K AR SR R A iR aYHI & M AR S

ehped] L, RAER Y, T2, ZTeeth !, HIEL S Uasonms— ARER, UM 3100065 2B ALK E— AR
BEBE, BN 311200)

WE: BB  #1% 7k H (borneol, BO)YS4h#9 B 4% (puerarin, Pue)§ i/ (BO-Pue-Lips), #H4THALM R H B A K KK N IE
WRHHHR, Tk KA KR & BO-Pue-Lips, it %, AORFRRGFTHFMIHHMALT L,
YA Pue A iR Fr(BO-Pue)it iRk AL, ME K RE#IkS 2 BO-Pue-Lips #9MALRRE ., £55R 4] 4& BO-Pue-Lips
9 RACGAE A Pue HSIFAEIR LA 1010, ARSI ALY 14, SEREN 40°C, LA H &0
BO-Pue-Lips #5424 (112.97+0.89)nm, Zeta ¥.{%%(—7.48+0.49)mV, &4 % 4 (73.47+1.75)%, 2% #(5.55£0.13)%, 2
WA W KA A Weibull AR, JRMALR S H LR ET, Pue. BO-Pue #= BO-Pue-Lips 4 Tin %1 #(0.61£0.22)h,
(0.55+0.27)h #2(1.80+0.17)h, AUCo— 2 %) 4 (68.59£1.09)ug-h-g!, (72.70£2.63)ug-h-g! #2(137.68+10.17)ug-h-g!, CL %
# 4 (0.294£0.01)L-h kg™, (0.27+0.02)L-h"kg™! #2(0.13+£0.01)L-h"-kg™!, MRT % %I % (0.93£0.05)h, (0.97+0.02)h #=
(1.80£0.05)h, L5 KA M 540% M 41 & T BO-Pue-Lips, #% T 4] & 4 F Fo 4 & L4 o BO-Pue-Lips 425 /5 2
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Preparation and Brain Distribution of Borneol Modified Puerarin Liposomes

YE Xiaoli!, WU Meijun!, WANG Congyao?, WANG Xiaonan', FENG Fei!, GAO Yue'" (/. Hangzhou First People’s
Hospital, Hangzhou 310006, China; 2.The First People’s Hospital of Xiaoshan District; Hangzhou 311200, China)

ABSTRACT: OBJECTIVE - To prepare borneol modified puerarin liposomes(BO-Pue-Lips) with optimization, and evaluate
the concentration in brain of the drug liposomes in rats. METHODS The BO-Pue-Lips were prepared with the thin-film
rehydration method and were optimized through orthogonal -test according to entrapment efficiency and drug loading of
BO-Pue-Lips. Using puerarin(Pue) suspension and borneol puerarin(BO-Pue) suspension as control, the concentration in brain of
BO-Pue-Lips after intravenous administration in rats were studied. RESULTS The optimal conditions for preparation of
BO-Pue-Lips were Pue-soybean phospholipids(l :.10), cholesterol-soybean phospholipids(1 : 4), and the hydration temperature
was 40 °C. The mean particle size of the resulted BO-Pue-Lips was (112.97+0.89)nm and Zeta potential was (—7.48+0.49)mV,
the average entrapment efficiency and drug-loading was (73.47+1.75)% and (5.55+0.13)%, respectively. The profiles of release
in vitro was expressed.well by Weibull equation. Results of distribution in brain showed that 712 of Pue, BO-Pue and
BO-Pue-Lips were (0.61£0.22)h; (0.55+0.27)h and (1.80+0.17)h, AUCo—; were (68.59+1.09)ug-h-g!, (72.70+2.63)ug-h-g ! and
(137.68+10.17)ug-h-g™!, CL were (0.29+0.01)L-h!"kg™!, (0.27+0.02)L-h!-kg™! and (0.13+0.01)L-h~!-kg™!, MRT were (0.93+
0.05)h, (0.97+0.02)h and (1.80+0.05)h. CONCLUSION An optimized liposomes drug delivery system is obtained by thin-film
rehydration method. The preparation and preparation process are selected and optimized. The liposomes after intravenous
administration might increase the concentration, prolong circulation time and have a good targeting efficiency in brain.

