencnai
G2 F20 S-TWIN, 3 [& FEI & &)); i 1A 6 % g R 4
[IVIS Lumina S5, $14: Y /R 5 (L) HRAF].

SCIRENH S/ (ICR/MNRR) AT g3 v sk
B Eh A IR 3R A F, A% IES SCXK (¥7) 2017-0005,
NRZR T HORS255 58 SPF R sh Py rholy, s s
R B B R B SL SRH 50 00 T 30 ) S e A6 2 )
JE, Rl E B RS Yo 2 R A R 3T .

DSPE-PEG2000-R8 #1 £l ) & ik 5 R # it
DSPE-PEG2000-Mal ] & K i WV iz 5 Cys-R8 A i 2 fife
R 11 5 55 L4 3% B A i DSPE-PEG2000-R8.  HL 14
J5 ¥%:: K % Fx B DSPE-PEG2000-Mal 50 mg 1 Cys-R8
35 mg, LA 10 mL 25 & T /KIS R, iR T LARE ) B #1 2%
WA FE 6 ho ¥ R IV LA 2 B 1 /K& T 3 Kk GEMTEE
B 5> 71 500 Da) LARR 25 ) ik i & 11 Cys-R8,
VT EN1S DSPE-PEG2000-R8. ¥ DSPE-PEG2000-
Mal 1 & i 7% %) DSPE-PEG2000-R8 43 1] ¥ fift /£ T AX
S5, DURCRE FE PR A I F A W 360 =4

R8 &1 A48 5 & BE R & (OT@LPs-R8) HIHl &
DL [ 78 RV i) £ A0 35 UKV M 22 Ik OT 1 i Jo 4™,
At 2 B HUIH [ B 75 mg - 25 35 B % I 270 mg A1 DSPE-
PEG2000 30 mg, PA 10 mL 4/ ¥ 15 A HLAH ; & 255K
U OT 30 mg PA 2 mL WK% 0 8% 12 £h 22 # W (phos-
phate buffered saline, PBS, pH 5.6) Y& #1521 /K#H; K 7K
FHENA HLA A, BL SO WHRSK S 5 min /3 B F& 2 N
73 J2 B ALK (W/0) BUFLTR; T 40 °CoKify 4k Jig e
AR A WL, b 782 PBS (pH 5.6) ¥ 8 mL
T 60 °C/K & 40 min; LA 100 W #8 3L 8 7 5 min 47 %
hr; 3 R BE G50 &R AT E AT VEN BARR 20 B A4 ),
B4 5 R IRFRAE (OT@LPs).

H4 1 T A BT 45 Dy B 5 0 B IR 270 mg. DSPE-
PEG2000 24 mg fl DSPE-PEG2000-R8 6 mg, At 4t 7
M T ZRRRIA b, 546115 R]AB I 1) 48 5 2= 5 i i4
(OT@LPs-R8).

OT@LPs-R8 KT K 1 FT R AE

BAR A KRBT H— E AR OT@LPs M
OT@LPs-R8 AT, LA 2% B /K Wi B 220 e Tk 2 43 0l B
TR AT EL AL, T 25 °CTF BLISO KL EE A g H
i zeta HLAV .

&% B OT@LPs Al OT@LPs-R8 ¥4 i %
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100 pL, 7371 BA2% 8 5 K MBE 10 1% )3, W10 ul AR
J BRE i B TR, #8E 10 min J5 FH 8 400 2 4
EZREORES, IR TR, fEE S R TR N s
FRAIHRE.

