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Preparation of Curcumin-loaded Modifying Borneol Cationic Liposomes and Study on Its Brain Targeting
Effect

YE Xiaoli!, WANG Congyao’, LIU Ting', XIONG Xuefeng’, WU Meijun!, WANG Binhui*, LI Qingyu'"
(1.Department of Clinical Pharmacy, Key Laboratory of Clinical Cancer Pharmacology and Toxicology Research of Zhejiang
Province, Affiliated Hangzhou First People’s Hospital, Zhejiang University School of Medicine, Hangzhou 310006, China;
2.Department of Pharmacy, The First People’s Hospital of Xiaoshan District, Hangzhou 311200, China; 3.Department of
Pharmacy, Zhejiang Hospital, Hangzhou 310030, China; 4.Department of Pharmacy, Medical College Affiliated Hospital of
Taizhou University, Taizhou 318000, China)

ABSTRACT: OBJECTIVE To prepare curcumin-loaded modifying borneol cationic liposomes(Cur-BCLPs), and to
investigate their pharmacokinetics in vivo and the brain tissue distribution after intranasal administration. METHODS Cur-BCLPs
were prepared with ethanol injection method; the morphology of cationic liposomes was observed by transmission electron
microscope; mean particle size was estimated by laser particle size analyzer; entrapment efficiency and drug loading were
investigated by ultracentrifugation; using curcumin suspension(Cur-Sol) and borneol curcumin suspension(BO-Cur-Sol) as control
group, the pharmacokinetic behavior in vivo and the concentration in brain of Cur-BCLPs after intranasal administration in rats were
studied. The pharmacokinetic parameters were calculated by DAS 2.0. RESULTS The shape of cationic liposomes was roundness.
The mean particle size was (105.99+2.40)nm, entrapment efficiency was (81.95£1.03)%, drug loading was (4.28+0.46)%,
respectively. Results of pharmacokinetic study in vivo showed that the 712 of Cur-Sol, BO-Cur-Sol and Cur-BCLPs were
(4.27£1.53)h, (3.98+0.24)h and (6.01£0.63)h, AUCo—; were (224.38+21.95)ug-h-L-!, (243.40+12.26)pg-h-L " and (562.28+
24.30)ug-h-L7!, clearance rate were (1.82+0.36)L-h~"-kg™!, (1.72+0.11)L-h"-kg"" and (0.78+0.03)L-h~!-kg~!, mean residence
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time were (4.284+0.23)h, (4.41£0.15)h and (8.09+£0.17)h. Results of distribution in brain showed that AUCo- of Cur-Sol,
BO-Cur-Sol and Cur-BCLPs were (29.82+1.10)ug-h-g”!, (35.47+1.75)ug-h-g”! and(54.06+3.90)ug-h-g™!, clearance rate were
(15.73+£0.84)L-h~"-kg™!, (13.23£0.52)L-h""-kg™' and (8.52+0.92)L-h"!-kg”!. CONCLUSION Cur-BCLPs after intranasal
administration may increase the concentration and slow their elimination in vivo and brain.

KEYWORDS: borneol; curcumin; cationic liposomes; pharmacokinetics

ot 228 8 T3 96 e — e v UL 198 0 PN e R MR e
L, ImIR EESRT ARG, JRai & mo7 fifeyr
HEFB, BmMAEEEX L, FAMER, 45
B ARSTAS ROV EE, HOME DL SF o i g o -2
5 BRI i PRI ST RN 24 4 33 % HE BT R 25 1)
B, SR A R 25 W) A BESE R
HAGUEAM . iR THER H i HSE 250 S 2 PR
FHB-410 22 B 2% R 410 ) 06 26 18, 5 e 4
A3 AR 1A e 43 U AH o g AR T, ZE
AW TR 6 (B RAAELE A I
TIR(Z 89%LUFIEHE H AASR) Ak P2 2 A (T 2) B
ISR BEAR . FooE P22 5 ), BRI T il R
VAR A

N T v R E R AR B R R BR T, Y
ot Je 15 5 40 B 25 B SCEE , AWTTER TS
Pt 32 3 o B KO B 1Y) 22 B R BH B 1 il AR
(curcumin-loaded modifying borneol cationic
liposomes, Cur-BCLPs), DA “BEfgi, #ESH”
(0 S i 25 2 5 ZOR B AR N 2 8l R IE . ARSE
50 LA W 2E B v s 0 B B A B A o 20A, LA
BA ks, 51285 BAT” 2K R 1R &
Wi, A BH B i BT 85 3 245 W) A i R FE 97 2K
53 B R AT ) S 2o A A P B i O AT S
(%) ¥it7 B IR (E)CC), AT 364 A 24 W e o s A A e e, i
e A R TR
1w
1.1 X