KEYWORDS: borneol; puerarin; liposomes; orthogonal design; brain distribution
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PR WIRZ DRIk 045 2h, (B FA7RAE
T2 R E . FHZANE RS S BRI AE N
MAEA RN, FRE T Pue Bl AR HB#,

“HW " BRI (liposomes, Lips)je Hi
R R0 IR ] B2 BR Y 2 AR ) A R RS 2 4, AT )
B2y, HsRIT A, REAEMAIHE SRS . O
FHIFE" 259K F (borneol, BO)Z—FpHiniZifb &
Yy, EAE I s i B B aE R R B il T
757 WThhe, AL AR o A P I 2 R 4
e LR B R R s 3%, 5 A2 Y e R
PR YR A AR B L AR T O G o L 1
I AE R L b i o3 A, AR E 25 MW A i

HIER Pue AW, EZEHALRNIEN
PIEFIE], AURBELIIR LA 2k, DIEA “S5F
EE, I AT 2K AE B, S5
FTARSE B2 A NG R AT, 288 AU ki A 3 2
ARG UK B i Pue JIg i {4 (borneol puerarin
liposomes, BO-Pue-Lips), JEM, “Z4¥) " J5IF
RN LU AR, T 25 <
B, B Pue ZERRNALZIN BB BLE

1 7R
1.1 {¢&%

1S09001 HL T K- (JbHt 38 2 A1 i s A B
v Al); LC-20AT =g 450 W AR i {0 (H 7R 5
Al ); Optima Max B & 3 % 7B O HL (3
Beckman A A, 2484 37 ¢cm); Nano-ZS90 #%
BLAZ A3 M A (FE E] Marlvern 23 1)) ; 14000 Da i% B
R(EEHETEYPHL AR ) ; JEM-1200EX
RL3% St 2 U H A JEOL A7)
1.2 25 AR

Pue JFURKZG (bR T A LR O A BR 2
A, 4ifE>98%, b5 . K1925030); Pue XfHa (1
VTR T AR B A BRA R, 4l =98%, #it
51 J2009307); JHEEECE SO BE AR AT R

ovHE], S B61251); KEEBEE (i s
RS A R, 5. SY-SI-181201); BO( [
BaTRL T AE AR A AT BR AR, 46 55%, #it5:
B2010039); L. W, BEfR-b ke, Haph
AR e
1.3 ¥

TS SD KA, MEMES > , PR BT (200+ 10)g,
BUM B 2 Be 52 59 gl B b [ A2 7= P ATHIES . SCXK
(#)2019-00111. FF A sh ) SEER3 A G i B2 2 e 3
Yy SR 48 R -
2 FHREH#R
2.1 BO-Pue-LiPs B4

K IR 3 0 i 4 BO-Pue-Lips. FRELHP
J& . REEESE R, A 10 mL & 05, T2 R0E A
W, BT, — R T A e 7R Kk R 2
ARG, ZRE TP e A0 A s, o) Bk
JiEH Pue M BO ¥ 20 mL PBS 2% iAWk (pH
7.4y, A L ARBA IR A AN, R A
T SRR, ok 0.80, 0.45, 0.22 pm FEALIERE, B
1% BO-Pue-Lips.
2.2 Pue FimillE
221 @iE &M A5 Diamonsil™ Cig
(250 mmx4.6 mmn;,. 5 pm) ;Ui s AH K 2 -0. 1%
27K (20 :-80); Vi A 1.0 mL-min~'; A5 M 30 C;
S A 250 nm; HEREER 20 L,
222 LJEMEFEE W Pue XTIRAAW .. 25HIE
itk ¢ Pue-Lips JRAW, 76 “2.2.17 @AEFMT
RS, AR BN, AikET —M R, Sk
XF25890 00 5 To T, Pue HOLR BRI ] 24 5.45 min,
AR IE 1,
223 PRUEMZRMES. RSB AREL Pue XfHR S
i, WEERE 5.3, 106, 21.2, 424, 63.6, 84.8,
106.0 pg-mL~" FRFUR L XTSI, B 20 pL
AR, DAUEETH R () W 25 0K B (o) itE AT 2tk [ml e

B C 1
N—
e o by b by e 1Ly . o T T Ty
0.0 2.5 5.0 7.5 10.0 0.0 2.5 5.0 7.5
t/min t/min

