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HWE: BRY H & THEABIKAZE /B F (recombinant human ciliary neurotrophic factor, thCNTF)f§ /&, # % thCNTF
FiEm RS, Ak KA EBA F %4 & thCNTF fgfitk, n2 &3t %, 4% A thCNTF J&i#& . thCNTF fig it %
4 22 3R B FHBRiES Balb/C MR, 0, 2, 6, 12, 24 h G0/ RE4LR F rthCNTF 4%, 4R #4749 thCNTF 5 4
AR, T35 H %A 85.0 nm, L3 F % 93.14%, 8 ELISA %M % /) KK LLLR T thCNTF #94-% ,thCNTF /R & 2142 thCNTF
RN R E £ 7., 518 #1449 rhCNTF A5 4k 4632 & rhCNTF 5 Ao i B 6948 7, 4 thCNTFE #53t — % & A fo
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Preparation and Evaluation of Liposome-encapsulated Recombinant Human Ciliary Neurotrophic
Factor

GAO Jiankun', FAN Kai**, HOU Zaijin', ZHANG Bingbing’, YANG Li*>, HU Chunlan’(1.Sichuan College of
Traditional Chinese Medicine, Mianyang 621000, China; 2.Chongging University of Technology, Chongging 400050, China;
3.Chongging Fagen Biomedical Inc., Chongging 400041, China; 4.Bioengineering College of Chongging University, Chongging
400044, China)

ABSTRACT: OBJECTIVE To enhance the penetration ability to cross the blood-brain barrier efficiently of recombinant
human ciliary reurotrophic factor (rhCNTF) by encapsulated into liposome. METHODS rhCNTF liposomes were prepared by
thin film dispersion-sonication method. Encapsulation efficiency was detected by HPLC. Mice were killed 0, 2, 6, 12 and 24 h
after i.v. administration of ThCNTF solution, thCNTF liposomes or saline, and then the content of thCNTF in brain tissues was
analyzed by ELISA. RESULTS rhCNTF liposomes were regular in its morphology with a mean diameter of 85.0 nm. The
entrapment efficiency of thCNTF was 93.14%. thCNTF in mice brain tissue were different between thCNTF solution group and
rhCNTF liposomes group. CONCLUSION  Liposome-encapsulated thCNTF could efficiently cross the blood brain barrier,
which provides a basis for further application and research of rhCNTE.

KEY WORDS: ciliary neurotrophic factor; liposomes; blood brain barrier

IR 2878 77 [A] 1 (ciliary neurotrophic factor,
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PRI IREIR 7% 40 48 TG A7 8 IR A FH I T 4 R s 1) A K
AR A4 PRI, CNTF A
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Uiy A 15 N EIERR, [RIBPKE 17 £ Cys 58748 0 Ala,
63 i Gln 587480 Arg (W4 N BDIR W £88 77 K 1
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1.1 MPRFI S

thCNTF 5 (F p< s E AP 24 28 w455
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Human CNTF ELISA A& (35 R&D Systems
Inc., b5 : KX0016B); HLME [ VY B #2815
FAR(GMI, FERE AL A ) MEEE.
NEWE £ 15 % (DSPE, 3% [F Sigma A ). {8 5 Balb/C
N[ 8 AR, AEQ5+2.0)g, ERERKY,
LI FPIEARIES . SYXK(1)2002007]

JYD-650 4 HE 8 75 ik 40 Mok L Bl = A
ERAPRA ) 85A WeRE 7 RAL (LML HL
J7); EF-C5 49K R BHLONE K AVESTIN);
LC-2010 = 20 AH i A (H A Byt s Zetasizer
3000 ORI e A (D€ E 7K 30); CP100MX
A S OHL(H A H AL,

1.2 thCNTF g JioA ) il %

K52 FRE 250 mg GM1. 500 mg DSPE F1fH [
i 1000 mg % T 50 mL & 45-H B2 (7  3) Pl
FU, TR, D R 28 R, B AR 2t
Bk A MU A, I thCNTF 1) 10 mmol-L™'
pH 7.4 BEIR £ 2% M i (phosphate buffer, PB)VLHH,
1E 37 CKBHAKE 2 h, HIFHKIERER, e
PR (D 50 W, #i5 Ss, [IB% 4s, #7525
R, B E B 2R (U FLAE 100, 200 nm), 3K
#3 rhCNTF JIg it 14
1.3 rhCNTF Jlg A0 ds 2 (1 5

5. Oi%HE: LiChrospher Cig(250 mm X
4 mm, 5pum), A A N 0.1% 35 LR (TFA),
WMEIAH B H: 0.1%TFA+70%Z M. 26 HshAH A
AT, FEHTREIA B A 5%~95%F6 VL .
BFfE]: 30 min, Ji: 1 mL-min', Ky K
280 nm, FEifd: 30 °C, HEAfE: 20 L.