WABEMAUE R K OT@LPs Al OT@LPs-R8 ¥4
05, KB — € B KR TR, OIS E T
0.22 pm A HLIE I U8, DA RO €0 1% 32 000 5E i
OT My & & o A3k Ky 220 nm, VR 3 #H: A #H A
0.13 mol-L"' NaH,PO,, B Al & #1453 %1 50% I £ i ¥
W, VL 1 mL-min”, OT [ £& B B [8] 4 9.58 min. 1%
TR 1B B Vg AR AR . 2 A3 (D) A () o
S I8 R AR B % 25 & (drug loading, DL) A6 %
(encapsulation efficiency, EE):

w
DL% = Wl x 100 (1)

0

W,
EE% = x 100 ©)

2
Horb, W N R BUAR e BT w9 IR A OT it
B W,ONAETT R OT Bk .
Table 1 Gradient of mobile phase for the analysis of oxytocin (OT).
A:0.13 mol-L" NaH,PO,; B: 50% Acetonitrile

Time/min A/% B/%
0 70 30
25 15 85
35 70 30
40 70 30

Pt SRR S A R 5 D 28~34 °C,
— MR 30 O L s iR B, & i R 58 pHL 6.3~6.7,
— MR pH 6.6 U B s BREE pHP o g T o Ak 5 4 4
FUpH 6.6 [ PBSIE A, T30 °CHHIE/KIA 8 h, T 0.2.4.6 Al
8 h HUFE A I F AL A% L 2 43 B &R 2L (polydispersity index,

PDI) Kt .
RSN RE RS 1
OT MAMRETBUREYE  DAIB AT 489238 S AR AN 2

FRfEo 4 OT EHVAMRAE 2B 17K DAl % OT i 5 24
(OT-S); 43 I HL OT@LPs.OT@LPs-R8 5 %% & [f] OT-S
%2 mL, “PAT 34, HCE T AL B L IRE AT 4 (R 23
& 3 500 Da) N, B i A pH 6.6 PBS 50 mL, T
30 °C/KHH 100 rmin " JEANRY, 75 FUE R ] 25 0.5 1
2.4.6.8 110 h & HURE 1 mL, [F]I b 78 25 A4 Fil #4 PBS
DARIFARFAE 2 o HCH FRRE i DA 1 BT Ik R0 AH 2% A
HERE, A OT ¥R B2, v IRt 254 BB Ot 42
Cy7 AN TR PE 4 50 png KV P %% B IR &
Cy7-NHS 4 30 mg OT — Al % fi# T~ 2 mL {X#% PBS 15
B KA, 1% B8 AT A 1 1) 4 T2, #]4 Cy7 ARiC i OT fig

JifA (Cy7-OT@LPs #1 Cy7-OT@LPs-R8).

PLIZE AT 583578 52 Cy7 MR ot A4 A RS TR 1 DAAIE
Cy7 ¥ ic [ Jig 5 4 it FH 21/ SRR B, 98615 5 1
558 55 X AL B AT AR OT. 4 OT Al Cy7-NHS H 32 1% fif
1E 2 & 1K Ll 4 OT Ui 5 25 (Cy7-OT-S); 43 7 L
Cy7-OT@LPs.Cy7-OT@LPs-R8 ¢ 255 [ OT-S £ 2 mL,
AT 3, B T e A A AT (BB S T E
3 500 Da) I, AT i A pH 6.6 PBS 50 mL, T 30 °C
K B 26 4E TR 100 r-min IR AR 3, 76 TUE
6] £50.5.1.2.4.6.8 A1 10 h &% HUKE 1 mL, [A] I b 78 45
AR H PBS DARFFARFAE 5 o DL O T
WOR WA 750 nm, &S K 773 nm T I RE SR A
Cy7 (565 5 I IE, 4] Cy7 Bsi i 2k .