1 ERRAEeEE
A—Pue X BBIA ; B-2 HARK; C-Pue-Lips IREI; 1-Pue,
Fig.1 HPLC chromatograms
A-Pue standard solution; B-Lips; C—Pue-Lips; 1-Pue.
BN B 242 2023 4F 3 48 40 555 5 Chin J Mod Appl Pharm, 2023 March, Vol.40 No.5 - 633 -



1A )7 y=69 074x+20 086, R?=0.999 7(n=3).
FBH Pue WRJETE 5.3~106.0 pg-mL ™" S FRLE X
AR

224 KEEE S PRI B Pue X IR LR,
e “2.2.17 WM ARERMESIE 6 K, W
RSD 4 0.53%(n=6).

195 = Pue-Lips RN FEERFL, 4
TR E A, e B 40 12,50, 50.00,
80.00 pg-mL" AR, H% “2.2.17 BT @GR
SEATIFE RIS R, S RIS R 99.28%,
99.66%, 100.06%(n=3), ZERWFE 1,

T 1 FiEE R EMn=6)
Tab.1 Method recovery rate(n=6)

Pue : BO=2 : 1 @ AZELIEEF BO &, MK
KDL 2, RG22 1IE A8 45 SR it A 7
ST, ALEFFR () IR 2N 1 (02) 7 A% 50%, 50%0
ZEFY, A TEEG) = 5091/ 1maxt50y2/Vamax »

IEACIRIGLE IR 3. T EMT 4 R L 4.

*2 EXRBEEATE

Tab. 2 Factors and levels in the orthogonal design

S
K " pue 55 BB RE B bk LU I 5 B E I k F  hE/C
A B C
1 1:5 1:2 35
2 1:75 1:4 40
3 1:10 1:6 45

x3 ERABRBITALE

JnA R /ug-mL! 5 /ug-mL! Bl & RSD/% Tab.3 Design and results of orthogonal test
12.50 12.41£0.09 99.28 0.71 e A B C WEHE A v
50.00 49.8340.06 99.66 0.12 Q% (2)/%
1 I 1 ] 54.71 4.80 64.22
80.00 80.04+0.02 100.06 0.01
2 1 2 9 60:30 6.80 79.32
e _ } , . 3 1 3 3 56.52 6.84 76.98
22,5 FEHEMAE  HUE—Hit Pue-Lips £/, Ml
Ak 6 vk, LI % o 4 2 1 2 62.10 5.23 71.65
RSP 6 4K, 113326 RSD 7y 1.03%(n=6)- 5 2 2 3 66.41 6.61 82.38
2.2.6 FREMEE  HUE Pue-Lips Feh, oy 6 2 3 1 63.90 6.19 78.30
AT 0, 2, 4, 6, 8, 12h #iHE, P RSD {EN 7 3 1 3 66.52 598  78.89
0.83%, FRIAFEMTE 12 h NRREPE R IF. 8§ 3 2 L 7380 757 9282
2.3 JekRpEuc 9 3 3 2 68.71 8.84 96.55
231 IREERA SRR BRSSO 0T T
2 o - .y e K . 7744 8484 8251
R 1 e vk il 45 . BBGE B BO-Pue-Lips 1R & T et s00r 104 7040
P, 2.0%RER Lt B BB, o ol 1325 a0
2.3.2 Rk E B BO-Pue-Lips TRAK
i, BRI E f; 47‘7‘;‘%%;*5 .
s e < N ap. nalysis o1 variance
233 BRBUA R SRR Rk ——
LI BO-Pue-Lips (0054 It BO-Pue-Lips = F% g MWE £ FWAR A PR
TRV B T 5 0 (40 000 £'min', 4 °C)30 min, HX A 412.17 2 51.97 19.000 206.06 P<0.05
L?%?&ﬁﬂ'?@?fﬁﬁ?ﬁ"]ﬁf Pue /ﬁ\% _\La,ﬁz Wl' E"X% B 329.14 2 41.50 19.000 164.57  P<0.05
s A o X N C 26.97 2 340 19.000  13.49
DJEUIEY), BZSRHRTIERFRE B, ek w. :
D(i#%) 7.93 2 1.00  19.000 3.97