2010 cut RO EIEL(H A B HAF);
Optima MAX ## 2.0 HL(3EE Beckman A H]);
Nano-ZS AR 4240 M AL (£ E Malvern A #));
AH1100 7 E¥FHLATS TRARAT); JEM
1200EX 32 5 L T B (H 4 Jeol 4 F))o
1.2 28 Fs)

208 R B2 (AR AR M B A BRA ]
5 120415025 43 >98%); % 5 2%t B b (]
2 R E ST, Hit5-: 110823-201004; 71t ;
98.8%) ; UK JEURL 24 (R s P BR 25 BR S W), 415
ZL150415BP ; 4fi i >98%) . K & Bl 8 A5 (it &
B40932). HFEEEHES . B40333). —imMEEILwEAE

-1470 -

Chin J Mod Appl Pharm, 2021 June, Vol.38 No.12

Bk C R AL S - 850725P) 1 [ IR AR E 251
FARAF]; HESHETERE(EE Merck A R]); H
NN SR 2 L

1.3 ¥

IS SD KM 81 H, A& &#(300+10) g, 9J
520, B BE RS S R, B
Y VY RTIE S . SYXK(#7)2013-0184, i A sh¥)
SEBSPIRF G AR sl 35 AE RS R
2 Hk
2.1 Cur-BCLPs Hy#l 4%

B mE R R 2y, kA, HEE., K
DOREERE . B AR B T i
I RCAALAR, ) BUE B R ER 2% vl i i) K AH
PEFE TR DU TR B N E] 40 cCKAT, ZJE4H
WCRHERE 30 min, (SR FHLE R 90 s BIfE
Cur-BCLPs,

22 JEARE

B & Cur-BCLPs i T8I/ L, FH 2.0%M854
FRYeft, 55T o 7 WA R A4 R
2.3 fudEFEMEL R

B Cur-BCLPs ¥ 1% 4 3 25.0>(40 000 rmin”',
4°C, 30 min) & FIEREER Fw(0); BEE%
R E O J5 DUIE YRR S BB (). 73 1 mL
Cur-BCLPs M A 5t H B 75 il UK BH 5 s AR
WI%E Cur-BCLPs 2§y it (o), 43t H s
BB, HERY%=(Wo - W)/Wox100%, #iZh
T %=(Wo — W1)/Wx100%.,

2.4 Cur-BCLPs Zj3f1%= Flfixi 20 2153 A i 5%

2.4.1 OIEE&ME @i%H . Hypersil C15(250 mmx
4.6 mm, 5 um); JiahtH: ZNE-0.02 mol L' W
TEANIKIA (60 + 40, BEFRIE pH {E % 3.0); Tk :
1.0 mL-min™!; HJE: 25°C; BMJEK . 425 nm;
PR 20 ul,

2.4.2 Cur-BCLPs Zygi%fff5¢ SD Kl 18 H,

BEMLO M 3 4H(%F4H 6 H): Cur-BCLPs 4, X
1R E W (curcumin suspension, Cur-Sol)Z vk -2
T # R & ¥ (borneol curcumin suspension ,

BO-Cur-Sol) 4 , ¥ B Js4h 25, R =N
477 ngkg! LR BN EHEAFRE] £(0.25,

RIS 252 2021 4F 6 A4 38 45 12 11




0.5, 0.75, 1, 1.5, 2, 4, 6, 8, 10, 12, 24 h)
IS KA BUM . FF 300 pL 13 & T 8.0 I
ANFEONE, BORER, No kT, Rigna
JifF, 12000 r-min~' B.0> 10 min, FiHRIEEE,
2.43 Cur-BCLPs 42U it 63 H SD K
SNk 3 4H: Cur-BCLPs 4. BO-Cur-Sol 41
I Cur-Sol 41, 4 BRI 25 2 45 251 Bkl 477 pg-kg!
LR, HAFHARBIE LGOS, 1, 1.5, 2, 4,
6, 8 hFMEMLFALSE, Bk, K% AR g
HERKRSIH . WA NG, #2585
AL,
2.4.4 BAEAIESHT R DAS 2.0 28t
AT AT AL B, TR S5, R
SPSS 16.0 {177 2K 5, P<0.05 Fn2E 54
GiiteF X
3 ZR
3.1 Cur-BCLPs fi S iFH

Cur-BCLPs ZE[FIE, kFoafmils), LR
b, S5 WA 1., Cur-BCLPs SFEHkifteh
(105.99+2.40)nm, 243l Z % (polydispersity index,
PDI) 4(0.14+0.04),, Cur-BCLPs F{f3,31 % J5(81.95+
1.03)%(n=3), %24 M (4.28+ 0.46)%(n=3).

