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Study on the Application of Flexible Nano-Liposomes in the Construction of Pulmonary Targeted Drug
Delivery System

LI Xing', LYU Haifeng®, YING Miaofa', ZHAO Yingzheng®, XU Yanyan®, ZHAO Rui'(1.Department of Pharmacy,
Sir Run Run Shaw Hospital of Xiasha Campus, Hangzhou 310018, China; 2.School of Pharmacy, Hangzhou Medical College,
Hangzhou 310053, China; 3.School of Pharmacy, Wenzhou Medical University, Wenzhou 325035, China; 4.Department of
Pharmacy, Lishui Central Hospital, Lishui 323000, China)

ABSTRACT: OBJECTIVE To study on the effectiveness and safety of the colloid-core flexible nano-liposomes (FNLs)
mediated protein drugs by pulmonary drug delivery. METHODS FNLs were prepared by the injection method combined with
emulsion technology, physiochemical properties of FNLs were detected by the method of preparation. Intratracheal instillation of
insulin-FNLs was performed to evaluated hypoglycemic effect. FITC administered in accordance with the intratracheal
instillation into the lungs, to estimate the FITC-FNLs deposition ratio. Histological changes in the lung were also observed to
evaluate the safety of FNLs by hematoxylin and eosin. RESULTS FNLs showed satisfied elliptic morphology, with average
particle size (153+£0.94)nm, Zeta potential —(20.9+0.21)mV. FNLs promoted insulin pulmonary absorption effectively and
showed good relative pharmacological bioavailability, to achieve a significant hypoglycemic effect, the minimum reductions of
the blood glucose concentration reached (18.25+4.19)%; FNLs could be increased drug deposition in the lungs to promote drug
into the systemic circulation, and better tolerance in the lungs. CONCLUSION FNLs as pulmonary drug delivery system, can
be overcome intrapulmonary absorption barrier by the pulmonary administration of protein drugs, increased bioavailability, lay
the foundation for development of pulmonary drug delivery system.

KEY WORDS: flexible nano-liposomes; insulin; pulmonary administration
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FEAR A, HAE AR N E AR
LY RGMNEAR, HOKE I SR R MEZE 25 80450 5%
IKYEZG YL 3 22K, 3k DA ik AR 25 1)
fili s ¢ 24 AR U

ARSI 25 G il B 25 25 (0 AR BRI R A, I8
H EGIHTH W/W AL 25 H R F 2 FNLs fififB2s
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i FLPEA FNLs Jfifl4s 245 R G 24tk , JFR H 7=
i TR ¢ ' 3 5 %% FNLs (£l i) 70 A 15 00, [F]
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TR AR A ) FRARK IR
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TSI 188(3EE Sigma A F])s D,L-H il (E
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1.3 s

B JE o & AT iR F2 W AE (48 [ Eppendorf) ;
BS110S 2 o175 A K1 (A6 50 38 2 R 3 R ~F A FR
2Aw]); Eclipse Ti BUH B %O BAE(H 4 Nikon
~Fl); TGl6-WS & R E L HL( R A AR
ABRAF); H-9500 33 5 i1 B A (g g sk
WA R A ) S3500 6 ki FE o AT A (3£
Microtrac A m]); Zeta AL BT AL (AL AR 7 186 4
R BR AR CL-2 1850 HRE 1 3 FE 3% ()
RS IRA AR A IR AR s ALl T 1
ZEEHN T 8 4%); TD-4252 {4 B A g (b
[ 475 HMD BioMedical Inc); % I REMS 48 10 & 41
AR LB RO AER ) ).
2 Hk
2.1 il A TN Tk

IS FIVE NVESS & WIW LA E A $1) 4% FNLsD:
¥ 3.5 mL VLI 188 T RZRISE N B TEEK
WAL S PE 2% E(40°C, 1000 r-min')4 mL &
25 (MBI, FFEEBERE 3 min J5, N 0.5 mL
10%(1) D,L-H B 4RS84 15 min JEEA
TEMR GG MR A 2 mL, K
$£ 20 min, B3 2B 2591 FNLs &, A5
T . FNLs IR 2R H & F2 7 B, RIHAE 2
W . B L vk S B R ER RN
FNLs.
2.2 #Zj FNLs HI3E
2.2.1 FNLs HJRMEEFAE 36 & 15 20
FNLs B2 7 3 H 28K 10 £, BT
LRI, 5E S 3% ARt e, FHIE4CR
REZRMGEWE, TEEN B TSR TS,
2.2.2 FNLs HJRLZR A« Zeta FEA B 5801 AR il
SE - FBOCKIEE S T AR Zeta HLAT 43 BT A 43 7303000
5E FNLs [RL12 K /N Zeta HLAZ. 7 B & FNLs
FE SR M FLIEE(FLAR 50 nm, 4bE 2.5 bar), H
WO KL BE 23 A A 5 I 3 S N R AR R IR
B, HUURARIFEIERE: D=IX /)’ H
D RN FARR MR EL n AR RN, 7,
it BERT ARIAR, J 9 5 min JEE RITEBUARR .
223 BHEHERNME RN R &
P —AEESRFR, HERRW T OF% EIE
25(%) FNLs JE 2 1.0 mL T EP &, A 1 mL
PR R G AR 5 4, 2 WU S Mok, B0
(10 000 r'min~")10 min, H{_F/Z2iE, ED A%
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NGB OFEEREZN FNLs IR &M 1.0 mL
T EP &, B.0(10 000 rrmin )10 min, HX bJE
TEW RIS M2 E . S Z a0 S A
ZinEa, A IR A SRR AR AR (%)=(Z
MBN B E-TERAY R/ AN LS E)X
100%.
2.3 JHEE FNLs(insulin-FNLs) 2 fili 45 45 24 [ A%
W FR 975 A BRI P A 9