5 HL 1 mL BO- Pue-Lips F 58 7 & 2505 L , HPLC
WE g Bk Pue B8 &, 84E wo, B4
AR [(Wo—) WO 25 B [(Wo-W1)/ W]

2.4 BO-Pue-Lips ffEAb 7 T2

241 ESSREETT ARSCEAR IR R R AL
R, DRy s bs, 1w Pue 500HE
BT LU (A) . JEE B 5 SR RR T it LE(B) il £
EONHELEHRER, R LoGHIEsCRB L
b7, wlE AR, W BRI R, Hop
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242 FAETZEIE  #% EiREEL T T2 &
3 4t BO-Pue-Lips, #if2 M (112.97+0.89)nm, Zeta
BV M (—7.48+0.49)mV, ALER K (73.47£1.75)%,
255 K (5.55+0.13)%(n=3), Z5HILFE 5, JEFIK
BRBKIE, RARK/NEXE—, TTHAER, 45580
[l 2, BO-Pue-Lips ¥if2 53 1ii il Zeta HiL A7 B 45
UL 3~4.

T5 RiFRBRLE
Tab.5 Results of validation

ik B4R /nm Zeta/mV W% R/ %
1 113.78 -7.14 71.70 5.42
2 112.01 -7.26 73.50 5.55
3 113.11 -8.05 75.20 5.67
xts 112.97+0.89  —7.48+0.49 73.47+1.75 5.55+0.13

Bd-Pue-Lips
2 BO-Pue-Lips #7 Pue-Lips & #f = 4% I /(80 000x)

Pue-Lips

Fig. 2 TEM photograph of BO-Pue-Lips and Pue-Lips
(80 000%)
14
12
10
X 8
® 6
H 4 \
: \
(()).1 1 10 100 1000 10 000

BifE/am
3 BO-Pue-Lips k4% 44
Fig.3 Particle size of BO-Pue-Lips

40 000

30 000
=y
o) 20 000

10 000

0 1 1 J
-100 0 100 200
Zeta/mV

E 4 Zeta BALHA
Fig. 4 Zeta potential distribution
2.5 PRAMESIE I E
B M %% 4% BO-Pue-Lips (RSN 25 55 1

v E AR FH 22 2023 4F 3 55 40 555 5

pH 7.4 PBS &WCRBERA L, Pue JFEIZ)S BO-
Pue-Lips(¥J 7 Pue 1 mg)4% 3 17, 70T 2 mL B
I, HRRBAEBEN ST, WIS ETR
BAEN R, TFR R, (37+0.5)ClEiREK
3% (50 rmin '), E IFBOREIF RN A5 i R RURE i
A, FERZE 0.45 pm RLALIERS ST, HRERIERIN
ERA T Pue S, T REUBZIHR(Q%).

7 PBS W (pH 7.4) M BEA B, Pue A4k
B WL 5. Pue 524 2 h BEUBRZEHTFN
79.81%, 4 h CRARM TGS, RERE /5N
94.50%, FW Pue JRZGTEREAN B PR HE L
ifii BO-Pue-Lips (RSMEZE N2, #£ 8 h BB H
SR EAT 67.43%, 24 h R R 86.82%, HAT R
ERBERIE, BO-Pue-Lips 7 2 h INEZ54tk,
T2 7 R A S T R 36.31%25 M5 BE,
B BO-Pue-Lips F 24 A BT 12 , B4 it
ZRERE

120 ¢

100

HH

80
-=- PueJFRlZY

AR %

60
40 =+ BO-Pue-Lips
20 &
O 1 1 1 ]
0 4 8 12 16 20 24

t/h
Bl 5 Pue-Sol #1 BO-Pue-LiPs 1k 4 24 th 2% (n=3)
Fig. 5 In vitro release profiles of Pue-Sol and BO-Pue-LiPs
(n=3)

IS — R AR | Weibull £EH |
Higuchi #AIX} BO-Pue-Lips #l & B2511°h, 45
%W, BO-Pue-Lips 7EREMN BT IRELTT NAT &
Weibull 77, 4RI 6.