TREE/%

0 1 L 1 L
0.1 1 10 100 1000

k% /nm

10 000

B 1 Cur-BCLPs # M 4h
Fig.1 Character of Cur-BCLPs

3.2 Cur-BCLPs 2 Flfil 41 2153 A bl ¢

3.2.1 Cur-BCLPs #j3fi"#lf5%¢ 5 Cur-Sol #LL
%, Cur-BCLPs H7ERNAYF I (TIR)ER, H
TR MG (] Tmax) FTT B4 BF ] (mean residence time,
MRT)#JHEK: (P<0.01), ZjH} £k T 1 FH (area under
the concentration time curve, AUC)#4HN(P<0.01),

R EFLACR 242 2021 4E 6 145 38 45 12

1 BR & (clearance rate, CL) F[&(P<0.05), 4550
2 e 1, R W12 9 BH 8 B B 28 Jm i
BT ET R, R TEBEEM. TR,
BB J2 i ot W AR I B K T 2 TRk
N A RIS (A]

3.2.2  Cur-BCLPs WLV Mi#T5E 5 Cur-Sol 41
Fe#, Cur-BCLPs i i 12 i 28 2 SR AL K 2 2L Wi
R, B9 AUC(P<0.01). H1T& 8 E 5L
b E TR T2, Wy #Bor 8
25 TR 2 TR T 208 Bk, kS 2 A I IR
AR . SRIFAMIE R IE T, W 2 YA G Y
THBRE R, 25 LA 3 f13k 2,

—— Cur-Sol4
—=— BO-Cur-Sol4
“\_ ; = Cur-BCLPs#

0 2 4 6 8 1012 14 16 18 20 22 24
t/h
B2 EE%%E M- & m=0)
Fig. 2 Plasma concentration time curves after nebulized
inhalation(n=06)

Rl BELUBARLAANFSH(xts, n=6)
Tab. 1 Plasma pharmacokinetic parameters after nebulized
inhalation(x + s, n=6)

28 Cur-BCLPs 4]  BO-Cur-Sol 4 Cur-Sol 4
Tmax/h 4.00+£0.01? 1.50+0.01 1.50+0.01
Cinax/g-L7! 46.37+0.93 46.83+4.44 46.83+5.11
Tin/h 6.07+0.63 3.98+0.24 4.27+1.53
AUC_,/ug-h-L! 562.28+24.30% 243.40+12.26 224.38+21.95
CL/L-h'kg! 0.78+0.03" 1.72+0.11 1.82+0.36
MRT/h 8.09+0.17% 4.41+0.15 4.28+0.23
TE: 5 Cur-Sol ALK, DP<0.05, 2P<0.01,
Note: Compared with Cur-Sol group, VP<0.05, 2P<0.01.
20
I = Cur-Sol4
15+ o BO-Cur-Sol4]
Cur-BCLPs#H

0.5 1 1.5 2 4 6 8

t/h
3 BRLWEEEENASL A E®W=3)
Fig. 3 Curcumin brain tissue distribution map after nebulized
inhalation(n=3)
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R2 BEGUBARBANFSHK (s, n=3)
Tab. 2 Brain tissue pharmacokinetic parameters after
nebulized inhalation(x + s , n=3)

24 Cur-BCLPs 41  BO-Cur-Sol 41 Cur-Sol 4
Tax/h 1.67+0.29 1.00£0.01 1.00£0.01
Crax/pig-g™! 16.32+0.73? 13.44+0.61 11.821.08
AUC)_/pgh-g” 54.06£3.90Y  3547+1.759  29.82+1.09
CL/L-h-'kg!  8.52+0.92% 13.2340.52 15.73+0.84

TE: 5 Cur-Sol 4HILEE, DP<0.05, 2P<0.01,
Note: Compared with Cur-Sol group, "P<0.05, 2P<0.01.
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