A GraphPad Prism # 73 # OT 1 Cy7 A [7] il
TR RS TRV R AR SR

OT@LPs-R8 H st 8 [t 40 5 30

SR RIEE MY ICR/NRBENL /v S A,
A3 A H1HPNREBE TAIEIEK, 28 KR
B IEE T 1% T Zh EE B L9 (sodium dodecyl sulfate,
SDS) ¥ ; HoAx 3 /N 4 9 45 T OT-S.OT@LPs Al
OT@LPs-R8. # HIZLAZj 2k, BA 4L 10 pL, ELL
TR BJE—IRG Y24 hE R AU/, B b R AN
JEL ) 8 R B B N B S I SRR AR L 4%

RHEEE E, V) LY, 7R -4 (HE) G,
6 WM P IERIEA

B R IRHTIR 7V % Cy7 FRid i %4
JEBAA . ICR/INERBEML 7 3 4, 73 25 T4 [F) S5 R
Cy7 i) Cy7-OT-S. Cy7-OT@LPs 1 Cy7-OT@LPs-R8,
BEEH 3 W, WA 8% /KA B BRI, A S LA 2
10 puLo 7 SIELA 255 0.1.2.4.6 F1 8 h LT £1 415
TR AR AT 3R K 750 nm, B SR 773 nm R 4E
RNAE T IFHAT - E =T,

AN ICR/NREENL 53 A, 735l 4 T [R5
W Cy T Cy7-OT-S.Cy7-OT@LPs A1 Cy7-OT@LPs-R8,
A3 A, 52520 uL, A EFL10 pL. =S4 252 h
Je, ReFE/NER, WCEECr s B P il R G A5 EE T A
SR, WOER B AL ZARE i F AR 20 90 58 S8 A AR AR
EUOLE S IFHIT e ' T .

ST FOM LR EE DI ME + dR i = ROR,
LA GraphPad Prism8.0 % {1 5% ] ¢ 46136 73 Hr HE A0 % 2 %K
i, P<0.05 B INABRA Gt %8 L

FER5T
1 DSPE-PEG2000-R8 # I H& R 5 FRAE
J% N %) DSPE-PEG2000-Mal F % & 7% %) DSPE-



B CHESS: 2400 257 R IR A A0 FO 47 30 R A 10 ) B 20 58 N T EFY S8 7 P AT 7 © 503 -

PEG2000-R8 ] "H-NMR i a0 & 1 fros . LB fh
W B & B AT L, DSPE-PEG2000-Mal &% () 5
S Tk . iz i [ () 45 i 0 (0 7) £E DSPE-PEG2000-RS8 ]
BB EANAEAE . 45 3K B, DSPE-PEG2000-Mal I [
T SR B P % 5 A RN Cys-R8 b [R5 58 e b7 58 4, il Ih 15
£ 7 R8BI Ty REAL A4 KL DSPE-PEG2000-RS

—— DSPE-PEG2000-Mal
—— DSPE-PEG2000-R8

| I}LIJLA
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Figure 1 NMR spectrum of 1,2-distearoyl-sn-glycero-3-phospho-
ethanolamine-N-[methoxy(polyethylene glycol)-2000]-maleimide
(DSPE-PEG2000-Mal) and 1,2-distearoyl-sn-glycero-3-phosphoeth-
anolamine-N-[methoxy(polyethylene glycol)-2000]-maleimide-ar-
ginine octamer (DSPE-PEG2000-R8)

2 OT@LPs-R8 HIIB{L M4 R

21 REDHEEREENMN LLIALHEHEN E R
JER A BRI AR A3 AT RS 5, P 2 13 2 BT, OT@LPs f
FiAL 53 A (E 98 nm /e 47, K[ £ AL OT@LPs-R8 1
FIAR AP A AE 110 nm /e A7, R AL FE+18.4 mV. £
R8&1iJa OT Mg i AR b4 R LA K, (H FLAT S5t 35 4 v,
F O RS BRINEHAAE i T AR T

A
121 or@Lps
=10 Size: 98.47 nm
3 o PDL: 0.205
QL
(=%
%6
g,
2
= 2
0+
0.1 100 1000 10000
Slze/ nm
B
2
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% 10 Size: 110.2 nm
2 8 PDI: 0.188
Q
o
26
@
g ¢
= 2
0+
0.1 1000 10000
Slze/ nm