% 6 BO-Pue-Lips /NB K d X W6 %
Tab. 6 Fitting results of release curve of BO-Pue-Lips

Al [EIEpx R?
T T 2R 0=0.034 7t+0.250 4 0.742 6
— 23 I A In(1-0)=—0.086 4t-0.257 6 0.914 6
Higuchi 51 0=0.201712+0.040 8 0.928 8
Weibull 157 Inin(1/1-0)=0.758 3Inz-1.474 5 0.987 4

2.6 BO-Pue-Lips 20253 Fi bl 58
84 H SD KR BEHLS N Pue 4. BO-Pue 4 Al
BO-Pue-Lips 41, 42578 N 20 mg-kg!' Pue., %4
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2yl AN A] 5.(0.25, 0.5, 1, 2, 4, 6 h)Fizh
PK R ALFE , R4 56 H8 M I FH AR AR 7K e v i
i, HSERER BRI ZE 10 mL B0, AL :
I(g : mL) 50% H s 7K i Wl AL 8L 5 2R P AT 3
S5min, 0 1mL 2JHKE=E 1.5mL HLEH,
2 000 r-min~" B0 10 min J5 B 1 2) 0 KRR
B 50 pL 21300 B TR0 IE I NG 200 uL
DUERE L, WIENR, 13 000 rmin' .0> 15 min,
VWG

BAEAL PR HT R DAS2.0 2532k kAT
G TR, T2y 2S5, IR A prism
AT THES, P<0.05 A NAH BEMEZER

JFEH K 45 24 ) Wi 25 - i 4 T DL L 6, 24 32
SRR 7. 45 R R, 5 Pue [b#, BO-Pue-Lips
P& T AUC, W18 T CL, MM T Pue 75k
AV ORE B, DGR T 24 A IS A 3 B
o A RgJE T . ORE FURTE S 25 )5 1Y — Bt
V) PR 308 Ao 40 A TR Bt ARG P, XL 53F I B % 4E 2%
AR, A 25 W A i AL 8L G 12 [ i o Q7K
FRETARBEE, NS08 RS 2258 A il
RHEITRC, BT 00N B R ) aE P, e
S BN X Pue 1Y 5L

80 Ty A
BO-Pue
60 =3 BO-Pue-Lips
o
f 40
il
8
’l | H
K
¥
Al
. AN 1] Y
0.25 0.5 1 2 4 6
t/h

Bl 6 J#lise 2 /5 i 2y-af d & B (n=4)
Fig. 6 Brain concentration-time curves after intravenous
injection(n=4)

RT RBERGEABEARMAGNF S8 (T s, n=4)

Tab. 7 Brain tissue pharmacokinetic parameters after
intravenous injection( X £s, n=4)
B BO-Pue-Lips BO-Pue Pue
T\/h 1.80+0.17Y 0.55+0.27 0.61+0.22
AUC_/pg-h-g! 137.68+10.17"  72.70+2.63 68.59£1.09
CL/L-h kg 0.13+0.01" 0.27+0.02 0.29+0.01
MRT/h 1.80+0.05" 0.97+0.02 0.93+0.05

: 5 Pue A LLEL, DP<0.05.
Note: Compared with Pue group, "P<0.05.
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W Z 1) Pue i AJR W21,

Wit DAS BRI 8 S8, AL 5
ZERLHLW], Bt Pue #il£5 8 BO-Pue-LiPs J5 AUCo,
HI R . T K, BHZGYIRERE, J
T TR 5 AR T B A 4R 25 I A TS
HAZBEKSAEN, HERS T Pue MAEWFIH
E8 5 Pue 411l BO-Pue 41AH L, BO-Pue-LiPs
FTERZ CL TR, MRT ZEK, DL IS FARENE
it Pue XAz, 8 GE K i 2 2 i BE B
(] A 358 i 245 4y WA A A S P A 2080 R AR PR
[B], Sos2gPmmlicRetE . JREATRE: QM T Pue
Loy 8ihi FIE X TR AT +)2 , BO-Pue-
Lips il Wi~ F 09 ml G . A sl ik 554 ok
HEINZ5)38 L B R RE 7, DT 245 4 v 3 e
iz W SCE Ao i i B B, B i AGZH S, @ (R
TG ) MRk “PEEER, TIEAIRT F R
TRELY” AR, T B e i i R 3 1 ok
HEIA R A 25 W a, Ae e W AR VR i
oA B B N8 303
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