1 10 mmol-L™" pH 7.4 PB [ 1 mg-mL™" (¥
thCNTF i % 1, K% m U s odE &, HiRs)
A BRI B A 10, 20, 50, 100, 250,
500, 750, 1000 pg'mL ™' thCNTF ¥, 7 BIHEFE
20 pL HPLC Mg WA, DL TRIAR Y % T F oK 5
X AELRAERDA, e W AR 5 i IR B R DG &R
¥ thCNTF fIEJRAAE T 1 mL XGEK, FERRE 10 4%
J&, 100 000 rmin~" B0 2 h, PRSI & B0
WUl a 10 mL s, HFEMIL, JEH
M A ERZBZE, #5), HPLC Mk, M
P BG Lo PTIE AT B TR, 58 thCNTF W JE f&
i, WU P AR E AR,

woo, 1 L ThCNTF S &
O = - CNTFR A B

x100 %

ob [EBAC N FH 24527 2011 4F 2 H 55 28 4555 2 W)

1.5 ELISA {ll%€ thCNTF &5 hr e ih 25

HJ 10 mmol-L™" pH 7.4 PB il 1 pgrmL™"
thCNTF f## 2, Wi s 2 &, H
Human CNTF ELISA {5l &0 5 4 B 0 FE R
10, 20, 50, 100, 250, 500, 750, 1000 ng'mL"
WA, N AR AR EAT I 5E , [ B B Human
CNTF ELISA 5 GFF i MR IR 25 0]
450 nm W€ OD {5, R4 OD {EAIFE Wk ERG
H bR AE i 2k o
1.6 FEEFERK

HPLC 52 thCNTF KRGS K2 mL
thCNTF #5136, s A Foke ok
% 100, 250, 500 pgmL ™ W T-1d A1
WE R HERE 5 9K, HEFER 20 ul, A HAWARTH A

ELISA I thCNTF & & RG% R : K% 2
thCNTF fif % 2 #& &, H Human CNTF ELISA
WA GRE SRR R 100, 250, 500 ng'mL™
Wille T 1Ld A1 N EENE 5 K, tHEHANA
H 5] 4 2% % .
1.7 rhCNTF $2 A =

b5 18 H Balb/C /N, BN PBS 5k
34 U BN BRI 43k 6 4, 43 )k 25 F +1 mL
Human CNTF ELISA {5 & AF AR 5
+1 mL 100 ng'mL™" thCNTF; %[Hfi+1 mL 150
ngmL™ thCNTF; %5 (4 i+l mL 200 ng-mL™'
rhCNTF; %5 [{Jiki+1 mL 250 ng'mL™' thCNTF; %%
Fi+1 mL 300 ng'mL™" rhCNTF, #4755 )5,
10 000 r-min”" 5.0 10 min B35 #8¢ J5 A Human
CNTF ELISA iR 7G5 OD {H, H4 brvi th 2k Jy
e ATz
1.8 rhCNTF JIig J5t 4 2k A fivi 20 23 i

¥ 78 H Balb/C /M, 4+ A, B, C, D 4
. A A 424 JUNRRSIKES 5 mgkg!
rhCNTF J5 (10 mmol-L™" PB pH7.4), B 4124
NERBE KIS 5 mgkg™' thCNTF JIE5ifk, C 41
24 HUNEUR# KT S 1.5 mgkg ™' thCNTF JI§ Fifk,
D 2 6 H/ R F IS FAAR A B E K. 2, 6,
12, 24 h Jabstss A/ 6 2, BUKHH PBS ¥
e 3~4 W, A RBR I KR T IAE, 4215)
28532 )5 F1 0.5 mL Human CNTF ELISA X7 &
B SRR IOKE 20 32 WA VR, B0 10 000 r-min
10 min B F3% 7 /] Human CNTF ELISA &7 & Af
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A~ EL

> Zo
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TS
1 thCNTF Jig Ju A il £ 4 A1 S BEAR A it
KAWL F A E T I, B D% 50 W,
[ BRI TR] 4 s, RIS TE] 5 s B0 A UREL 25 YIS
thCNTF G BRI LF, RIEE A s), i
FasE . VETHAN Y X TR X AEL R, [BH
JIREA: Y=12 244X+22 423(r=0.999 9), F£HI{E
10~1 000 pg P& ¢ &R R I o i #4321 thCNTF
f8 AR AL % 93.14+3.21(n=5), thCNTF fli
ARkl 20~200 nm, 3AEIAT, CPRIAE N
85nm, WK 1.