AR AT SD KB, 7ESEIR AT 28 A4t
K 12 h, AFEGFIR. FIE A F LG 252 0 285
SRR 1. REWMENEREDER: HKE AR
350 mg-kg ' BEAT MR SRR, KK R A BNz
ETKPEFARR b, IR EEAE KR T 97,
KEAT WP, H sy R i Bk, H
FARTIRIFF L RN IEE, HBEE» 5 B SE,
THPH T M FELREL L em, A 24G EEE %
P AR NTES, WHFRE, mAE AN
ITEARMPHZER. # e & KRR EE 90°
ME . R M R A T HL A B 45 25 T R
(600 pL-kg™"), PUEHEELZ, 5 EHEANSER
TR WHEEE, 600, FHEEAETNE
BRIREE AR, (2GR S IR T X . A
AMNEEFEY) 2~3 min, ZJ5 ¥ KRN AN A
o SR ABEASCIN 7 V200 5 AN [ B [ 5P A4
FRARER 7 Ho MopEmIR A i e A B A 5 & 11
oy 0 25 i F 1 I A TR I S U B A DT VR AT
e MK BB B S i Bk E I, A7 P 2 2
B AR A S 45 245 BT (0 h) IMUBEAE K 25 24 J5 A [R] Bief
| A k0.5, 1, 1.5, 2, 2.5, 3, 4, 5, 7, 10 Al
12 h) RS , SR 5 2 ISk or 0, s gs
AR S RS A 25T R

R OKRARFH R L 4 (n=T7)

Tab. 1 Grouping of hypoglycemic effect experiment in
rats(n=7)
43 25 FH/U kg™ YA
insulin-FNLs 2 T )
FNLs 0 A2
PBS(pH 7.4) 0 RS Y
i 8 T (U ) 2 TSP
e B F VRO TS 1 BN

2.4 JiiEBEs 2 Ak B FEE T
S EIR KOG R (FITC) 2 B2 2212 W 254, REAN
BMPUREAL S, SEENTENERE —E
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PURSE G IR, RS R A A
S5, FITC 2088 389.4, i KIRIOEIE K
N 490~495 nm, KKK 520~530 nm,
SIS G 6. A TPl FNLs &fififkia
BEN ARG BR JE 2590 7E R DAL B,
FITC-FNLs #%f8SE W 45 2577 SN N iie
T S Ro 3l T4 255 AR A RE©O.5, 1.5,
3, 6, 12 h)IEBIBKEUNL IR R YIER, HEL
Th e i 4 205 A3 S A3 W 52 25 W 11 93 A 17 100
IAE A FE A 3R . SR B 3 mL, 3 000 r-min”'
20 15 min, 2 E1FME, B 0.5mL &H. # Lk
R 0.5 mL MEMA 5 mL AEE/KF, KH
ELIASA 5 58 L3 1) 5% a0 5 o K 43 B9 1) i ot
FAEE 5 mL A HEh K B A K E N
3000 rmin”', B0 15 min, 4855 TR EiE W
(1175% S R 5% ] ELIASA (R K 500 nm, &
S 520 nm)llsE , ARSE Ml 6T, THE
S YARIC I FNLs fili 4 R L 25,
2.5 HLURHEZF A

V26 24 20 S0 K SR AT I s B kst , - T 9
M, RS F 10% 0P AR 2K T MR i 24T
VEWR, ArEAi, Bl 10% PEAR R T AR RCK L
SE 72 he SRERRERMAME . J5HH ks
A, BHEMBAK. EBW. R, B8, HiEY)
Fro AR R (HE) e,
2.6 HitETiik

KA SPSS 11.0 Gt vh B AT QAT 43 7 o« Hidhs LA
X tsEow, HEEEBCRHEX ¢ 5%, P<0.05 A
ERB R L.
3 %R
3.1 insulin-FNLs fill 71 54 ) 45 5