Figure 2 Particle size distribution of oxytocin loaded liposomes
(OT@LPs, A) and arginine octamer (R8) modified oxytocin loaded
liposomes (OT@LPs-R8, B). PDI: Polydispersity index

Table 2 Physicochemical properties of OT@LPs and OT@LPs-R8.
n =3, x+s. EE: Encapsulation efficiency; DL: Drug loading

Physicochemical property OT@LPs OT@LPs-R8
Size/nm 98.47 £ 6.4 110.2+7.3
PDI 0.205 0.188
Zeta-potential/mV 38+1.3 18.4+2.1
EE/% 61.23£1.93 62.17 +1.88
DL/% 5.77+0.57 5.85+0.72

22 FEAEFE EHBsE (K3) R, OT@LPs f
OT@LPs-R8 2 BRI BLRERTE, 1 FIEMT, A RIFHIR
A . BE AR 24 7E 90~120 nm, K/NJE], 7
BPE R AT

200 nm 200 nm

Figure 3 Transmission electron microscopic images of OT@LPs
(A) and OT@LPs-R8 (B)

23 BHEMEHEF WR2 PR, & RSB E IR
N Fsp RS B i B Y A A ES R 2R =S DN
T 5%, BERLKT 60%.
24 FREM  HE 4T, AR5 7R E i R 8
8 hJ& HoRiAE 55 40 35 22 1 o W AR Ak, i B o] 5 1 T o
PRTE B0l PR 5 N Fa e, TG I R R AE A BRI I, M Jig 4k
B GYBEE T e HE A
2.5 ROMRERUEME DUENTIREH S OT N W44 1 44
ANRE AT 9, 8 I AL I o B B s, A9 R Al 42
(1 5A). OT-SHMEMREITHN, | hjG R E
W3 100%, FE 24 33 &k B 17 R BT 48 44 OT@LPs Al
OT@LPs-R8 % JSUH FE 818, BRI 6 h G B2 &
FLIT100% . 530 B i WA B, AL 7R G AR i 24
YR TR (] BH R AE K, 2% BH IR A4 TT BE LA 2 R
BB, NS ES I T . A, OT@LPs Al
OT@LPs-R8 [f18E 25 K PEFHALL, X6 BY T J5 WK o
Eb# R8AZ XS 2 33 1) 48 S NG A% P9 43 AT TR 520
DLIZE BT 48355 82 Cy7 MG oA 4 IR RE TR 18, 45
FuESBHiR. ILLOT () BFURE R AL R, LA
[ IS 1) 1 Cy 7 1) 52 BRURE TR 9N AL A 3 T 1 T & AH
KA, W 5C s, Cy7 ) SRRV GE 5 A I ] 55 O T
() B AR i R 2 I AR 0%, HLAH G R KT 0.9,
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Figure 4 Stability of liposomes. A: OT@LPs; B: OT@LPs-R8. n=3,x+s
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Figure 5 [In vitro release behavior of liposomes. A: Cumulative release of OT; B:

Release of OT / %

Release of OT / %

Cumulative release of Cy7; C: Correlation analysis

between cumulative release of OT and cumulative release of Cy7 from various liposomes. n=3,x + s

KW LL Cy7 b ic 1 I o7 44 it FH /08 SRR IR, 3525
55 5k 55 S A B mT DIARER OT 75/ UM 4 1 2 /b K
(A=
3 OT@LPs-R8 HIfxEE )14
3.0 BREBEREMY SRR R BAR Y,
TX BB R 4 — R 4B 5, AR B DA — 20 K
VR HE RS, HA BT FHBS A ER IR .
KBRS 12 R HE ) v 45 R 1] 6 Fia, B 6A
AR ER K B 0 B AL, B 2 T AR B AR KR, S
R EBHH S, W AR T BHiFE. KB
N 1% SDS BH P R AU, B 2 8 58 B A O, 1
Fe AR BB VO P B, R AR A, R IE AR K. 5
PEFIBHPEXT AR L, OT-S (K1 6C).OT@LPs (&l 6D) Al
OT@LPs-R8 (& 6E) 3 A & 2 4F BAE R b & LT
SERE, WA BRI, A B SHE T R, 1
B 245 400 1) U 5 Y YL T T AR AR R 22 4 ko B 8 B I
B4, v TG 85t o
32 BEWHEM B7 LR ERESZEAEE
IVIS A8 1 58 Yook i . JBid Lt 254 (0T-S) 5