NN g

FAr /%

w
t

— Lk Il |
trerT T

Il
5 10 50100 500

Hif%/nm

1 rhCNTF fig it AL 42 A A/
Fig 1 Diameter size distribution(intensity) of liposome-
encapsulated thCNTF

2.2 ELISA & rhCNTF & & brifi th £k

ELISA Wl 3& rhCNTF & &= brifEdhdeh: Y=
66.011X-1.665 8(Y A&, X J OD 1H), r=0.999 9,
£ePEVEFE 2 10~1 000 ng'mL "

2.3 rhCNTF $EH =] i

1E 5 MNRIEKFME T rhCNTF FHEUR
x, W 1,
%1 thCNTF 72/ B % 2 £ v 8 42 BUE 0 2 (450 nm)

Tab 1 The efficiency of recovery of thCNTF from mice
brain tissue(450 nm)

i H/ng B /% RSD/%
100 68.5 2.63
150 60.7 3.75
200 66.6 1.69
250 65.6 1.72
300 63.4 0.91

2.4 R R

HPLC il 7 thCNTF #& FE 1) 1 A AT )RS 25
WL 2. ELISA ¥l %E thCNTF & & (1) H A R0 H [a)R
BT WK 3.
& 2 HPLC M E thCNTF K EH B QA0 H 84 % F (n=5)

Tab 2 Intra- and inter-precision of HPLC determination for
rhCNTF(n=5)

ey V) PR I T %
pgml™  SEfiugmLT  RSD/%  FHI{t/ugmL”’ RSD/%
100 100.42 0.19 101.50 0.22
250 250.34 0.19 252.42 0.22
500 500.36 0.15 502.52 0.24

% 3 ELISA /¥ rhCNTF &€ B W40 B |84 % £ (n=5)
Tab 3 Intra- and inter-precision of ELISA determination for
rthCNTF(n=5)

T/ P9 2% I 170K 2% i
pgml™  FH{H/ugml  RSD/%  FHIfH/pgmL’ RSD/%
100 101.64 0.41 102.80 1.20
250 251.46 0.72 252.90 1.49
500 502.02 0.90 502.68 0.92

2.5 rhCNTF JIg BuiAdt A w41 21 i
rthCNTF JIE i AR 2E /N 5 L 208 50 DL 4.

% 4 thCNTF JF#. thCNTF A iR K B 2 4 K B # kot 4t /0 BB thCNTF /N R4l 2 &8
Tab 4 rhCNTF in mice brain tissue after injection of rhCNTF solution, thCNTF liposome and saline

T2 thCNTF 5 #/ng

2153 F 4 /mg-kg ™!
0h 6h 12h 24 h
thCNTF J5 i 5 113+13 19.5+1.8 247417 20.1+1.4
thCNTF fi§ JFifk 1 5 23.14+2.1" 72.4422Y 132.3+2.4Y 115.24+2.0"
rhCNTF Jig 54 2 1.5 15.9£2.0 42.64+1.9" 67.242.6" 58.5+1.5"
R ERK 0 10.242.0

FE: 5 rhCNTF JsUR41LEH, VP<0.01
Note: Compared with thCNTF solution, Dp<0.01

3 iTtig
FH v 58 75 V110 4% thCNTF I8 BRI, 5200 g
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JIg AR A BN 2. ARER ER R T A
ME. L, LA HLVE 7 B A ol 50 20 W0 A
FERIREmA, DL B A A HL 7 B IR oA R A28 43 AT
TR, M. HEE 50%/50% K A1 HLE IS
JERARRLAR R, iR Aida i 5e, & W
BELL AT 70%/30% A Bl 71 4 ¥ thCNTF fi it
1, RS AAEEAR% . 2R~ 10, 20, 25,
30, 35, 40 ¢k, BEGHFEREN S s, HH 25K
IR DR TR B 5, Bl A R R R 22 T AR
kN, AR RECE 22 MG AR B AN R e SO A
A% . 2RI 20, 50, 100 W DA, BT
50 W IN IS T AR IR B4 . BL 100, 200, 500,
1 000 nm FLAT Tl FLIEEEH £ thCNTF JI§if4, LA
100, 200 nm FLAZH#& i TR IRPRE AR 30T o

I 5 Ji TR, %, thCNTF g A4 28 sk
B0 B RTIE  UTIE S thCNTF (18 &R K g
JRAFY) thCNTF {55, b3 s A rhCNTF R4 &
Fu gt 2510, TSI A R

CNTF L& g 32 81 TR 7 h ik e &
FR G008 1R e K R A 4 B FH 24 AN B 2 L i
REt, RRESIIAHEZ S, ARE N SEHLS thCNTF
U BT 1) IO ) 45 24, 1 I i e e A A 2 A
REPLTE F Bh kA K 20 2316 GMIL 1 9 iR AR I J
(W EL S5y, GMIL 55— [ i AIE ] i 20 75
25 P B AR Ry £ tH & thCNTF (R BlURy
HE AR, & T2 s . AR 7 ik Hl 4 1
thCNTF JBJFAA RN thCNTF J5 R 53 50 5 ke 5 70 B
i, WU, F ELASE e &%, K&k
AR ZEN thCNTF A st ANl g, 1M
thCNTF £ g ik 10 25 Ja . #F AN 4 23 1
thCNTF W& #E 5 5 f5LL L, B thCNTF J§ i A%

¥ CNTF HANAT N e BRI R B A
FRPEH . Nt IR AT SR g 1 fcahs .
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