BEHENIESE & WIW FUALBOAR ) 4575 31
insulin-FNLs il I N 73— i sh P i i A
RE, T EIR . B iE 5 o s W H AT
A, WL CUBAMACAAZ O ) FNLs LR 3, 40 i
w5, RFEESAMEBEMHEE, TRENSR,
25 B LB 1. insulin-FNLs Y5 £ 90006 B 213 Bk B
R 25 FE 3R B~ R A% N (153 +0.94)nm,  Zeta HE
FLN=(20.9£021)mV, F#HEE>40, I FE>60%.
IR 45 AR M) FNLs TR R B, R/, Bk
UF . Bk, AT RAH Tl A A ) 45 2 RGN
.
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Fig. 1 The character of GNL

A-image of transmission electron microscope; B—image of particle size
distribution; C—image of Zeta potential.
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Byt i 258 5 DNS TSI T BE2
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AUC HFEFRRVE 5 2H I 5 2 1) 77 45 24 o A KRR
PR I 2B AR T A= 0 F B (relative pharmacological
bioavailability, PBA), 4% L% 2.
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TR ZES, RIAGE AL 0 5 i B o 2 ) . 78
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MBEME, 516 I G (%) Ji BR AT RE 2 AR P4 o A
e 24 )5, Bl R 2 B e R,
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R, SRR R PR S R S EEUK, T~
AR PR R . 4525 1 h LU, Fh s i g 8 T
. fE4525 10 h 5, @ REHREL AR
MBS R R 5 45 24 6 LR R s R AR AL . B
T RBALKG RIS 12 h, #OmHLYIE fREE
BA%. SEIHEIT 12 h DUE, #5400 PRI KX R AT
G6 IR AR B R o R T AR S M B 3% 9o 3 2H K B
Y JE AR PR ILE, 525250 5, SR
2 LT LA R (18.25+4.19)%, AR ML KE T b5
B 73 bl B S Tl 45 24 77 2N(P<0.05), s a4
S5 AR AR S AR RE AP, B0 SRR R N
%, AW E, SEFRE R
et itigh, 25 25570 5 75 TR A

UG AE R, insulin-FNLs &S & MiEss
250.5h Jarma, FRA T PR K A R R
TEFH . #5245 a)- s i 28 WL 2, sias KR AE
SRS 25 JE IO RT 4 h IUBHE ] BRI, 42
J5 4 h ISR AR IMBEE 43 bE,  insulin-FNLs 204
(32.54%5.35)%. insulin-FNLs 21 B AH % 4= 4]
FEIE BT 76.44%(HHX T [ FiEd 46 20), HES
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Fig. 2 Percentage reduction in blood glucose level in
diabetic rats after administration
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Tab.2 Pharmacodynamic parameters following intrapul-
monary administration of insulin preparations

e BARMUEE  ERACIHE AR A4

s ,
MERLE WA G R FRERE N R
insulin-FNLs 2 32.54+5.35 4 76.447
P FNLs 0  65.93+3.95 10 37.93
PBS(pH7.4) 2  64.12+4.30 10 38.42
JiR ) TR 2 65.02+3.92 10 38.01
KRS R REW 1 18.25+4.19 2.5 Hfig 10092

#: 5 insulin-FNLs bz, VP<0.05; 588 £ WO R i,
?P<0.05.

Note: Compared with insulin-FNLs, "P<0.05; compared with insulin
(intratracheal instillation), 2p<0.05.

3.3 MGG 2 )G AE T A I Ak BT AR

FITC JE /KPR DR, ) Z A T7F
WEh WA N A DR BB VERE, PRSP S IR A 1)
PO A1 P % 40 P P A PR 2500 A sz )
FH FITC 55 4h ik K e R 56 I B G R MR AIE 25
22 iili P9 45 24 Ji5 TRl PN 1R 23 A S LIRSk 7, il Y
WA 205 3 h ZHRAEI N A5 LK 3. 7RIS
HOR I FITC T8 KBRS il i 1 43 A o 8 BAd, T
RE & RN B IR GG i 45 2R E AN R, B EHTE
S IR AN R 38 BRI 25 25 7 B A 2 A K B A
SWMEERFHEZHRFEN. BE, BRS
ZjJ5 FITC TEMiiH 5 Ifig H v b 26 o0 & L K
4, W[ W, FITC 7£ fifi v 5 3 o B DT ARAEL IR A2 /)N
2 B 2454 W N IR N TR A6 34, il 9 FITC
BEI ARG R . [FES, A 4 7 DU H & I [R] A
T FITC-FNLs {Eifi oh 5 IfiL 35 5 (BT E R T F 4l
WAL, W] FITC-FNLs 2 fifi #4525 A g K
2 il P TR B D, kD 2 RS PR
TEK DA A )3

il TE T 52 ' S 44 Pl
&3 mm%Wﬁ&AHKWMJAﬁFWWﬁtE@
Fig. 3 Photograph of the change of fluorescence in rat lung

HIHE e AR

p ‘%

oS {K; »{;‘ :
REHIRTIEH KRB L

Bl 5 JliZl 4 HE 3o 45 £ (400 X)
Fig. 5 HE staining results of lung tissue(400x)
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Fig. 4 The ratio of FITC deposited in lung and in serum
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B A ) 70 R X T it 0 ) A 2 1 A B g 1
TR AV IR ik — P55,
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