JIE T A2 (OT@LPs\OT@LPs-R8), lig Jii #4751 L 7E 4 fizs
Hh B AR AR 2 B K. OT-S 7E & b 1 h 5 k5
FEBRFE, 45256 hJ5 A A H &, B is i B 2 X
5.43%, IX T] RE & Vi B 25 A SE AR S B R A R
TEERIILEER AR, 5 OT@LPs L, 22 R &1
JE I RE AR OT@LPs-R8 7E45 24 8 h Ja A5 e ik (1 ¢ s,
B P i SR A B A 31.85%, R OT@LPs-R8 7
B v B R ) B KGN SRR R PH 2 2 2
JIK, 28 R A& J5 i 35 32 /& 1 I o Ak 1) 22 ThI LA, 1 i
T 5 BRI R AR R AR R I
P, A7 20 K S s P B )

33 AN H  BE4 T CyT-OT-S.Cy7-OT@LPs il
Cy7-OT@LPs-R8 2 h J5 B 44 I 4% 1) 2 56 3 A 45 2
8 AR, S BRIV A 5Ok, XIR AT B2
LT A A IR AT J 40 EE A I B U I T £ el el
5 s 8 WP R T 30 N T 50 A 0 T L B RO i
(OT-S) W12 655 T AR i /A 41 (OT@LPs.OT@LPs-R8),
XTTRE SR DK i 2 4 B 4 2 S TE AR IR WAL, AR
AR I R854 . 5 OT@LPs A L, OT@LPs-R8 £ fili L AT



B CHESS: 2400 257 R IR A A0 FO 47 30 R A 10 ) B 20 58 N T EFY S8 7 P AT 7 © 505 -

Figure 6 Evaluation of nasal mucosal irritation. HE stained histology section of nasal cavity mucosal. A: Normal saline; B: 1% Sodium
dodecyl sulfate solution; C: Oxytocin solution (OT-S); D: OT@LPs; E: OT@LPs-R8
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Figure 7 Retention of liposomes in nasal. A: Whole animal near-infrared fluorescence imaging after nasal administration; B:

Ak

Semi-quantitative data of fluorescence intensity after nasal administration. n =3, X £ s. "P<0.05,"P<0.01,"P<0.001, ""P<0.000 1
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Figure 8 [n vivo distribution of liposome: fluorescence imaging of isolated organs after 2 hours nasal administration
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JIEE AV JEE PR 2% D' A5 5 B o, 3K T RE S oh T 20 4 M 7 A
JIRAE 4 J R i 1 B 285 O v g AR PR 92 A W i o 7 8 B
1% AL A 24 BLIVIS BEAT &5 K iR, i it A4 L A5 Jii A
(1) 5% e ot 5 B 5 v 37 25 OT, Hor, LLOT@LPs-R8 1)
96 R L fo e, HL I P AR S 9Ol R 2 i S OT 4
(K110 15 (3 3), 1l B 40 % B8k PR A2 1 38 1 250 45
i P9 )

Table 3 Relative fluorescence intensity in brain after 2 hours nasal

administration. n =3, x+s. P <0.001 vs OT-S group

Formulation  Relative fluorescence intensity Multiple
OT-S 9.53x10% £ 5.44x107 Setas 1
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